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TOM TAT

Luan an nghién ctu thiét ké hé théng phan loai xoai hi¢u suét cao sir dung
cong nghé xir 1y anh két hop tri thong minh nhén tao da dugc thyc hién bang phuong
phap phan tich 1y thuyét, co s& 1y luan, phuong phap mé hinh hoa va phuong phap
thuc nghiém. Hé thong phan loai duoc nghién ciru gdm 3 phan chinh. Pau tién la
nghién ciru hé thong phén loai xo0ai tu dong theo khdi luong, ké dén 1a phat trién phan
loai xo0ai theo khéi lwong, thé tich va khuyét tat trai sir dung xir 1y anh va cudi ciing
1a hoan thanh hé théng phan loai xoai st dung cong nghé xir Iy anh két hop tri tué
nhan tao. Hé thong phan loai dugce nghién ctru va tng dung cac phuong phap phan
loai khac nhau va chon phuong phap phan loai xoai téi uu nhét (khuyét tat, thé tich
va khdi luong) 1a phuong phap mé hinh RF c6 hiéu suat dat 98,1%. Mang than kinh
nhan tao t6i uvu co6 thé dy doan d6 Brix ciia mdi trai xoai dua trén khdi lugng, chiéu
dai, chiéu rong va thé tich voi do chinh xac 98% trén thyc nghiém. Ngoai ra, hé thong
phan loai cling dat ning suit cao khoang 3.000 - 5.000 kg x0ai/gid (twong dwong
khoang 6 - 8 trai/gidy) duogc lap dat tai TP. Cao Lanh, tinh Dong Thap va di duoc
van hanh). Mt khéac, hé thong phéan loai ndy ciing phan loai dugc cac loai nong san
khac khi thay d6i mot s6 yéu t6 va co cau. Cac két qua dat dugc:

Thuc hién nghién ctru, tinh todn va hoan thanh hé thng phéan loai xoai. Xay
dung dugc co so 1y thuyét, phuong phép luan va cac phuong phap phan loai xoai
khac nhau 4p dung trén hé théng phan loai.

Ung dung cong nghé xir 1y anh két hop AI trén hé thong phan loai. Thyc
nghiém va so sanh két qua 1y thuyét véi tinh toan hé thong phan loai trong cung diéu
kién du vao va dau ra.

Céc mo hinh phan loai da dugc thuc hién véi viée hd tro cac thuat toan may
hoc. Viéc trién khai phan loai xoai dua trén viéc ap dung cong ngh¢ xir Iy anh dé xu
1y hinh anh chyp xo0ai va sau d6 st dung bon phuong phép moé hinh LDA, SVM, KNN
va RF d¢é tu dong phan loai xoai. Thuat toan Méy hoc c6 gidm sat c6 thé duy tri do
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chinh xé&c du doan cao cho céac loai xoai khac nhau. Tuy nhién, giai phap nay nén ap
dung cho loai x0ai twong tu nhu x0ai mau.

Trong sudt qua trinh phan loai, mot chudi cac phuong phap phan tich trong xir
ly anh dugc sir dung dé bién d6i hinh anh di chyp ciia xoai thanh dang hinh anh c6
thé dé dang trich xuat tinh ning tir xoai. Thi nghiém cho thay cac phuong phap nhu
vay thanh cong khi két qua du doan c6 18i nho.

Két qua du doan ctia cic mo hinh giam sat vé may hoc duoc dé cép trong
nghién ctru nay c6 do chinh xac cao. Pic biét, phwong phap mo hinh RF ¢6 hiéu suat
du doan tot nhat 14 98,1 % va dugc dé xuat dé dy doan phan loai xoai.

Mang luéi than kinh t6i wu c6 thé du dodn d6 Brix cua xoai dya trén khéi luong,
chiéu dai, chiéu rong va thé tich voi do chinh xac 98% thuc nghiém.
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SUMMARY

The thesis of researching and designing a high performance mango
classification system using technology of image processing combined with artificial
intelligence had been performed by theoretical analysis method, theoretical basis,
modeling method and experimental method. The studied classification system
consists of about 3 main parts. Firstly, the design of an automatic mango classification
system by weight, then the development of classification of mangoes by weight,
volume and fruit defects using image processing and finally complete the mango
classification system using image processing technology combined with artificial
intelligence. The classification system was studied and applied different classification
methods and chose the most optimal mango method classification (defect, volume
and mass) was the RF model method with an efficiency of 98.1%. The optimal
artificial neural network can predict the brix of each mango based on its mass, length,
width and volume with 98% accuracy on the test set. In addition, a sorting system
with a high yield of about 3,000-5,000 kg of mangoes/hour (equivalent to about 6-8
fruits/second) was installed in Cao Lanh city, Dong Thap province and already
operational). On the other hand, this classification system can also classify other
agricultural products when we change some factors and structure. The results
obtained are as follows:

Conduct research, calculate, design and complete the mango classification
system. Presenting the theoretical basis, methodology and different classification
methods applied on the classification system.

Applying technology of image processing combined with artificial
intelligence based on the classification system. Experiment and compare the
theoretical results with the design calculation of the classification system under the
same input and output conditions.

The classification models have been implemented with the support of

machine learning algorithms. The implementation of classification mango is based



on applying image processing technology to process mango captured images and then
using four model methods LDA, SVM, KNN and RF to automatically classify
mangoes. Machine Learning solutions are supervised with designs that can maintain
high prediction accuracy for different mango varieties. However, the same should be
applied to the mango as the sample mango.

During the classification process, a chain of analytical methods in image
processing are used to transform the captured image of mango into an image form
that can easily be extracted from the mango. Experiments show that such methods
are successful when the prediction results have a small error.

The prediction results of the machine learning monitoring models mentioned
in this study have high accuracy. In particular, the RF model method has the best
prediction performance of 98.1% and is proposed to predict the mango type.

The optimal neural network can predict the brix of mangoes depends on mass,

length, width and volume with experimentation of 98%.
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DANH SACH CAC TU VIET TAT

TTNT: Tri tu¢ nhan tao (Artificial Intelligence: Al).

CCD (Charge Coupled Device): Linh kién tich dién kép, 1a cam bién chuyén doi hinh
anh quang hoc sang tin hi€u dién trong cac may thu nhan hinh anh.

GMM (General Method of Moments): Tén chung ctiia mot phuong phap hdi quy/udc
luong (estimation) dé xac dinh cac théng s6 ctia mé hinh thdng ké hodc mé hinh kinh
té dinh luong.

PCI (Peripheral Component Interconnect): Trong khoa hoc may tinh, 1a mét chuan dé
truyén dit liéu giira cac thiét bi ngoai vi dén mot bo mach chi (thong qua chip cau nam).
Hyperspectral: Ung dung anh vién tham siéu pho.

PSNR (Peak signal-to-noise ratio): Ty so tin hiéu cuc dai trén nhiéu, ty 1é giita gi tri
nang luong t6i da ciia mot tin hiéu va nang lwong nhifu anh huéng dén do chinh xac
cua thong tin.

RGB: Do (red), xanh 14 ciy (green) va xanh lam (blue), 1 ba mau goc trong cac mod
hinh anh sang bo sung.

VNIR (Visible and Near-Infrared): Pho hong ngoai gan va kha kién.

SWIR (Short wave Infrared): Pho hong ngoai budc song ngan.

SVM (Support Vector Machines): May vecto hd trg, 1a mot khai niém trong thong
ké va khoa hoc may tinh cho mot tap hop cac phuong phép may hoc cé giam sat lién
quan vé&i nhau dé lua chon va phan tich hdi quy.

SMO (Sequential Minimal Optimization): Thuat toan t6i thiéu tuan ty.

ROC (Receiver operating characteristic): Puong cong dac trung hoat dong cia bo
thu nhan dé xac dinh 13 ¢6 tin hiéu hay chi 1 do nhiéu.

PCA (Principal Component Analysis): Mgt trong nhitng phuong phap phéan tich dir
liéu nhiéu bién don gian nhat.

FSCABC (Fitness-scaled chaotic artificial bee colony): Phuong phép k¥ thuat xtr ly

quy md hoat dong hdn don ciia bay ong nhan tao.
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PSO-FNN (Particle Swarm Optimization- Feed-forward Neural Network): Phuong
phap t6i wu bay dan két hop thuat toan than kinh.

GA-FNN (Genetic Algorithm—FNN): Thuat toan di truyén két hop thuét toan than kinh.
ANN (Artificial Neural Network): Mang ludi than kinh nhan tao.

RFE (Recursive Feature Elimination): Ky thuat khir tinh nang d¢ quy.

MADM (Multi Attribute Decision Making): K§ thudt dya vao da thudc tinh dura ra quyét dinh.
LDA (Linear Discriminant Analysis): K thuat phan tich tuyén tinh biét thirc.
K-NN (k-Nearest Neighbours): Thuit toan lang giéng gan nhét.

DT (Decision Trees): K¥ thuat cdy quyét dinh.

ELM (Extreme Learning Machine): Phuong phép may hoc.

K-Means: Thuat toan phan cum dir li¢u.

GMM (Gaussian Mixture Model): Hon hop mau Gaussian.

FCM (Fuzzy C Means): Phuong phdp phan cum dir li€éu mo.
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CHUONG I: TONG QUAN VA COSO LY THUYET

Chién lugc phat trién khoa hoc va cong nghé Viét Nam giai doan 2011-2020
d3d duogc chinh pha Viét Nam phé duyét vao nam 2012, Quyét dinh s6 418/QD-TTg,
trong do khéng dinh viéc nghién curu, tng dung cong nghé tién tién, hién dai va dua
ra cac giai phap toi vu, phi hgp dé phat trién qua trinh san xuat va xuat khau noéng
san, gop phan xay dung cac thuong hiéu manh cho cac san pham nong san xuat khau
ctia Viét Nam [1], trong do trai xoai xuat khau nim trong danh muc nong sén dic biét chu trong.

Theo Bo Nong nghiép va Phat trién nong thon, xoai 1a mot trong nhing loai
trai cay nhiét doi chinh duoc tréng tai Viét Nam, chi ding sau chudi. Viét Nam 1a
nudc san xuat xoai 16n thir 13 thé gisi voi tong dién tich trong trong ca nudc khoang
hon 87.000ha; nam 2020, téng san lugng xoai cua Vi¢t Nam dat 893,2 ngan tan, tang
6,5% so voi cung ky nam trude. Xoai duoc trong nhiéu nhat & khu vuc Pong bang
song Ctru Long, chiém khoang 48% tong dién tich xoai ca nudc, nim 2020 dat
567.732 tan. Nam 2020, kim ngach xuat khau xoai ctia Viét Nam dat 180,8 triéu USD
(Hinh 1.1). Trong d6, thi truong xuat khau 16n nhat 1a Trung Quéc dat 151,8 triéu
USD, chiém 83,95% tong kim ngach xuat khau cta Viét Nam, dung thtr hai 1a thi
truong Nga, dat 8,4 triéu USD, chiém 4,65%, thir 3 1a thi truong Papua New Guinea,
gia tri xuat khau dat 5,5 triéu USD, chiém 3,03% thi phan. Tiép theo 13 cac thi trudong
My, Han Qudc, EU, Nhat Ban, Hong Kong (Trung Qudc).

Theo Cuc Ché bién va Phat trién thi truong Nong san (Bo Nong nghiép va
Phét trién nong thon), xodi 1a mot trong nhiing loai cdy c6 thé manh xuat khau cia
Viét Nam. Dé ting luong hang xudt khau sang cac thi truong 16n, doi hoi cac co
s& san Xuat xoai phai tinh dén phat trién theo chudi gia tri san pham tir san xuét, thu
mua, so ché, dong gobi, bao quan, doanh nghi¢p xudt khau, bao dam dap tng quy dinh
cua thi truong. Theo do, muc tiéu phén d4u dén nam 2030, ca nude co khoang 140.000
ha xoai, san lugng 1,5 tri¢u tan, kim ngach xuét khau nang 1én 650 triéu USD; c6 trén
70% co s& ché bién bao quan xuat khau dat trinh do va cong nghé tién tién. Dong

bang song Ciru Long c6 hon 47.000 ha trong xo0ai (Péng Thap dan dau vé dién tich



12.106 ha), véi san luong hiang nim trén 567.700 tan, ning sudt dat tir 11 dén 13
tan/ha. Kim ngach xuét khau xoai nam 2020 ctia Viét Nam dat trén 180,7 triéu USD.
Tinh Pong Thap d4 lwa chon cay xoai 1a 1 trong 5 nganh hang thyc hién Dé 4n tai co
c4u nganh nong nghiép cta tinh. Ngoai ra, tinh con tip trung xay dung nhan hiéu hang
hoa, xac nhan cAp mi ving trong xoai dé xuat khau, lién két san xuat voi tiéu thu.

Pon vi ndy ciing cho biét, yéu cau tién quyét khi xuat khau xoai 1a truy xuat
nguodn gbc va tong sb ma ving trong dugce cap dé xuat khau nim 2020 1a 271 ma,
trong d6 Dong Thap c6 109 ma. Pang luu y, dién tich trong xoai theo tiéu chuan Viet
GAP va Global GAP 14 1.789 ha, chiém 3,8% trén tong dién tich. Vi vy, can ting

cuong mo rong hon nira dién tich trong xoai dat chuan dé dap trng yéu cau xuat khau.

THI PHAN XUAT KHAU XOAI CUA VIET NAM
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Hinh 1.1. Thi phan xuét khau xoai ciia Viét Nam (Théng ké tir Cuc Bao vé thyc vat) [2]
Tuy nhién, nganh hang xoai ¢ ving dong bang séng Ctru Long ndi chung va
tinh Dong Thap néi riéng con boc 16 khong it nhitng han ché (Giéng xoai chi lyc ciia
tinh 13 x0ai cat Chu chiém 70% dién tich, cat Hoa Loc chiém 20% dién tich. Tong gia
tri san xudt nganh hang xoai toan tinh ca nam wéc dat 1.500 ty dong). Cu thé, ty 18
hao hut sau thu hoach trong qua trinh thu hoach va van chuyén, bao quan, sau thu

hoach con kha 16n chiém hon 27%; cong nghé ché bién tao gia tri gia ting san pham



con nhiéu bat cap; quy trinh canh tac tién thu hoach va xu 1y sau thu hoach (nhu hé
thong kho lanh, thiét bi phan loai, so ché, xur 1y, lam chin, bao bi, dong géi, van
chuyén) chua van hanh mot cach déng bo.

Trudce thyc trang trén, cac dai biéu tham dy hoi thao da tap trung vao phan tich
thyc trang va dinh huéng phat trién nganh hang xoai; gidi thiéu vé du an hd tro ciia
UNIDO va céch tiép can thong qua mo hinh “Trung tdm tién tién” vé thu hoach, so
ché, doéng goi, bao quan va van chuyén x04ai cho doanh nghiép trén dia ban tinh; cac
chuyén gia nudc ngoai chia sé, danh gia mot sé van dé trong chudi gia tri xoai; chia
sé tiém ning cua nganh hang xoai Viét Nam trén céc thi truong thé gidi.

Céc doanh nghiép xuat khau trong va ngoai nudc ciing thira nhan xoai Viét Nam
san luong c6 nhiéu nhung sb lwong dat quy chuan xuét khau con rat khiém ton. Pa phan,
cac cong doan xtr 1y x0ai sau thu hoach duoc thuc hién bang phuong phap thi cong. Sau
khi duoc xtr Iy xong lai ¢6 van d& ndm bénh, do d6 thoi gian bao quan ngin; trong khi do,
chi phi van chuyén qua cao. Do d6, xoai Viét Nam chua thé canh tranh véi xoai cac nudc
khac. Vi vay can cai thién cac khau tir so ché, ché bién, bao quan, van chuyén, nang cao
chit luong san pham 1a dinh hudng cta nganh hang xoai can hudng toi.

Ngoai ra, cac co quan chil quan dia phuong gin véi cay xoai cling can nang
cao nang lyc hoat ddng cua cac to chirc hop tac dé td chirc san xuat, tao ra san pham
c6 sb luong, chat luong dap Gmg yéu cu cia ting loai thi truong xuat khau khac
nhau; tao diéu kién lién két trong san XUuét, hop tac va tiéu thy san phém, nham phat
trién loai cdy trong nay theo hudng bén vimng. Ung dung cong nghé ché bién sau thu
hoach 1a 1 trong 2 that nat 16n trong viéc hinh thanh céc nganh hang nong nghiép,
trong d6 c6 xoai. Mot tin hiéu tich cuc 1a nam 2017, Bo Nong nghiép va Phat trién
noéng thoén thong qua su hd tro cua To chitc UNIDO di tién hanh dy an xay dung
“Trung tam tién tién” vé thu hoach, so ché, dong go6i, bao quan va van chuyén X04al.

Mic du da xuat hién rat 1au trong linh vyc phan loai ndng san, nhung cho dén
nay van chua c6 mot hé thong chuyén dung nio phuc vu riéng cho qua trinh phén loai
x0ai. Qua trinh phan loai x0ai tai Viét Nam va thé giéi dang duoc thuc hién chi yéu

bang stc lao dong truc tiép cia nguoi néng dan. Cdc phwong phdp dwoc sir dung boi



nhitng nguwoi ndng déan va cac nha phdn phéi @é phan loai cdc san pham néng nghiép
la théng qua kiém tra chdt leong truyén thong ding mdt quan sdt ton thoi gian va it
hiéu qua hodc mot sd loai may khong chuyén dung va két qua cho ning suat khong
cao, chi phi cao, viéc phan loai ra cac loai xoai khac nhau 1a tuong ddi tén kém vé
kinh té. Tuy nhién, cic nghién ctru nay da sd van con dang thi nghiém va mdi mot
noéng san khac nhau phai sir dung mot hé théng phan loai khac nhau, dic biét 1a véi
xo0ai thi sy phan loai lai cang dién ra phurc tap.

1.1. Tong quan vé hé thong phan loai néng sin, cong nghé xir Iy anh va tri thong
minh nhan tao (tri tu¢ nhan tao)

1.1.1. Co s& 1y thuyét vé xir Iy anh va tri tué nhén tao (AI)

Tur thap nién 1990 téi nay, cong nghé xir Iy anh phat trién khong ngimg va
dugc Gmg dung trong nhiéu linh vuc khac nhau nhu co dién ti, thién vin hoc, y té,
sinh vat hoc, néng nghiép, vat 1y, dia 1y, nhan ching hoc... Quan sat va ling nghe 13
hai cong cu quan trong dé con ngudi nhan thirc va xir 1y v6i thé gidi bén ngoai, do
vay cong nghé xu 1y anh s6 ¢ nhiéu kha ning tmg dung, khong chi trong khoa hoc,
ky thuat ma ngay trong moi hoat dong khéac ctia con nguoi.

Xir Iy anh [3]: 14 mot phan nganh trong xir 1y anh sd tin hiéu (Digital image
processing) véi tin hiéu xir 1y 1a anh. Pay 1 mot phan nganh khoa hoc mdi rat phat
trién trong nhitng nim gan day. X Iy 4nh gém 4 linh vuyc chinh: xir Iy nang cao chat
lugng anh, nhan dang anh, nén anh va truy van anh. La mot trong nhiing cong nghé
dung cac cong cu thanh mot hé théng duoc ing dung rong rai hién nay trong nhiéu linh
vuc khoa hoc va doi séng xa hoi. Xtr Iy anh khong chi dimg lai ¢ viéc xir Iy nhiing hinh
anh nhu vét hu hong, tai ché va phuc hoéi cac anh cii ma ngiy nay cong nghé xir Iy anh
da mang lai nhiing tién bo vuot bac nhu nhan dang van tay, nhan dang khuén mat, nhan
dang d6i turong, phan loai ddi twong khi xtr Iy anh két hop véi tri tué nhan tao.

Mot anh dugc xac dinh 12 mot ham khong gian hai chiéu f{x,y), trong d6 x va
y 1a vi tri toa do trong khong gian, thuong goi 1a mot diém anh (pixel), va do 16n cua
ftai bat ky cap diém (x, y) nao duogc goi 1a d6 sang (intensity) hodc mirc d6 xam (gray

level) ctia anh tai diém do.



K¥ thuat xur Iy anh bao gém: Thu nhdn danh; Loc va cdi thién danh (khir nhiéu
hé théng hodc ngau nhién), Bo loc mién khong gian (loc trung binh - Mean/Average
filter; Loc trung vi - Median filter); Bo loc trong mién tan sd: loc déng hinh
(Homomorphie Filter) hodc loc théng thap va loc thong cao); Xit Iy dnh mau (khong
gian mau RGB hodc khong gian mau CIE); Xu [y hinh thdi hoc (x 1y anh hinh thai
hoc dua trén cdu tric va hinh dang, dung cac tinh toan hinh thai co ban dé lam don
gian anh nhung van giir lai nhirg déc trung chinh). Tét ca cac thao tac xir Iy hinh thai
hoc déu dua trén hai y tuong cé ban (Fit: Tt ca cac diém anh nam trén phan tir cAu
tric che phu tat ca cac diém anh trén anh; Hit: Diém anh bét ki trén phan tir cau tric
che phu mot diém anh trén anh; Phép co gidn anh nhi phdn: Phép gian anh (Dilation)
hodc phép co anh (Erosion); Phép dong va mo anh nhi phdn: Phép md anh va phép
doéng anh 1a hai phép toan dugc mo rong tir hai phép todn hinh thai co ban la phép co
va phép gian anh nhi phan. Phép mé anh thuong lam tron bién ciia d6i twong trong
anh, nhu loai bo nhitng phan nhé ra c6 kich thudc nho. Phép dong anh ciing tuong tu
lam tron bién ctia ddi tuong trong anh nhung nguoc véi phép mé); Phdn doan danh
(phan doan anh dya trén ngudng, phan doan anh dya trén bién va phan doan anh dua

trén vung) va co so tri thuc (Hinh 1.2).

Thu nhin Tién xir Phén doan Biéu dién Nhian dang
anh 1y anh anh vamd ta va ndi suy

il

Co sd tri thirc

Hinh 1.2. So d6 cac bude co ban trong xir Iy anh
Thi gidc may tinh (Computer vision) [4]: con dugc goi thi gidc may, 1a su
dung camera thu nhan hinh anh tir thyc té, sau d6 sir dung may tinh ty dong phan tich
anh. Qua d6 nhan biét cac ddi tugng, miéu ta canh vat hoic tién hanh diéu khién hoat
dong hé thong theo mot sé dir kién yéu cau nao d6. Pay 1a linh vuc khoa hoc va ki
thuat nghién ciru diing may tinh mo phong bé ngoai sinh vat hoic cong ning thi giac

vi mo. Thi gidc may tinh l1a sy két hop cua nhiéu linh vuc, nhiéu nganh hoc nhu toan,



ly, Al than kinh, tam 1y, xtr Iy anh va cé qua trinh phat trién hon 50 nim qua. Theo
su phat trién cia may tinh, cong nghé xur 1y anh, 1y thuyét diéu khién, Al da dua thi
gidc may tinh (mg dung trong ngudi may, kiém tra va do ludng cong nghiép, phan
biét vat thé, hinh anh vé tinh, chan doan y khoa, k¥ thuat quan sy, hang khong va vil
try. Phuong phap nghién ctru cling tir 2D chuyén sang 3D, tir tuan ty dén song song,
tir tryc tiép dya vao tin hiéu thu nhan qua xur 1y tang thap téi xtr Iy ting cao dua vao
dac trung, két cau, quan hé va tri thuc.

Céu tao hé thong thi giac may tinh thong thuong dugc biéu dién nhu Hink 1.3.
May quay CCD ghi lai ddi tugng can nhan biét va phan tich dudi dang hinh anh. Bo
phan thu nhan hinh anh c6 thé hoat dong doc 1ap hodc dugc ga‘in truc tiép trong may
tinh & dang card thu nhan hinh anh c6 thé chuyén tin hiéu dién cua may quay CCD
thanh tin hiéu sb, s6 hoa hinh anh dé may tinh tién hanh xtr Iy cac yéu cau. Hé théng
chiéu sang cho phép nang cao d6 chiéu sang pht hop hinh anh thu nhan dugc, lam

loi cho xtr ly va phan tich hinh anh.

Dén chiéu
sang
May quay 4 B§ phén thu May tinh San phim
CcCD nhin hinh dnh va bd xir ly déu ra
San phim
dau vao

Hinh 1.3. So d0 ciu tao h¢ thong thi giac may
Tri tué nhan tao (AI) [5]: hay con goi 1a tri thong minh nhan tao: 1a tri tu¢ duoc
biéu dién boi bat ctr mot hé théng do con ngudi tao ra. Al ding dé nédi dén cac may
tinh ¢6 muc dich xtr Iy da chtrc ning va nganh khoa hoc nghién ctru vé céc 1y thuyét va
ung dung cua Al. Al lién quan dén cach cu xu, sy hoc hoi va kha nang thich ung thong
minh ciia may moc. Ung dung bao gém cac tac vu diéu khién, lap ké hoach va 1ap lich,
kha nang tra 10i cac cAu hoi vé chan doan bénh, tra 161 khach hang vé cc san pham cua

mdt cong ty, nhan dang chit viét tay, nhan dang tiéng ndi va khuén mat. Al cung cép 161



giai cho cac van dé ctia khoa hoc va cudc séng thuc té. Ngay nay, cac hé théng nhan tao
duoc dung thuong xuyén trong kinh té, y duogc, cic nganh k¥ thuat va quén su. Al chia
thanh hai truong phai tu duy: Al truyén théng va Tri tué tinh toan.

Al truyén thong hau nhur bao gdm cac phuong phap hién duoc phan loai 1a cac
phuwong phdap may hoc (machine learning), dac trung bdi hé hinh thirc (formalism)
va phan tich thong ké. Al truyén thong con duoc biét véi cac tén AI biéu twong, Al logic,
AI ngan ndp (neat Al) va Al c6 dién (Classical Artificial Intelligence). Cac phuong phap
chinh gém co6: Hé chuyén gia (ap dung cc kha ning suy luan dé dat toi mot két luan.
Mot hé chuyén gia c6 thé xir y cac lugng 16n thong tin di biét va dua ra cac két luan dua
trén cac thong tin d6); Lap ludn theo tinh hudng va mang Bayes.

Tri tu€ tinh toan nghién ctru viéc hoc hoac phat trién 1ap (nhu tinh chinh tham
sO trong hé thong, chang han hé thong két nbi lién déi (connectionist). Viéc hoc dya
trén dir liéu kinh nghiém va c6 quan h¢ véi Al phi ky hi€u, A7 Ion xon (scrufty Al)
va tinh todn mém (soft computing). Cac phuong phap chinh gdm c6: Mang neuron,
céc hé thong manh vé nhdn dang madu (pattern recognition); Hé mo (Fuzzy system):
cac k¥ thuat suy luan khong chic chin, da duoc su dung rong rai trong cac h¢ théng
cong nghiép hién dai va cac hé théng quan 1y san pham tiéu dung; Tinh todn tién
héa (Evolutionary computation): mg dung cac khai niém sinh hoc nhu quan thé, bién
di va dau tranh sinh ton dé sinh cac 10i giai ngay cang tot hon cho bai toan. Cac
phuong phap nay thuong duoc chia thanh cac thudt todn tién héa (vi du thuat toan
gien) va tri tué bdy dan (swarm intelligence) chéng han hé kién; AI dwa hanh
vi (Behavior based Al): mot phuong phap mo-dun dé xay dung cac hé thong Al bang tay.

Cac nha khoa hoc di nghién ciru cac hé thong théng minh lai (hybrid
intelligent system), trong d6 két hop hai truong phai nay. Céc luat suy dién cua hé
chuyén gia co thé duoc sinh boi mang no-ron hodc céc luqgt dan xudt (production rule)
tir viéc hoc theo théng ké nhu trong kién traic ACT-R.

Céc bai toan dién hinh 4p dung cac phuong phap Al: Nhdn dang mdu, nhin
dang chit cdi quang hoc (optical character recognition), nhan dang chit viét tay, nhan

dang tiéng noi va nhan dang khudén mat; Xir 1y ngon ngit tw nhién, Dich tir déng (dich



may) va Chatterbot; Diéu khién phi tuyén va Robotics; Thi giac may tinh, Thyc tai
a0 va Xur 1y anh; Ly thuyét tro choi va Lip ké hoach (Strategic planning); Trd choi
Al va Tro choi trén may tinh Bot.

Céc linh vyc khac ung dung cac phuong phap Al: Ty dong hoa, dién toan cam
ung sinh hoc; Diéu khién hoc; Hé théng thong minh lai; Diéu khién thong minh; Suy
dién tu dong; Khai phé dir 1iéu; Nguoi may nhén thuc; Nguoi may phat trién; Nguoi
may tién hoa; Nguoi may noi chuyén.

Ngoai cac co so 1y thuyét vé xir Iy anh, thi gidc may va Al cac tai liéu lién
quan dén qua trinh nghién ctru hé thong phan loai ing dung diéu khién hay tu dong
hoa trong cac day chuyén hién dai ciing dugc dé cap o day [6,7].

Tiéu chi dé danh gia chit lwong clia ndng san: hinh dang, mau sic, két ciu,
Kkhuyét tat trén bé mit nong san, chét luong bén trong (Bdng 1.1).

Bang 1.1. Tiéu chi dé danh gia chit luong ctia néng san [8]

Kich thudc (trong lugng, khéi lugng, kich thudc dai ngén)
Hinh dang (duong kinh, dd sau, hinh dang)
Mau sic (tinh déng déu, cuong do dam nhat)

Panh gia
bén ngoai

Két cau (d0 min, tho, phéng)

Khuyét tat (Vét thuong, bi sau duc, co6 dém, 15 héng, cuéng)

Mui vi (ngot ngao, c6 mui chua, c6 mui chat, huong thom)

Dic tinh (sén chéc, tinh chit don, nhiéu nuéc)

Panh gia
bén trong

Dinh dudng (Carbohydrate, dam, vitamin, céc chét dinh dudng khéc)

Bé ngoai 1a mot thudc tinh chat lwong rit quan trong cua cic loai néng san va
rau qua, c6 thé anh huong khong chi c¢6 gia tri trén thi truong, so thich va sy lya chon
ctia ngudi tiéu ding nhung ciing danh gia chat luong bén trong & mot murc dd ndo. Chat
luong bén ngoai cua cac loai ndng san va rau qua ndi chung duge dénh gia bang cach
xem xét mau sac, két cau, kich thudc, hinh dang cling nhu nhitng khiém khuyét. Kiém
tra chat lugng bén ngoai clia ndng san va rau qua bang tay ton thoi gian va doi hoi lao
dong 1am viéc chuyén mon. Trong nhitng thap ky qua, hé théng may tinh quan sat, bao
gdm cé hé thdng truyén thdng, hé théng may tinh thi gidc quang hoc, va hé théng xir

Iy anh da phd, da duoc sir dung rong rai trong nganh cong nghiép thuc pham, va dugc



chung minh 1a cong cu khoa hoc va manh mé cho viéc kiém tra chat luong tu dong bén
ngoai thyc pham va cac san pham ndéng nghiép. Nhiéu nghién ctru dya trén hinh anh
khong gian hodc xir Iy hinh anh quang pho va phan tich da dugc cong bo.

1.1.2. Chi tiéu danh gia chat hrong trai xoai theo tiéu chuin qudc gia va qudc té
(Viet GAP, Global GAP) Codex Stan 184-1993 (tiéu chuin 2005) va Unece
Standard FFV-45 (tiéu chuan 2012)

Chién luoc phat trién khoa hoc va cong nghé Viét Nam giai doan 2011-2020
d3 duogc chinh pha Viét Nam phé duyét vao nam 2012, Quyét dinh s6 418/QD-TTg,
trong do khéng dinh viéc nghién curu, tng dung cong nghé tién tién, hién dai va dua
ra cac giai phap toi vu, phi hgp dé phat trién qua trinh san xuat va xuat khau noéng
san, gop phan xay dung cac thuong hiéu manh cho cac san pham nong san xuat khau
cua Viét Nam [9], trong do trai xoai xuét khau nam trong danh muc nong san dac biét
chu trong.

Pong Thap 14 tinh c6 dién tich trong xoai nhiéu nhat PBSCL véi 9.03 1ha nim
2013. Trong d6, dién tich trong xoai cat Hoa Loc chiém 30% trong tong dién tich
tréng xoai ctia tinh Pong Thap. Nong dan trong xoai c6 nhiéu kinh nghiém san xuét,
mg dung thanh cong k¥ thuat xir 1y ra hoa trdi vu vi thé mua vu thu hoach xoai 14
quanh ndm. Tuy nhién, viéc dau tu thyuc hién phan loai nguyén li¢u céc loai 1a rat 16m,
khoang 100 ty déng/nam (mot ngudi phan loai xoai thanh pham khoang tir 40 - 80
ky/ngay tuong duong khoang 100.000 vnd/ngay). Ngoai sé lwong nhan cong va gid
lam rat 16n dé phan loai sb lugng xo0ai duoc tinh vao khang 2750 cong lam/nim (mdi
nhan cong lam 8 gid/ngay) thi sy anh hudng vé strc khoe con nguoi khi phan loai
xo0ai 1a khong tranh khoi.
1.1.2.1. Pham vi ap dung: Tiéu chuan nay 4p dung cho cac gidng xoai thuwong pham,
c6 tén khoa hoc 1a Mangifera indica L., thudc ho Anacardiaceae, dugc tiéu thy dudi
dang trai tuoi, sau khi da duoc xir Iy so bo va dong goi. Tiéu chuan nay khong ap
dung cho xoai dung cho qua trinh ché bién cong nghiép.

Yéu cau chit lwong (dua theo tiéu chuan Global GAP va [8]): Yéu cau tdi

thiéu, ity theo cac yéu cau cu thé cho tirng hang va dung sai cho phép, tit ca cac hang



xo0ai phai: Nguyén ven; Lanh 1an (khong bi dép néat hodc hu hong, khong thich hop
cho str dung); Sach (khong c6 tap chat la nhin thdy bang mat thuong); Khong bi hu
hai boi sau bénh; Khong bi am bat thuong ¢ ngoai vo, trir khi vira méi dua ra tu thiét
bi bao quan lanh; Khong c6 bat ky mui va/hodc vi la; Thit tréi chic; Mau trai twoi;
Khoéng bi hu hong do nhiét do thép; Khoéng c6 cac vét den hodc cac chim den; Khong
bi tham; Phat trién ddy du va c6 do chin thich hop [13-14]). Néu trai ¢ cubng thi
cubng khong dugc dai hon 1.0 cm.

Tiép tuc qua trinh chin cho dén khi dat duoc d6 chin thich hop tuwong ting vai
cac dac tinh cua giéng; Chiu duoc van chuyén va xu ly; Pén duoc noi tiéu thu véi
trang thai tot [13-14]; Mau sac thé hién do chin co thé thay doi theo gidng.

Phén hang: Xoai dugc phan thanh ba hang: Hang “ddc biét” (xoai thudc hang
nay phai c6 chét lugng cao nhat. Chiing phai dic trung cho gidng, khong dugc co cac
khuyét tat, trir cac khuyét tat rat nhe khong anh hudng tdi ma trai, chét lugng va su
duy tri chat luong cling nhu viée trinh bay cua san pham trén bao bi). Hang I (xoai
thudc hang ndy phai c¢6 chét luong t6t. Chiing phai dic trung cho giéng, cho phép co
cac khuyét tat nhe, mién 1a khong anh hudng téi ma trai, chét lugng, su duy tri chét
luong va cach trinh bay cta san pham trén bao bi: Khuyét tat nhe vé hinh dang trai;
Khuyét tat nhe trén vo do bi chay néng hodc xudc, cac vét ban do nhua tiét ra (ké ca
vach dai) va vét tham khong 16n hon 3 cm?, 4 cm® va 5 cm? twong ting voi cac nhom
kich ¢& A, B va C. Hang II (x0ai thudc hang nay khong dap tng dugc cic yéu cau
trong cac hang cao hon nhung phai dap tmg dugc cac yéu cau téi thiéu qui dinh. Co
thé cho phép trai xoai c6 cac khuyét tat v6i diéu kién van dam bao dugc cac dic tinh
co ban lién quan dén chat lugong, viéc duy tri chét lugng va cach trinh bay cua san
pham. Khuyét tat vé hinh dang; Khuyét tat vo do bi chdy ning hoic xudc, cic vét ban
do nhura tiét ra (ké ca vach dai) va vét tham khong 16n hon 5 cm?, 6 cm? va 7 cm?
twong ung voi cac nhom kich ¢ A, B va C. O hang I va II, dugc phép 1an cac mang
bac mau ciing nhu mau vang ctia gidng xoai xanh do bi tiép xuc truc tiép véi anh
néng mat troi, nhung khong dugc vuot qua 40 % bé mit trai va khong co6 cac dau hiéu

cua sy hu hong.
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Yéu céu vé kich c& (Tiéu chuin Global GAP): Kich c& dugc xac dinh theo
khéi lugng trai, duge quy dinh trong bang (Bdng 1.2).
Béng 1.2. Kich ¢& x0ai dugc xac dinh theo khdi luong tréi [8]

Mi kich ¢& | Khdi lwgng (gram)
A tir 200 dén 350
B tir 351 dén 550
C tir 551 dén 800

Su khéc biét cho phép tbi da giita cac trai trong cling mot bao goéi thudc mot
hodc cac nhom kich ¢& & trén phai 1a 75g, 100 g va 125g twong tng. Khbi luong tdi
thiéu cua trai xoai khong dugc nho hon 200g.

Yéu cau vé dung sai: Cho phép dung sai vé chit luong va kich ¢& trong mdi
bao bi d6i v6i san pham khong thoa man cac yéu cau cia mdi hang quy dinh.

Dung sai vé chit lwong: Hang “dic bigt” (Cho phép 5% sd luong hodc khi
luong trai xoai khong dap tng yéu cau ciia hang “dic biét”, nhung dat chat luong
hang I hodc nam trong giéi han dung sai ctia hang d6). Hang I (Cho phép 10% sd
luong hoic khéi luong trai xoai khong dap Gmg yéu cau cua hang I, nhung dat chét
luong hang II hodc ndm trong gidi han dung sai cua hang d6). Hang II (Cho phép
10% sd lwong hodc khéi luong trai xoai khong dap tmg yéu cu cta hang II ciing nhu
cac yéu cau tdi thiéu, nhung khong chua trai bi thdi hodc bat ky hu hong nao khac
khong thich hop cho viéc str dung).

Bang 1.3. Dai kich c¢& khéi luong xoai [8]

Ma Dai kich co Dai kich c& cho phép Sai khac cho phép
kich chuin (< 10 % trai/bao gobi vuret | toi da gitra cAc trai
co qua dai kich ¢& chuin) | trong mdi bao géi
A | tr 200 dén 350 tir 180 dén 425 112,5
B | tir351 dén 550 tir 251 dén 650 150
C | tir551 dén 800 tir 426 dén 925 187,5

Dung sai vé kich c&: D6i voi tat ca cac hang, cho phép 10% s6 luong hoic
khéi luong céc trai (cao hon va/hodc thap hon) trong mdi bao goi duoc nam ngoai dai
kich ¢& ctia hang v&i 50% sai khac toi da cho phép dbi v6i nhom d6. Trong dai kich
c¢& nho nhat, khdi lugng xoai khong dugc phép nho hon 180 g va ddi véi loai trong
dai kich c& 16n nhat khéi lwong t6i da 925 g co thé ap dung (Bdng 1.3).
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Yéu cau vé cach trinh bay: P dong déu; Bao goi, bao bi; Ghi nhan; Chat
nhiém ban; Vé sinh.
1.1.2.2. Khii quat van dé phan loai nong sin

Trong qua trinh san xut va ché bién néng san, phan loai nong san 1a mot trong
nhirng khau quan trong nhat hién nay. Cac budc co ban ctia quy trinh phén loai duoc
trinh bay (Hinh 1.4): Nguyén liéu tho dang trdi duoc cho vao hé théng phén loai.
Trong hé thong, diy chuyén phan loai co khi cing véi cong nghé xur 1y anh két hop
tu dong hoa hodc ban tu dong (Al), ndng san tir dang trai s€ dugc phan loai theo kich
thudc, trong lugng va mau sic. Thong qua cic chuyén dong ctia cac bd phan quan sat
(camera), b0 phan sang (sang loc co), cac cam bién s& phan loai nong san theo trinh
tir. Qu4 trinh phén loai dién ra lién tuc khi nguyén vat liéu dugc cho vao hé théng dén

khi két thic.

: Hé théng xir 1y :
San phim bing tai, ddéng co, Xir 1y anh két San phim
diu vao cam bién, may anh, hop tir ddng hod B diu ra
may tinh...

Hinh 1.4. So d6 hé thong phan loai néng san

Song song v&i qua trinh phét trién cac hé thong phan loai nong san, cac khuyét
diém trong quy trinh phan loai ciing s& xuat hién ngay cang nhiéu. Hién nay, cac
khuyét diém thuong gip trong qua trinh niy 1a chua nhan biét chinh xac vé kich
thudc, trong lugng, mau sdc... hoac khong phan loai hi¢u qua tdi da, hodc khong
phan loai dugc ndng san, dac bi¢t 1a véi trai xoai. Do do, trong linh vuc nghién ciu
cac hé théng phan loai, cac nghién ciru trong nhitng nam gan day chii yéu tap trung
vao cac hudng chinh:

Tai Viét Nam: cc nghién ciru tap trung vao phét trién cac loai nong san, cac hé théng
diéu khién tir dong khac nhau ¢ nhiéu linh vyc, trong d6 ¢ phan loai néng san [10-22].

Trén thé gidi [23-108]: Nghién ctru cac hé thong phan loai, nang cao tinh chinh
xac cta hé thdng phan loai ndng san véi cac két cau cong nghé cao; Nghién ciru két
cAu, vat liéu, cac chi tiét ché tao hé théng phan loai nong san; Tdi vu héa diéu kién

phéan loai nong san.
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Trong cac huéng nghién ciru trén, cac dé tai vé nghién ciru hé thong phan loai
ma&i nhu phan loai mau sdc ndng san, phan loai hat dau, ca phé, diéu, ca chua, to...
duoc thuc hién tai cac nudc phat trién nhu My, Chau Au, Nhat... do diéu kién co s&
vat chét, cling nhu céc trang thiét bj hién dai. Nguoc lai, nghién ctru két cau va vat
lidu ché tao hé thong, tdi wu hoa diéu kién phan loai duoc cac nude nhu Trung Qudc,
Pai Loan, Thai Lan cha y do nhu cau san xuét tir cic viung néng nghiép cho phép
huéng nghién ctru nay phat trién manh.

Vi diéu kién san xuat va nhu cau cai tién cong nghé nhu Viét Nam, da sb cac
cong ty san xuat hoat dong trén co sé nhan hop dong san xuat tir phia khach hang véi
céc yéu cau vé phan loai, chit lugng san pham, ning suat. Do d6, viéc thay doi, cai
tién cac hé thong, hodc ing dung cac qui trinh phan loai mdi vao san xuét s& khong
mang tinh kha thi cao. Vi vay, tai Viét Nam, huéng nghién ctru vé hé thong phan loai
moi hodc cai tién cac diéu kién phan loai nong san 1a mot trong nhitng huéng nghién
ctru kha thi va hiéu qua nhat hién nay.

Trong cac nghién ctru vé diéu kién phan loai nong san, cac thong sé vé kich
thudc, trong lugng, mau sac thuong cé anh hudng 16n dén quy trinh phan loai ciing
nhu chit lugng san pham. Trong dé, kich thudc ndng san thuong duoc nha san xuat
qui dinh trong khoang cho phép. Do d6, day gan nhu 13 thong sé rat kho thay doi.
Nguoc lai, trong lugng 1a yéu td it anh huong hon.

Nhu vay, v6i phan tich nhu trén, quy trinh phan loai nong san truyén thong
dugc dé xuat thém phan xtr Iy anh két hop cong nghé tu dong hodc ban ty dong nham
tang kha nang xtr Iy phan loai 1én muc cao hon. Ngoai viéc nang cao kha nang phan
loai san pham, t6i uu hoéa qua trinh phan loai 1a mot trong nhiing cach hiéu qua nhat
nhim nang cao chat luong san pham néng san. Nhin chung, néu kha nang phan loai
cao s& thuan loi hon trong qua trinh san xuat nong san, va trong hau hét cac truong
hop, chét lugng san pham sé& duoc cai thién dang ké. Tuy nhién, néu ting cic bd phan
cong nghé cao, qua trinh nghién ciru va ché tao s& kho khian, tén nhiéu thoi gian va
gia trj kinh té, gia thanh san pham ciing s& gia ting. Vi vdy, muc tiéu quan trong cta
qua trinh diéu khién hé thong phan loai néng san 1a nghién ctru “hé thong phdn logi
néng san hiéu sudt, ndng sudt cao theo yéu cau, nhung van dam bao phdn logi tot va

chi phi kinh té khéng cao”.
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1.1.3. Tinh hinh nghién ctru trong nwéec

Pé tang ning suit, san xuat hiéu qua va giam gia thanh san pham 1a yéu t6
sdng con ciia mot doanh nghiép. Viéc tng dung cong nghé cao va mdi vao hoat dong
san xuat 1 bude di can thiét cua cac doanh nghiép trong nudc dé phat trién khoa hoc
cong nghé ¢ Viét Nam. Vi¢c ung dung tu dong hoa vao trong cong nghi€p dac biét 1a
cong nghiép san xuat va ché bién néng san vo cung can thiét. Hién tai Viét Nam hau
nhu chua c6 don vi nao tng dung cong nghé xir 1y anh két hop Al vao qué trinh san
Xuét va phan loai nong san do giad thanh cao tir viéc nhap khau thiét bi, may moc cua
nudc ngoai. Viée tmg dung cong nghé niy vao trong cac day chuyén san xut phan
loai ndng san 1a yéu t thiét thuc ma cac doanh nghiép phai lam.

Céc nghién ciru dién hinh trong nudc vé xir 1y anh, thi gidc may tinh va mang
than kinh nhan tao, dic biét 1a phéan loai nong san, cling nhu nghién ctru vé x0ai:

Nghién ctru phdn tich chudi gid tri xoai Cat Chu (Mangifera Indica) tinh
Dong Thdp cia Truwong Hong, Vo Tuian Kiét, Dwong Ngoc Thanh, Tir Thi Kim
Trang va Tran Hoang Khoa [10] va nghién ctru Phén tich chubi gid tri xodi Cat
Hoa Léc (Mangifera Indica) tinh Pong Thdp cia Trwong Hong, Vé Tuan Kiét,
Duong Ngoc Thanh [11]. Trong hai nghién ctru nay st dung phwong phap tiép can
cua Kaplinsky & Morris (2000), Recklies (2001), Eschborn GTZ (2007), M4P
(2007), V5 Thi Thanh Loc va Nguyén Pha Son (2013) dé phan tich sy van hanh cta
chudi gia tri xoai Cat Chu va Cat Hoa Loc tinh Pong Thap. Két qua cho thiy qui mé
san xudt ciia nong dan nho 1¢, chwa thé tap trung san xuat dong loat voi muc tiéu thu
san pham xoai 16n.

Nghién ctru xdy dwng quy trinh cong nghé ché bién xodi 6 Khdnh Hod cia
Pinh Ngoc Loan [12]. Nghién ctu thyc hién xdy dung mdt quy trinh cong nghé
khoa hoc dé ché bién xoai cho hop 1y, rit ngan thoi gian ché bién xoai, giam chi phi
va tang hiéu qua san xut.

Nghién ctru diéu tra hién trang xir Iy trdi xoai sau thu hoach ciia néng din
& huyén Cao Lanh, tinh Péng Thdp cia Nguyén Thanh Tai, Nguyén Bao Vé [13].
Nghién ciru khao sat va diéu tra, danh gia hién trang xir Iy xoai sau khi thu hoach cta

ndng dan, tr d6 rat ra dugc tinh hi¢u qua tmg dung cong ngh¢ xtr Iy xoai sau thu hoach.
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Nghién ctru nghién citu chuéi gid tri xodi viing dong bang séng Citu Long
cita Trinh Pire Tri, Vé Thi Thanh Loc [14]. Nghién ctru x4c dinh chudi gid tri xoai
dang san xuét va tiéu thu tai PBSCL, tir 36 dua ra cac dé xudt hiéu qua cho vi¢c xac
dinh gia tri cia gidng xoai ciia ving va hudng phat trién cho loai xoai cling nhu gia
tri ting truong trong thuong mai.

Nghién ctru tong hop co sé Iy thuyét va thwe nghiém phén tich khéng phd
huy trdi xodi bang phwong phdp va ddp nhe cia Vé Minh Tri, Vé Tan Thanh
[15]. Két qua thuc nghiém cho thdy phwong phap va dap nhe hoan toan c6 thé ding
dé do d6 clmg cuia trai xoai. Pay 1a co s¢ cho viéc xay dung mét hé thong phan loai
tur ddng phuc vu cho viéc cung cap thong tin cho van dé ton trir, van chuyén hay tiéu
thu loai trai cay nay.

Nghién ctru nhdn dang khuyét diém trén vé trdi xodi siv dung kj thudt xir Iy
dnh cia Truwong Qudc Bao, Nguyén Vin Virng [16]. Két qua nghién ctru di trinh
bay giai thuat phat hién va nhan dang mot s6 khiém khuyét trén bé mat trai xoai
(khuyét diém bén ngoai vo) bang k¥ thuat xu 1y anh va mdy hoc nhan dang. Str dung
giai thuat phan doan anh Vally-Emphasis va két qua nhan dang khuyét diém trén mat

trai xoai dat dugc 92 % va thoi gian nhan dang 7s cho mdt khung hinh (Hinh 1.5).

b)

Hinh 1.5. Két qua nhan dang khuyét diém trén mat trai xoai [16]
a) Xac dinh cac vung ung vién; b) Cac vung ung vién chira khuyét diem

Vi két qua nghién ctru trén thi phuong phap sir dung nhan dang c6 tinh kha

thi nhung hiéu qua chua cao (nhan dang 92% khuyét diém) va phuong phap sir dung
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tap dit liéu ban dau con it va han ché. Pé xuit phat trién phuong phap nay véi viee
nang cao tinh chinh xac (bo dir liéu anh, chiét xuat hinh anh va hé thong xu 1y) hoic
xay dung phuong phéap khac c6 do chinh xac cao hon.

Nghién ctru nghién civu thiét ké mé hinh mdy phén loai khoai tiy c6 iing
dung cong nghé xir Iy dnh hwéng trong nhin dang phéin logi cia Nguyén Lé
Twong, Nguyén Vin Hung [17]. Két qua nghién ctru nay 1a xay dung cong nghé
nhan dang cu khoai tiy dua trén kich thudc va mau sac sir dung cong nghé xir Iy anh
v6i chat lugng tuong duong trong khi nang suat va do tin cay duogc cai tién dang ké
so voi phan loai thu cong (Bang 1.4).

Bang 1.4. Khao nghiém két qua phan loai khoai tiy qua webcam [17]

Kich e < N ;
s Ti 1§ Kich Chat Két
Z thudc do 5 . 2
Lan R hu Két qua thudc Iugng qua Nguyén Ming
(ols hong  hién thj that cu thue thue nhan truot 1
pixel- . ; 3
(%) (mm) té té
mm)
1 198,9 7.61 Nhéan 198 Tot Nhan Pong
2 211,7 8,03 Nhin 212 Tot Nhan Pong
3 192,7 9,562 Nhin 200 Tot Nhan Poéng
4 196,4 6,23 Nhan 197 Tot Nhin Déng
2 3 Vo cu bj .
I3 p 3
5 190.4 15,03 Loai 191 ohin Loai Mo
6 186,0 37,65 Loai 197 Tot Nhin Vitrica Ma
213,8 13.06  Loai 225 T&t Nhgn VIS M
7 khoai
8 197.5 3,13 Nhéin 198 Tot Nhan Dong

Nghién ciru da thiét ké, ché tao va thi nghiém mé hinh phén loai khoai tay tng
dung xur Iy anh dé nhan dang va phan loai dat 92%, khoai tay khong bi trﬁy xudc va
dap nat véi toc do va thoi gian xir 1y anh dat hon 0,3 s/ cii. Tuy nhién, nghién ctru chi
dung lai & muc thi nghiém moé hinh chua trién khai ung dung thyc nghiém. Tbc do
va nang suat phan loai twong ddi chua cao, cac thong sb toc do bang tai, tin hiéu xur
Iy hinh anh ding webcam con nhiéu han ché, co cu chap hanh chua nhay so véi tin
hiéu dau vao. Pé xuat thay doi tin hiéu xur Iy dau vao ding camera chat luong tot hon
dé khir nhiéu, nang cao co ché chap hanh dé thay déi toc do xir Iy va nang cao hiéu suat
phan loai.

Nghién ctru phdt trién thudt todn xiv Iy danh dé phdt hién va wéc lwong

khodng cdch tivr hé camera dén tam trdi ca chua chin trén cdy cia Truong Quoc
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Bio, Nguyén Minh Luén, Quach Tuin Vin [18]. Nghién ciru ndy dé xuat mot giai
thuat xtr Iy anh méi dé nhan dang va dinh vi qua ca chua chin trén cay dong thoi ude
luong khoang cach tir hai camera dén tdm cua trai. Thut toan bao gom céac buéc
chinh: phan doan anh, gan nhan, loc kich thudc, xac dinh dudong bién cho cac ving
ung vién la qua ca chua chin, rut trich cac dac trung hinh dang dé dinh vi qua ca chua

chin trén cdy va cudi cung l1a udc lugng khoang cach stir dung hé 2 camera.

d e

i Hinh 1.6. Két qua nhan dang qua ca chua can thu hoach [18]
a) Anh goc; b) Anh phan doan; c) Aph gan nhan va loc k1:ch thudc; d) Anh xac dinh chu vi
va udc lugng tam ung vién; e) Anh xac dinh tdm; f) Anh xac dinh tdm va ban kinh

Thuyc nghiém dugc tién hanh trén tap dit liéu 100 anh thyc nghiém véi 244 qua ca
chua chin can nhan dang (Hinh 1.6). D6 chinh x4c cta phuong phéap duoc dé nghi 13 96.7%
d6i v6i phuong phap nhan dang dua trén mit phing két tia mau r-g va 88.9% ddi véi
phuong phéap phan tich mau sac (Bdng 1.5).

Céc két qua thyc nghiém va so sanh d6 chinh xac cia phuong phap cho thiy
phuong phap m3t phing két tia mau R-G két hop v6i ki thuat phan tich hinh dang 13
cho két qua cao nhat (96.7%). Vi viy, c6 thé ap dung cho bai toan nhan dang, dinh vi
vi tri va u6c lugng khoang cach tir hai camera quan sat dén qua ca chua chin trén cay.
Tuy nhién, bo dir lidu vé sd lugng anh chua nhiéu va hiéu qua nhan vy ciing chua
cao. D& xuat, phuong phap cai tién giai thuat dé giam thoi gian xir 1y ciing nhu ting

hi€éu qua nhan dang hodc ung dung phuong phap nhan dang khac.



Biéng 1.5. Két qué so sanh tong hop do chinh x4c ctia 3 phuong phép nhan dang [18]

S0 lwgng anh 100
S6 lwgng qui cén nhin dang 244
. S6 qua di nhan dang 245

Ph“"?lg) PhEP g i nhan dang ding 236
Do chinh xdc (%) 96.7

. S0 qué dd nhan dang 221

P h“"?zg)l’hap $6 qua nhan dang ding 217
Pj chinh xic (%) 88.9

Phuong phép S6 qua di nhan dang 187
Hough Circle S6 qué nhén dang dting 175
(3) D§ chinh xéc (%) 71.7

Ngoai ra, cac nghién ctru [19-22] néi vé img dung xir 1y anh, thi gidc may tinh
va mang than kinh nhan tao st dung cho muc dich nghién ctru khac nhau ciing dugc
dé cap dén. Pién hinh gan day c6 Nghién ciru, thiét ké va ché tao mdy phdn loai xoai
ty dong cua Tran Trong Nghia [19] da tao ra md hinh phan loai xoai tgy dong theo
khéi luong di vao hoat dong dat nang suat kha cao 92 % va nghién ctru Hé thong
phan loai ca chua theo mau sdc sir dung PLC S7 - 1200 ciia Tran Khanh Hung, Hoang
Nhu Y [20] dem lai két qua kha quan vé phan loai néng san theo mau sic dat hiéu
sudt 86%. Cac nghién ctru ndy str dung cac phuong phap xir Iy anh, may hoc hay hay
mang than kinh nhén tao dé phat trién va tng dung chiing vao cac mat khic nhau cta
khoa hoc va doi song tai Viét Nam nhu y té, xay dung, néng nghiép, cong nghiép. Tir
d6, gop phan phat trién cac tng dung khoa hoc cong nghé cao vé viéc sir dung cong
nghé xir 1y anh va Al phuc vu cac nhu ciu phat trién thiét yéu.

Panh gia tinh hinh nghién ctru trong nudc: tong hop nhiing cong bd nghién ciru
va trién khai trong nuéc hién nay vé cong nghé xir Iy anh két hop Al dugc nghién ciru
chua nhiéu va cong bd chua rong rai, chua ung dung vao thyc té. Tuy nhién, c6 thé
nhan thay déu 14 nhitng nghién ctru, thiét ké dang may thyc hién cac tac vu nhu may
gia cong don gian, chi khong phai 14 thuc hién nhiing gia cong phtic tap nhu chuyén
dong chup anh sang loc, dat vat. Vé Al 1a su két hop gitta tng dung co khi hoa va ty
dong hoa, ing dung nay cho viéc giai quyét khau phan loai thi chwa c6 don vi nghién
clru ndo quan tim giai quyét nhitng vin dé rat co ban trong tinh toan hé thong, xac dinh

cac thong sd ciu trac va dong hoc t6i uru cho hé théng duoc thyc hién.
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Mot s6 nghién ciru vé hé thong diéu khién st dung vi xir Iy don gian 4p dung
trén mo hinh hé théng phén loai tu ché trong phong thi nghiém. Giai phap nay chi
phi hop cho mé hinh hé thong don gian trong phong thi nghiém, con chira nhiéu
khiém khuyét va khong c6 kha ning ap dung trong thuc té.

Nhu vay, can tim ra giai phap dé phat trién cac nghién ctru hién tai hodc tién
hanh cac nghién ctru méi, tng dung cac k¥ thuat, phuong phap khac nhau dé xay
dung quy trinh h¢ théng phan loai thyc nghi¢m, dac biét 1a vi¢c tng dung manh vé
cong ngh¢ xur ly anh va Al
1.1.4. Tinh hinh nghién ctru ngoai nwéc

Céc nghién ctru dudi ddy vé hé thong phan loai nong san duoc dé cap lién quan
dén linh vyc nghién ctru da thanh cong trong thi nghiém va da ung dung trong thyc
té mac du con han ché vé cac mat nhu toc do phan loai, mau sdc nong san, dac biét
ning suat phan loai cting v6i hinh dang cu tao nong san dang dugc nghién ctru khac
phuc, cac nghién ciru phai ké dén s& duoc trinh bay dudi day.

Nghién ctru Tim hiéu vé xir Iy hinh dnh mau bang thi gidc mdy tinh cho vit
liéu sinh hoc cia Ayman H. Amer Eissa and Ayman A. Abdel Khalik [23].

Front view Side view
lllumination system
/‘/ k*\

/ S |
\ @ ,-

| Softer ware
interface

Hinh 1.8. Hé thong phan cimg phat hién tao trong duong thang [23]
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Nghién ctru nay phat trién cac ky thuat thi gidc may tinh dua trén cac ky thuat
xu 1y hinh anh cho dy doan chét lugng cua trai cam va ca chua, va dé danh gia hiéu
qua cua cac k¥ thuat lién quan dén thudc tinh chat luong: kich thude, mau sdc, két cAu
va phat hién cac khuyét tat bén ngoai (Hinh 1.7). Nghién ctru da tong hop cac nghién
clru clia cac tic gia khac nhau, phan tich dwa ra wu nhugc diém cia timg nghién ctru va
phat trién cho nghién ciru ciia minh bao gém: xtr 1y anh, hé thong thi giac may tinh, k¥
thuat xir Iy mau sic, anh sang, cac phuong phap thiét ké mo hinh hé thong (Hinh 1.8).

Nghién ctru thugc tinh kich thwoc cua xoai dung xw ly dnh cta Tomas U.
Ganiron Jr [24]: Nghién ciru thyc nghiém nham phat trién mot thuat toan hiéu qua
dé phat hién va phan loai xoai. Str dung cac hinh anh thu duoc dé xac dinh cac tinh
ning ctia xoai va dé xac dinh cac 16p ciia xoai. Cac tinh ning cia xoai 1a chu vi, dién
tich, do tron va phén tram hu. B tron va phén tram hu da dugc su dung dé xac dinh
chat lugng ctia xoai dé xuat khau xoai chat luong. Nghién ciru quan trong gép phan

phat trién kién thirc m&i vé mo hinh xur 1y anh (Hinh 1.9).

Khéi diu
4
Anh thu duge Xide dinh chu vi
va di¢n tich
¥
May tinh chira gia l'
tri RGB va Cb Tinh d§ tron
|
Chon gid trj t6i wu ¥
cho nguéng Cb R Lz
Dém cde diém dnh
USB Interface A § S
Cahle Phiin khic hinh
inh Yo
Tinh % khuyét
4 diém
Do tinh cde canh
¥
1 Xic dinh chit
Loai bo cdc vung lugng va kich
khic thuée

L 4
@ Két thic

Hinh 1.9. Cac thiét 1ap thu nhan anh va luu d6 giai thuat [24]

Hé théng hién thi d6 sang mau sdc dugce su dung va gié tri mau dugc str dung
trong phan loai xoai. Céc thudt toan da dugc sur dung trong viéc xac dinh cho tit ca cac hinh

anh nhan duoc va cac budc ciia qué trinh xtr Iy hinh anh dén phéan doan cudi cting (Hink 1.10).
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Mot thuat toan phan tich hinh anh da duogc thuc hién dé do kich thudc, do tron,
va phan trim hu cta xodi. Cac thuat toan dua ra chinh xac phan doan xoai ngay ca
khi vi tri ctia xoai da thay doi. Tuy nhién, khong thé x4c dinh chinh xac loai x0ai vi
mau xoai ¢ thé 1 mau nau hodc mau xanh 14 cdy. Cac Pixel gc mau xanh 14 ciy

dugc phan loai 14 tot trong khi cac Pixel gbc mau nau dugc phan loai 13 hu.
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and region identification.
Hinh 1.10. Xt 1y anh trén xoai va mé hinh phén loai xoai dé xuat [24]

Nghién ctru hé thong phan loai trdi cdy tw dpng dwa trén cong nghé xir Iy anh
ciia Chandra Sekhar Nandi va cong su [25]: Hé thong dua trén xtr 1y anh két hgp may
tinh dé nhan dang diém va phan loai ty dong cic san pham ndng nghiép nhu xoai dya
trén murc d6 chin tréi. Dé day nhanh qua trinh ciing nhu duy tri tinh théng nhat, tinh dong
nhét va tinh chinh x4c, phan loai xoai ty dong dwa vao ky thuat xir 1y anh truyén thong
da duoc phat trién. Hé théng tu dong thu thap cac hinh anh video tir camera CCD dat
trén dau hé théng ctia mot vanh dai bang tai xoai, sau d6 hé thong xir Iy hinh anh dé thu
thap mot sb tinh ning co lién quan véi cac mirc d6 chin ciia xo0ai. Cudi cung cac thong
s0 clia 10p cat duoc udc tinh bang cach sir dung mé hinh hdn hop Gaussian cho sap xép
va phan loai tg dong. Sau khi tinh toan va danh gia viéc phan loai dugc thuc hién trén
mdt tap dir li€u thir nghiém, muc ti€u la tim ra mo hinh 16p trong d6 c6 mot xac suit
nghi¢m cudi ti da cho mét loat quan sat. g chinh x4c phan loai dugc st dung GMM
va do chinh x4c phan loai trung binh ctia bn gidng xoai (Bdng 1.6).

Ttr nhimg két qua thu duoc tir bang, cho thdy viéc thuc hién phan loai ty dong
la khé chinh x4c. Sy chinh xac 1a phu thudc vao hinh anh chup dugc, bi anh hudng

nhiéu bai cudng do anh sang moi trudng xung quanh. Phuong sai trong ham mat do
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X4c suat clia cac tinh ning xoai chi ra cac bién thé cho murc do chin cia mé hinh mau
x0ai. Phan loai sai xay ra khi mirc do chin khac nhau c6 mau sdc hoa vin tuong tu.
Trong mdt s6 truong hop, cac ky thuat tw dong dé khai thac cac tinh nang cia xoai
c6 thé khong dung trong viée thu thap céac tinh nang phu hop, khi cac bé mit cla xoai
bi 6 nhiém cao véi vét tray xudc va cac ban va 16i mau den.

Bang 1.6. Phan tich nang suit thu duoc [25]

M1 M2 M3 M4

Chiing loai | £ = £ = £ = £ =

(Tén dia 2 S 2 = Q S g Z

phuong) | 3 © 3 © |4 © 3 ©
KU 93.5 92.2 93.7 88.9 93.1 89.4 93.3 91.3
SO 92.2 91.7 92.7 88.2 92.6 89.3 91.8 90.5
LA 92.1 91.5 92.6 87.6 92.2 88.2 91.5 90.3
HI 92.1 91.4 92.2 87.4 91.7 88.5 91.3 90.3

Viéc 4p dung md hinh hdn hop Gaussian dé udc lugng cac tham sé cua 16p cit
dé du doan mirc do chin. K§ thuat nay c6 chi phi thip va hiéu qua hon, thong minh hon.
Tbc do cta hé théng phéan loai dugc gidi han boi tdc do bang tai va khoang cach duy tri
& gitta hai trai xoai, thoi gian dap Gmg cua hé théng may tinh dua trén xt 1y anh 13 50ms.

Hé thong phan loai nay duoc thuc hién trén bon loai xo0ai, nhung c6 thé duoc
mo rong cho cac loai trai cay khac. Cac bién thé cta phan loai v6i su bién ddi cac yéu
t6 khac nhu thay doi anh sang xung quanh, d¢ phan giai may anh, va khoang cach
clia may anh da khong dugc nghién ctru. Nghién ctru cho thiy, hé théng phan loai ¢6
hiéu suat twong d6i, dé sir dung, danh gia mirc do chin ctia xoai khong chi boi mau
da ma con c6 kich thudce va hinh dang.

Nghién ctru itng dung céng nghé xir Iy dnh cho sin xudt néng nghiép cia
Yud-Ren Chen va cdng sw [26]: Ung dung hién tai vé cong nghé xtr Iy anh cho phan
loai tu dong trong ndng nghiép vai trong tim 14 hinh anh da phd hyperspectral cho
viéc kiém tra thuc pham hién dai (Hinh 1.11). Vi dy vé cac ung dung dé phat hién
cac bénh tat, khuyét tat va 6 nhiém trén xac chét gia cam va téo.

Nhiing tién bo trong cong nghé nay lam cho hé thong phan loai chinh xac va
chi phi thap. M6t hoat dong vai thoi gian thuc c6 thé duge dap tng voi mot may tinh
tdc do cao. Thu nhan hinh anh tir may anh, thuc hién mét s6 ché bién va luu trir cac

hinh 4nh. Cong nghé nay cé thé giao tiép vdi cac may chi véi téc d6 132 MB / gidy
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50 v6i bus PCI. Toc d6 truyén dir lidu 1a du nhanh dé dap tung thoi gian thuc can thiét
trong cac ung dung nong nghiép.
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Hinh 1.11. Chip xtr I 3 mau va hé thong hinh anh da ph6 véi mot banh xe quay [26]
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Hinh 1.12. H¢ thdng hinh anh hyperspectral ISL vé an toan thuc pham [26]
Chuong trinh Al ¢6 thé duoc tich hop vao hé théng (Hink 1.12). Céc thuat toan

va cong nghé méi nhu mang than kinh, logic md, va cac hé théng thong minh c6 thé
dugc ap dung. Dé ap dung triét dé cong nghé nay, cac hé théng xu 1y anh cho céc ing
dung ndng nghiép la thuc vat, thuc phém, cac san phém néng nghi€p va vat li€u sinh
hoc. K§ thuat hinh dnh hyperspectral két hop nhiing wu diém cua quang phd va xir 1y

anh. Cong nghé nay sé tim thay nhiéu ing dung tiém ning trong nganh nong nghiép.
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Nghién ctru dp dung ky thudt xir Iy anh cho viéc cdi tién hé théng phén logi
trdi cdy ciia Hiwa Golpira va Hémin Golpira [27]: Nghién clru ndy lién quan dén
qué trinh toi vu hoa hé théng phan loai tréi cay thay thé phan loai bang tay. Mot hé
thong thiét bi do dac duoc mo phong va ché tao gom: thanh phan co khi va hé théng
diéu khién duoc 1ap rap trén khung gdm dé chuyén trai cay va phan loai.

Mot 6ng trong luc chuyén cac loai trai cdy vé phia sau diém phong dugc ché
tac béng xi lanh khi nén va van tur tinh. Tin hi€u PSNR thuc nghiém xac dinh nhiéu
va d0 rung anh huong dang ké dén ning suat may. Pé tranh bam dap cho tréi tdo, o
dbe 6ng thiét ké dugc cb dinh ¢ 0,02 m trong d6 van tdc trai toi da 1a 1 m/s va kha
nang sap xép 130 kg/h (Hinh 1.13).

Thiét ké méay phan
loai trdi cay

Ché tao may Phat thao mé hinh
may phaén loai

May phan loai
trai cdy dang | Dénh gid ban dau | 1| M3 hinh vatly

hinh cau
T | L T L Ty a h 4

; Tinh hiéu xir 1y téi
Panh gia dua | aihod
trén PSNR S

h 4

May phaén loai trai
ciy

Hinh 1.13. So db thi nghiém phén loai tio [27]

Thong s6: cong suat dinh mirc ciia 2 kg va 1 mV / V twong tmg dién ap kich
thich va dién ap téi da dat duoc 13 10 (Volt) va 10 (mV). Khuéch dai cac tin hiéu dau
ra duoc thuc hién bﬁng cach st dung bo khuéch dai siéu théip nhiéu (OP177). Khi tin
hiéu dau ra duoc diéu ché véi nhiéu, duge loc bdi méot bo loc thong théip dé dat duoc
mot tin hiéu DC chép nhan ddi v6i vi diéu khién. Sau khi do trong lugng va xt 1y, vi
diéu khién xac dinh cac kich thich v6i dong 12 (volt) DC. Xi lanh khi nén tao ra
chuyén dong cho cac diém phong. Mot may bom véi hai xi-lanh nén khi trong 220 lit
v6i cac van diéu khién téc 46 4A220-08, ap luc 0,15-0,8 Mpa (Hinh 1.14).
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Két qua: Phan tich qua trinh phan loai trai tdo. Xac dinh véi 2s dé nhan dugc
mot loai trai cdy tir cira dau dén cira cudi cing. Néu trong luong trung binh ctia mot trai

tao 1a 0,07 kg, kha ning hoat dong hé thdng 1a 130 kg/h v6i chiéu rong ctia van 20 cm.

/“"(7_' /J (& 3

Hinh 1.14. So d6 nguyén 1y 1am viéc hé thong phan loai trai cay [27]
Ch thich: 1-6ng, 2-bom khi nén, ?)-khung, 4-xi lanh khi nén,
5-ddng co di¢n, 6-cam bién trong lugng, 7-mang

Nghién ctru hé théng tw dong phan loai trdi cdy tiv cong nghé xir ly anh cia
Ayman A.A. Ibrahim va cdng su [28]: Trinh bay hé théng phan loai thong minh
dwa trén xt 1y hinh anh cho trai cay theo mau sic va kich thudc (Hink 1.15). Dua trén
tinh niang khai thac hinh anh tir mau sic va kich thudc trai cay. Két qua cho thiy st
dung hé thong phén loai 1a hiéu qua, chinh x4c, nhanh chéng va chi phi thap hon so

v6i phan loai bang thi cong.

bvugy (wabd
ags Grabbes
g

(KINNI

o Ligvng Syven| S

Hinh 1.15. So db xur 1y anh trong hé thong phén loai théng minh don gian [28]

Tuy thudc vao murc do chin trdi, mau sac nam trong khoang tir mau vang sang

mau dé dam véi nhiéu sac thai ¢ gitta. Hinh 1.16 cho thay cac dai mau ¢ tat ca cac
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muc do chin dugc quan sat. Hinh anh dugc luu trit trong ba ma tran, duoc goi 1a R,
G va B, trong d6 c6 chira cac gia trj cuong do mau cia hinh anh 1a cac thanh phan
mau do, xanh 14 cdy va mau xanh. Cudng d6 cia mot Pixel duoc thé hién véi mot
pham vi nhét dinh gitra muc ti thiéu va toi da. Vi du, cuong do yéu nhét 12 mau den
(0), cwong d6 manh nhat 13 mau trang (255) va nhiéu sic thai cia mau xam & giita va
su phan tach kénh mau ctia mot anh mau RGB day du.

. . - - -

| Khai déu
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| Két thic

Hinh 1.16. Trinh ty cic budc phan tich va xir ly hinh anh [28]

Hé théng phan loai trai cay c6 thoi gian xir ly 0,3s cho mot loai trai cay. Hé
thong c6 thé phan loai theo mirc d6 chin ciia trai cdy theo mau sic (mau vang, mau
dé pha va mau dé dam), va theo géc mau cho tung loai trai cay. Ky thuat nay c6 chi
phi thap, vira hiéu qua vira thong minh. Tir nhitng két qua ban dau cua viéc phan tich
mau sic trai cay co thé dua ra sy lién két véi do Am, ham lugng dudong va mirc do
axit thong qua cac tong mau va do bao hoa cho trai cay.

Nghién ctru mé hinh phén logi cdy trong tiv vét tham trén co sé di ligu hinh

dnh hyperspectral cia Anna Siedliska va cong sw [29]: M0 hinh phén loai phat hién
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vét bam va phan loai gidng tdo véi viéc sir dung cac hé thong hinh anh hyperspectral
trong phd VNIR (Visible va Near-Infrared) va SWIR (hong ngoai budc séong ngin)
(Hinh 1.17). Cac tuong quan dua trén thuat toan Feature Selection (CFS) va dir li¢u
hyperspectral dugc sir dung xay dung mo hinh gidm sat phan loai cay trong. Do chinh
xac dy doan t6t nhat cho mé hinh phat hién vét bam thu tir Support Vector Machines
(SVM), Simple Logistic va mirc d6 t6i wu hoa Sequential (SMO) (hon 95% ty 1¢
thanh cong cho cac thir nghiém/ kiém tra va 90 % cho mirc do kiém tra chung). Ty 1&
phan trim céac truong hop phan loai thuc hién 1 rat cao trong mé hinh va dao dong
tir 98,2% dén 100% thir nghiém / kiém tra va 1én dén 93% cho cac kiém tra chung.
Viéc thyc hién mo hinh nghién ctru dugc trinh bay véi dac diém hoat dong tiép nhan (ROC)
tir mo hinh phat hién vét bAm va ma tran nham 1an tir mo hinh phén loai giéng ciy trong.

stepwise molor

power supphers and
signal imerfaces for cameras

Hinh 1.17. So d6 1am viéc hé thng hinh anh hyperspectral ciia phé VNIR va SWIR [29]

Bon tram tAm muoi trai tho véi dudng kinh 7-8 cm bam it va nhiéu duogc chia
thanh hai nhém thir nghiém bang cach sir dung phuong phép phan tich hinh anh
hyperspectral. Mdi trai tdo bi bam chay doc theo dudng kiém tra. Trai Tao duogc dat
trén bé mat tru c6 trong lugng 0,2 kg (cac bé mit tiép xtc voi cac xi-lanh) tir 46 cao
400 mm. Céc dic tinh cta tdo trong quang phé VNIR va SWIR duoc thu thap bang
cach str dung dir liéu mot hé théng hinh anh hyperspectral khong gian (2 chiéu) va
quang pho (1 chiéu) dé tao ra mot khdi phd 3 chiéu, trong d6 cac dic tinh quang phd
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cua cac Pixel dugc chon tir hinh anh thu dugc cho cac budce song khac nhau co thé
dugc phan tich bang phuong phap xir 1y hinh anh c6 san.

Hoéng ngoai VNIR v6i mot may anh quang phd VI10E ImSpector (400-1000
nm) va camera hong ngoai budc séng ngin (SWIR) N25E 2/3 véi hinh anh quang
phd (1000-2500 nm), duoc dat trén bang tai 40 cm.

Nghién ctru phdt trién hé théng phdt hién cdc vét bam trén trdi tdo bing hinh
danh da phé hyperspectra cia Wenqgian Huang va Jiangbo Li [30]: Hé théng phan
loai ty dong phat hi¢n cac vét bam trén trai tdo. Nghién ctru phat trién mot hé théng
hinh 4nh da ph6 nguyén mau dé phat hién tryc tiép vét bam trén tréi tao (Hinh 1.18).
Mot hé thong hinh anh hyperspectral v6i pham vi budc séng 325-1100 nm duoc xay
dung dé lya chon buéc song co6 hi¢u trai phat hién cac vét bam trén trai to. Giai doan
phan tich thanh phan chinh (PCA) v6i hinh anh hyperspectral di dugc tién hanh trén day
450-1000 nm, 450-780 nm va 780-1.000 nm ciing v&i cac thanh phan chinh (PC). Ba
budc song hi€u qua véi do dai 780, 850 va 960 nm dugc xac dinh boi hinh anh may tinh
t6t nhat. Viéc thyuc hién hidu qua cac budc song lua chon duoc danh gia boi 183 trai téo.

Main view Triggering signal Lateral view

Ethernet interface A multispectral

Computer imaging system

Light chamber

Two 500 W
lighting lamps

> Moving direction Driving wheel

(a) (b)

Hinh 1.18. H¢ thong phan loai phat hién vét bam tréi téo [30]
a) So d6 mach; b) xtr ly anh
Do chinh xac ctia nhitng tréi tdo vdi vét bam dugc 1am bang cach tha mot trai

bong thép tir d§ cao 500 mm trong 1, 12 va 24 h tuong tng 1a 90,4%, 92,3% va 92,3%,

Conveyor chain

va tha mot trai bong thép tir 200, 300, 400 va 500 mm chiéu cao trong mot gid twong
ung 1a 92,4%, 96,2%, 96,2% va 94,7%.
Sau do6, mot hé théng hinh anh da phé v6i hai chum ludng sac, band-pass va 2

CCD trong khu vuc may quét da pho lang kinh (Hinh 1.19). Toc @6 thu nhan anh tryc
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tiép khoang 3 trai tao mdi gidy. Nang suat cua hé théng duoc danh gia bang cac kiém
tra tinh va truc tiép bang cach sir dung 59 trai tao doc 1ap. Do chinh xac phan loai tio

bam nhe trong cac thir nghiém tinh va truc tiép 1a 91,5% va 74,6%.
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Hinh 1.19. a) So d6 xir Iy anh va (b) hé thong anh da phd hyperspectral [30]

Két qua cho thay rang phat trién hé thong hinh anh da phd dua trén cac budc song
hiéu qua duoc lwa chon bang cach sir dung mot hé théng hinh anh tral hyperspec - va phan
doan PCA c6 thé dugc st dung dé phat hi¢n truc myén cua nhiing vét bam trén trai tao.
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Hinh 1.20. Qua trinh phén loai trai hong bang thuat toan phan loai mau séc [31]
Nghién ctru phdt hién dp chin ciia trdi hong dwa trén ky thudt xi Iy danh cia

Vahid Mohammadi va cgng sw [31]: Phat trién mot thuat toan tu dong dé phan loai
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cac loai trai cAy dya vao mau sic bén ngoai cua chang. Tinh chét vat 1y, co hoc va
dinh dudng cua cac loai trai cay da dugc xéac dinh dé so sanh két qua cua phan tich
va phan loai hinh anh (Hinh 1.20). Trong qué trinh phan ving anh, cic d6m den trén
trai hong da dugc gd bo co tac dung trén cac tinh ning duoc chiét xuét va sir dung dé
phan loai. Két qua cho thay xu 1y anh QDA c6 gié tri trong viéc phan loai cac loai
trai cy véi ty 1& chinh xéac tong thé tot hon 90,24%.

Nghién ctru phdt trién hé théng phén logi ciia ca chua chi phi thip tiv cong
nghé xir Iy anh cia Md. Rokunuzzaman va H. P.W. Jayasuriya [32]: Su phat trién
ctia mot hé théng xir Iy anh thong minh chi phi thip bang cach sir dung camera va
thuat todn xir Iy anh dé phat hién sai s6t va phan loai ca chua. Ca chua c6 hai khiém
khuyét 16n cu thé 1a Blossom End Rot (BER) va vét nirt trén trai. Phan loai dua trén
ba tinh ning xur 1y béi cac thuat toan xir 1y hinh anh. Cac tinh ning mau sic, hinh
dang va sy két hop khiém khuyét (Hinh 1.21).
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Hinh 1.21. Hé thong phan loai phat hién khiém khuyét, phan khuc trén R, G va ma tran H [32]

Str dung hai phuong phap dua trén nguyén tic 13 phuong phép tiép can mang ludi
than kinh, hé théng diéu khién v6i mot bing tai dé van chuyén ca chua va mot xi lanh day
nhitng trai ca chua bi 18i sau khi x4c dinh khiém khuyét bang cac thuét toan. Phuong phép
ngudng mau sic véi yéu t6 hinh dang c6 hiéu qua dé phan biét ca chua t6t va bi khiém
khuyét. Tinh chinh xac téng thé phat hién sai sot ciia dbi tuong duoc tiép can dya trén nguyén
tic va phuong phap mang than kinh tuong ting 13 84% va 87,5%. Céc toc do kiém tra 180
ca chua trong 1 phut da dat dugc bang céc thuat toan va cac mau thir nghiém (Hinh 1.21).

Dua trén cac két qua thuc nghi¢m rat ra két luan:

Céac phuong phap ngudng mau sic dugc tim thay co hiéu qua cho cac tng
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dung phéan loai ca chua bdi vi cac khuyét tat c6 thé duogc phat hién dya trén mau Sac;

Su khac biét gitra ca chua bé¢nh BER va ca chua tdt co thé duoc phan loai béng
cac ngudng khu vyc mau sic;

Céc ngudng, dién tich va sb luong ctia cac dbi twong mau xanh 14 cay dugc tim thay
khong du dé phan loai trai cay khac nhau tir cac khuyét tit bi nit vi su gidng nhau trong viéc
phan phéi mau. Do d0, cac yéu t6 hinh dang da dugc stir dung cho sy khac biét do;

Do chinh x4c tong thé phan loai sai sot clia d6i tuong dugce tiép can dua trén
nguyén tac va phuong phap mang than kinh twong mg 1a 84 % va 87,5%;

Téc do phén loai ctia cac chuong trinh kiém soat 1 trai ca chua 1s, vi cac 1ap
trinh cong song song va don gian trong cac thuat toan; Tdc d kiém tra dat dugc boi
cac thuat toan tir 180 ca chua Ip.

Nghién cttu phdt hién cdc khu vwe hw nhe do tac dong co hoc trén trdi tio

bang hinh anh huynh quang chlorophyll ciia Y. C. Chiu va cong sw [33]:
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Hinh 1.22. So dd va giai thuat thiét k& hé thong phén loai tao [33]
Nghién ctru ndy phét hién cac khu vuc hu nhe do tac dong co hoc trén tio bing

hinh anh huynh quang chlorophyll. Khi m¢t trai cay bi tdc dong bdi mot luc co va
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mot vét bAm xdy ra, cac hat nhan chlorophyll bén trong vé bi hu hong, gy ra giam
su kich thich huynh quang so véi cac khu vuc khong bi anh huong. Su khac biét nay
cho phép phat hién ti dong cac vét bam va loai bo cac loai trai cay bi hu hong dé duy
tri chat lugng toi wu. Trong nghién ctru nay, cac vét bam hoa qua dugc tao ra bang
cach st dung lyc tac dong 1a 68,6, 88,2 va 107,8 N va thiét hai xay dén cho hat nhan
chlorophyll bén trong vo trdi cady da dugc quan sat. M& rong di¢n tich cua hat nhan
bi hu hong theo thdi gian di quan sat dugc bang cach sir dung hinh anh huynh quang
0.5, 1,2, va 4 gio sau khi cac tac dong co hoc.

Nghién ctru sir dung mot cau trac lién tuc cta hinh anh huynh quang cho hoa
qua va str dung phan mém Matlab dé xtr Iy hinh anh va phan tich. Nhiéu canh dudng
vién di duogc loc bang cach diéu chinh mot ngudng thich hop, va cac tinh ning dudng
vién ctia vét bAm hoa qua d dugc phan biét bang cach sir dung binarization thich tng
va mdt bo loc kich thude (Hinh 1.22).

Két qua thuc nghiém cho thay, ty 1¢ phan biét ctia mot vét bam 0,5 h sau khi
tac dong cua trong luc 68,6, 88,2 va 107,8 N 1a kha cao 86,7%, va ty 1€ nhan dang vét
bam 1 h sau khi tac dong 1a 100%. Két luan, hé théng kiém tra huynh quang cho kha
nang phat hién cac vét bam mot cach chinh xéac trude khi nhitng vét tham tim c6 thé
nhin thiy bang mat thudng.

Nghién ctru sip xép va phén loai Tdo bi héng ciia Miss. Kambale Anuradha
Manik va Dr. Mrs. Chougule S.R [34]:

Nghién ciru nay dung phuong phép thich ing dé phan loai va phan cap bénh
trai tao dugc dé xuat va xac nhan bang thuc nghiém. Cac phuong phap tiép can dua
trén xir Iy hinh anh bao gdm cic budc chinh: budce dau 1a doc nhitng hinh dnh dau
vao tir k¥ thuat co so dit liéu va ngudng mau sic duoc sir dung dé phan doan 13i.
Trong budc thir hai mot sd trang thai cua tinh nang loc dugc chiét xuét tir hinh dnh
phan doan, va cudi cung 1a hinh anh dugc xép vao mot trong nhitng 16p. Nghién ciru
dd xem xét ba loai bénh cu thé 1a téo vay, ddm téo va thoi trai téo. Viée phan loai trai
tao da duoc thuc hién bang cong cu Matlab (Hinh 1.23).

Nghién ctru tao cac co so dit li€u hinh anh trai tdo bi bénh va binh thuong khéc

nhau. K¥ thuat xr Iy hinh anh, trong d6 sir dung céc k¥ thuat khac nhau duoc tiép can
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dé phan loai. Két qua thir nghiém cho thay céc giai phap dé xuat 1a c6 thé hd trg phan
loai tu dong va phan cép cua bénh trai tdo. Tuy nhién, can cai thién va tang cuong

cac chuc nang va tinh linh hoat ctia h¢ thong nhan nhi¢u cong viéc phan loai.
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Hinh 1.23. Hinh 4nh phan khuc tdo va phan loai Téo [34]

Nghién ctru hé théng phdn logi xodi diwa trén thi gidc mdy tinh cia Chandra
Sekhar Nandi, Bipan Tudu, and Chiranjib Koley [35]: trinh bay mét s6 tinh nang nhur
murc d chin, kich thudc va bé mat khuyét tat xoai. Phan loai muc do chin dya trén k§
thuat RFE (tinh nang xda bo) vdi Support Vector Machine (SVM) duoc st dung. Kich
thude va bé mit khuyét tat dugc x4c dinh bang mot sé phuong phap xit ly anh (Hinh 1.24).
Ly thuyét MADM duoc str dung trong hé thong nay. Két qua cho thay 18i phat hién kich
thudc 1a gan 3%, do chinh xac du doan 96%, va do chinh xac khiém khuyét bé mat 92%.

Do chinh x4c ning suat cho phan loai ctia hé thong dugc dé xuat 1a gan 90%.

W
/l\ 0. 1 5 xlma_x 0.05%XImax
g ) 0.05XImax
;‘ Vertical Slice
pk (width=0.05XWmid)
(=]
g0
\? 7 0.05%Imax
n -
;E) Longitudinal Axis
gt (length= Imax)
= 0.05%Imax
A \' / 0.1SXImI;I 0.05% s

Hinh 1.24. Hinh 4nh cing v6i cac dudng vién nhan duoc khi xir Iy anh [35]
Nghién ciru da xay dung mot mé hinh ctia mot hé thdng phan loai xoai, phan

loai chét luong xoai thanh bon 16p dua trén danh gia cua cac chuyén gia. Theo yéu
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cau phan loai, chi sb phan loai va trong luong dugc nhép vao dé thuc hién viéc phan
loai x0ai nhiéu mirc d6 vé6i cac loai khuyét tat thuong xuat hién trén xoai, dugc dé
cap trong cac loai khuyét tat xép hang xoai (Muc 1.1.2, Hinh 1.25).

Két qua cho thay cac thuat toan phan loai xoai dugc thiét ké kha thi va chinh
xac. Xoai 16i kich thuéc nhé hon 3%, ty 1¢ chinh x4c phan loai mau sic 1a 95%, va ty
1¢ chinh xac dé do khuyét tat bé mit 1a trén 90%. Tuy nhién, mot phan bd tinh ning
dua trén phuong phap phan loai chinh thtrc can phéi dugc phat trién dé xac dinh cac
loai chét lugng trai cdy tir cac mau va van dé trong viéc phat hién d6 ctng tir mau

sac. Mdt cam bién tac dong c6 thé dugce st dung dé phat hién sy san chac.

Hinh 1.25. B& mit nhin véi cac khuyét tat bé mit khac nhau [35]

Céc dy bao muc do chin dugc thyc hién tir cac tin hi¢u video dugc thu thap
boi cac Coupled Device (CCD) camera dét trén dinh cua vanh dai bang tai chd xoai,
xtr Iy hinh anh dé trich xut cac tinh niang khac nhau cho viéc dy doan mirc do chin
xo0di. K§ thuat phan cip tinh nang loai bo két hop v6i may vector hd tro (SVM) duoc
sir dung dé x4c dinh céc tinh ning phu hop nhét trong sb 27 tinh ning ban dau duoc
lwa chon (Hinh 1.26). Cubi cung, cac thiét lap toi uu cho viéc giam sd tinh ning da
thu dugc dé phan loai xo0ai thanh bén 16p khac nhau tiiy theo mirc d6 chin. Péi véi
nghién ctru thuc nghi¢ém, xo0ai cua nam giéng khéc nhau duoc thu thap tir ba dia diém
khac nhau va trong ba 16 khac nhau. Cac két qua thuc nghiém thu dugc tim thiy dé
cung cap d6 chinh x4c phén loai trung binh 1én dén 96%.

Ning suét trung binh cta hé théng hiéu qua hon so véi phan loai ciia con
ngudi. Cac tmg dung chinh ciia k¥ thuat duoc dé xuat 1a cac nha cung cap c6 thé dé
dang lya chon cac mirc d6 chin cta xoai vé chét lugng, han stir dung xoai. biéu nay

trai nguoc han voi cac ky thuat dé xuat khac 13 nham muc dich dé do do chin chinh
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xac, trong d6 co thé khong can thiét cho viéc ap dung. Phuong phap nay ciing bo qua
cac yéu cau hiéu chuan dau ra cam bién ddi véi cac ky han, diéu nay rat quan trong
1a nha cung cép c6 thé diéu chinh hé thdng cua minh theo diéu kién ctia ho va thoi
gian thu hoach xoai. Han ché chinh cua ky thuat dugc dé xuit 1a thoi gian phan loai
lau va phén loai sai xdy ra do triy xudc hodc ddm den (thudng xay ra do tén thuong

da) trén da.
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Hinh 1.26. Hé thong phan loai trai cdy ty dong dua trén may quan sat [35]

Nghién ctru nguyén Iy phdt trién va itng dung ciia thi gidc mdy tinh dé kiém
tra chit lwong bén ngoai ciia cdc loai trdi cdy va rau qud cia Baohua Zhang,
Wengian Huang, Jiangbo Li, Chunjiang Zhao [36]: Trinh bay mot cai nhin tong
quan chi tiét ctia viéc gidi thiéu so sanh, phat trién va tng dung cua hé thong thi giac
may tinh trong viéc kiém tra chat lugng bén ngoai ctia cac loai trai cdy va rau qua.
Ngoai cac thanh phan chinh, 1y thuyét co ban va xir Iy anh tuong g thi phuong phap
phan tich cling dugc bao céo (Hinh 1.27).

Trai cay bao g@)m mau séc, két ciu, kich thude, hinh dang, va nhiéu khiém khuyét
(Hinh 1.28). Hé thdng thi gidc may tinh dugc sir dung rong rii trong viéc kiém tra chét luong
thyc pham va cac san phdm nong nghiép dé thay thé kiém tra thi cong, hé thng c6 thé cung
cap nhanh chéng, chinh xac va khach quan. Nhiéu g dung thanh cong di chimg minh ring
cac hé théng thi gidc may tinh la cong cu khoa hoc va manh mé cho vi¢c kiém tra chét luong

tu dong bén ngoai chinh xac va nhanh chéng ctia cac loai tréi cay va rau qua.
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Hinh 1.27. So d6 hé théng xtr 1 anh dién hinh va phén tich hinh anh quang hoc tao héng [37]
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Hinh 1.28. Ba ché d6 quét dé tao mot hinh anh quang hoc va cac khuyét tat cia tao [37]
a) biém quét ti€p can; b) Dong quét ti€p can va c¢) Khu vuc quét tiép can.

Mic du vay van con nhiéu thach thirc phai vuot qua, cong nghé thi gidc may
s& tiép tuc dong mot vai tro khong thé thiéu trong nghién ciru va ung dung dé kiém
tra chat luong cua cac loai trai cdy va rau qua.

Nghién ctru phdt hign sém cdc ton thwong co bén trong xoai bang mdy
quang hoc NIR cua Nayeli Velez Rivera, Juan Gomez-Sanchis, Jorge Chanona
Perez ciing ddng nghiép [37]: M6 ta mot hé thdng dénh gia thiét hai co hoc giy ra
trong vo trai xoai Manila ¢ céc giai doan khac nhau dya trén do chin véi phan tich
cac hinh anh quang hoc. Hinh anh cua khu vuc bi hu hdng va nguyén ven cta xoai
duoc thu thap, st dung mét hé théng thi gidc may tinh quang hoc, sau d6 phéan tich
dé lya chon budc song dé phan biét va phan loai hai ving. 11 phuong phap lya chon
duogc sir dung va so sanh dé xac dinh budc séng, trong khi 5 phuong phéap phan loai

duogc sir dung dé phan doan hinh anh da pho cho két qua va phan loai da ctia xo0ai bi
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hu héng (Hinh 1.29). Ty 1€ phan loai chinh x4c 91,4% voi Pixel dat dugc vao ngay
thir ba sau khi str dung xung gan va toan bd quang pho.

Mot hé théng hinh anh hyperspectral NIR duogc sir dung dé phat hién ton
thwong co gy ra trong xoai 'Manila' bang cong cu phan tich hinh anh. Hinh anh da
dugc chup trong bay ngay sau khi xoai hu hong dé ude tinh thoi diém, trong d6 hu

hong c6 thé duoc phéat hién mot cach hiéu qua trong hinh anh. Két qua cho thiy ba

mién trong quang phd duoc nghién ciru va tich lity lwa chon: 700 nm-780 nm, 890
nm-900nm va 1070 nm-1080 nm.
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\
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Hinh 1.29. So d xir 1Y anh quang hoc va anh RGB mau xoai chup & budc song nhat dinh [38]

Ngoai ra, ndm loai phan loai dugc danh gia dé phan doan hinh anh cua xoai
thanh hai 16p: bi hu hong va khong bi hu hong. Trong s6 cac phan loai, Na Ive Bayes
mang lai diém sb khong tot, trong khi d6 k-NN, ELM, DT va LDA c6 diém so trén
90% ddi voi phan loai diing ba ngay sau khi hu hong dugc phat hién. Ty 18 ndy tham
chi ting dén 95% cho tat ca cac phan loai sau ngay tht tu. Nang suat cao dat duoc 13
k-NN ngay thir ba (97,95%) dan dén sy lya chon mo hinh dé phan doan hinh anh da
phd bao gdm cac tinh nang lwa chon, voi diém s6 trén 91% dat duoc trong viéc phan
loai chinh xac khu vuc hu héng.
1.1.5. Két luan chung vé tinh hinh nghién ciru

Qua phan tich va danh gia tir cac két qua nghién ctru néu trén, cac nghién ciru

da sir dung cac phuong phéap khac nhau dé phén loai nong san, cac nghién ctru da st
dung cong nghé xur 1y anh, thi giac may tinh va Al dé tim ra dugc phuong phap phan
loai mau séc, trong luong hay khuyét tat trai, dac biét di véi xoai, cho két qua vé hiéu

suat va nang suat phan loai cao. Cac két qua nghién ctru da phan anh duoc kha nang
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ung dung khoa hoc cong ngh¢ hi¢n dai vao sy phat trién nganh co khi, tu dong hoa
nong nghiép néi chung, san xuat va déng gbi nong san noi riéng.

Tuy nhién, cac nghién ctru trén chi dung lai véi viéc phan tich, danh gia, so
sanh cac phuong phap str dung dé phan loai néng san, hodc két qua ¢ dang mé phong,
mo hinh va thi nghi¢ém, dac biét 1a véi xoai. Hon nira, viéc phat trién thuc nghiém cho van
& x4c dinh khuyét tat va ty trong tréi (xoai) dé xac dinh chat lugng trai thi chua thuc su
duoc giai quyét. Vi vy, trong dé tai nay s& dua ra phuwong phap phén loai tbi uu ciing nhu
thue nghiém 1én hé théng phan loai xoai dé giai quyét cic van dé néu trén.

1.2. Tinh cap thiét ciia dé tai

Chién lugc phat trién khoa hoc va cong nghé Viét Nam giai doan 2011-2020
d3 duogc chinh pha Viét Nam phé duyét vao nam 2012, Quyét dinh s6 418/QD-TTg,
trong do khéng dinh viéc nghién curu, tng dung cong nghé tién tién, hién dai va dua
ra cac giai phap tdi vu, phi hgp dé phat trién qua trinh san xuat va xuat khau noéng
san, gop phan xay dung cac thuong hiéu manh cho cac san pham nong san xuat khau
cua Viét Nam [1]. Viéc ung dung nhitng cong ngh¢ tién tién va hién dai (nhu Al) vao
trong cac dy chuyén, thiét bi may moc ty dong hoa phuc vu cho cac qua trinh nhu
kiém tra, phan loai va déng goi nong san thuc pham dat ning suit cao 1a mot trong
nhimg huéng cong nghé trong diém. Diéu nay gop phan phat trién kinh té xa hoi &
Viét Nam. Viéc sir dung Al vio cac qua trinh ché bién nong san thyc pham hién nay
hinh thanh tir sy cong ning ciia nhiéu nganh khoa hoc cong nghé dua trén nén tang
co khi tg dong hoa nham hoan thién, linh hoat hoa, thong minh hoa cac thiét bi may
moc phuc vu con nguoi.

Tai Viét Nam, rat nhiéu thiét bi phan loai nong san thuc phém 0 Viét Nam la
qua lac hau, ning suat thip. Van dé khong chi ¢ chd can phai tao ra s6 luong san
pham bao nhiéu, ma nhu cau vé chét luong néng san thyc pham ciing can phai tang
1én tuong tng, vi 1§ d6, budc nhiéu nha san xuat néng san thuc pham phai thay doi
va cap nhat kién thrc, cong ngh¢ va thiét bi méi. Mot trong nhirng uu tién chinh cua
nha san xudt nong san thuc pham 1a hién dai hoa diy chuyén san xuét, dap tng duoc
cac tidu chuan clia cac thi truong xuat khau, va cé thé dap ing nhu cau hién tai cho

s0 lugng 16n cac nong san thyc pham chat lugng cao.
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San xuit nong san thuc pham theo cac tiéu chuan an toan qudc té 1a mot qua
trinh 1au dai va tén kém. Tuy nhién, néu thuc hién dang tiéu chuédn s& cho phép doanh
nghiép canh tranh trén thi truong quéc té va nhanh chong mé rong kinh doanh. Thoi
gian qua, san xuat nong nghiép ¢ nudc ta phat trién kha nhanh, v6i nhiing thanh tyu
trong cac linh vuc chon tao giéng, ky thuat canh tac, cong nghé thu hoach..., tao ra
khéi lwong san pham, hang hoa dang ké gop phan thuc day ting truong nén kinh té
qudc dan. Tuy nhién, nén néng nghiép nudc ta vin con manh min, quy mé san xuét
nhd, phuong thirc va cong cu san xudt lac hau, ky thuat &p dung khong déng déu dan
dén nang suat thap, gia thanh cao, chat lugng san pham khong 6n dinh. San pham lai
chua dugc ché bién dan dén kha nang canh tranh va gia tri thap. Ngay ca nong san,
rau qua va hoa canh la nhirng mat hang cé loi thé vé diéu kién tu nhién cling kho co
chd dung trén thi truong thé gidi va ngay ca thi trudng trong nude. Vi vdy, dé thic
day xdy dung mot nén ndng nghiép hién dai, thu hep khoang cach so véi cac nude
phat trién, dic biét la trong xu thé hoi nhép, viéc xay dung cac khu ché bién ndng san,
san pham ndng nghiép sau thu hoach bang cong nghé cao 1a can thiét.

Nghién ctru img dung cac may moéc ky thudt cao vao cac quy trinh san xuét
néng san thuc pham mot mit giam st lao dong con ngudi, giam gia thanh, mic khac
con dap ng nhitng tiéu chuan cao vé an toan vé sinh thyc pham trong ché bién & cac
thi truong kho tinh doi hoi chét lugng cao. Cong viéc phan loai va dong goi san pham
doi héi toc do dap ung cao va do on dinh cua thiét bi. Cong doan nay can rat nhiéu
nhan cong 1am tang chi phi san xuat. Str dung hé thong phéan loai thong minh lam
giam chi phi san xuat, giam chi phi nhan cong, nang cao muc do ty dong hoa cho day
chuyén san xuat véi vu diém 1 c6 do on dinh cao va thoi gian lam viéc khong gidi han.
Tuy nhién chi phi ddu tu ban du 1a kha 16n so v6i cac doanh nghiép trong nudc nén van
de trang bi robot con han ché.

Hién nay, trong va ngoai nudc di xuat hién cac nghién ctru vé cac hé thong
phan loai khéc nhau va hé théng phan loai ndng san nhu diéu, ca phé, dau, ca chua,
khoai tay, tdo...st dung cac phuong phap khic nhau [10-108]. Cac hé thong phan

loai ndy c6 uu diém 1a dé van hanh, van chuyén, phu hop véi diéu kién trong trot va
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san xuat & cac ving, 1 hé thong khong thé thiéu & bat ctir mot viing ndng nghiép nio.
Tuy nhién, mdi mot nong san khac nhau phai st dung mot hé théng phan loai khac
nhau, dic biét 1a véi xoai thi su phan loai lai cang dién ra phirc tap. Vi su phat trién
nhanh chong cia khoa hoc va cong nghé, tinh todn, mo hinh hoéa va mo phong hé
thong hoat dong trén cac phan mém chuyén dung da thuc day nhanh qua trinh nghién
ctru, ché tao cac hé thong phan loai va két qua 1 da xuat hién cac hé théng phan loai
ndéng san va hoat dong tai cac thanh ph 16n va cac khu vuc nong thon trong yéu.
Mic du da xuat hién rat 1au trong linh vuc phan loai xoai, nhung cho dén nay
van chua c6 mot hé thong chuyén dung nio phuc vu riéng cho qua trinh phéan loai
x0ai. Qua trinh phan loai x0ai tai Viét Nam va thé giéi dang duoc thuc hién chi yéu
bang strc lao dong truc tiép cuia ngudi néng dan (Hink 1.30). “Cdc phwong phép diege
stk dung boi nhitng nguoi néng déan va cdc nha phan phoi dé phan loai cac san pham
néng nghiép la théng qua kiém tra chdt lwong truyén thong dimg mdt quan sdt ton
thoi gian va it hiéu qud” hoic mot sd loai may khong chuyén dung va két qua cho
nang suét khong cao, chi phi cao, viéc phan loai ra cac loai xoai khac nhau 1a tuong

do1 ton kém vé kinh té.

Hinh 1.30. Phan loai nong san bing phwong phap thu cong (hinh chup tai nha vuon)
Viéc danh gia chat lugng qua xoai di duoc thuc hién boi nhiéu nha nghién
ctru, hau hét ho déu duya trén cac dic trung quan trong cia qua xoai nhu kich thude, hinh
dang, mau sic va két cAu bé méat. Tuy nhién, chat luong bén trong van chua dép tng.
Pong bang song Ciru Long c6 hon 47.000 ha trdng xoai (Pong Thap dan dau

vé dién tich 12.106 ha), véi san lugng hé‘tng nam trén 567.700 tan, nang suét dat tir 11
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dén 13 tin/ha. Kim ngach xuét khau xoai nam 2020 cta Viét Nam dat trén 180,7 triéu
USD. Tinh Dong Thap di lya chon cdy xo4ai 1a 1 trong 5 nganh hang thuc hién Dé an
tai co ciu nganh noéng nghiép ciia tinh. Ngoai ra, tinh con tap trung xay dung nhin
hiéu hang hoa, xac nhan cAp mi ving trong xoai dé xuat khau, lién két san xuat voi tiéu thu.

Nong dan trong xoai c6 nhiéu kinh nghiém san xuat, tmg dung thanh cong k¥
thuat xir 1y ra hoa trai vu vi thé mua vu thu hoach xoai 1a quanh nim. Tuy nhién, viéc
dau tu thuc hién phan loai nguyén li€u céac loai la rat 16n, khoang 100 ty déng/ném
(mot ngudi phan loai xoai thanh pham khoang tir 40 - 80 ky/ngay tuong duong
khoang 100.000 vnd/ngay). Ngoai sb lugng nhan cong rat 16n dé phan loai sé luong
X0di trén 1a 2750 nhan cong/ndm thi sy anh huong vé strc khoe con ngudi khi phan
loai xoai la khong tranh khai.

Qua trinh khao sat va tiép can mot s6 hé théng phan loai nong san thi h¢
thong phéan loai x0ai trén thi truong 1a chua co tai Viét Nam. Khao sat cac ho noéng
dan trong trot va co s& san xuat xoai thanh pham tai cac dia phwong déu cho thay viéc
phan loai x0ai 13 tha cong do ngudi lao dong dung tay dé phan loai. Vi vdy dat ning
suat thap. Khao sat mot s6 loai hé thong phan loai nong san ty dong hay ban ty dong
dang str dung hién nay c6 thé nghién ctru va ché tao thanh hé théng phan loai xoai.
Do yéu cau cia thi trudng va ngudi sir dung, cac hé thong phan loai néng san ngay
cang c6 cac két cau, diéu kién phan loai phirc tap hon. Song song vdi qua trinh phat
trién cac nghién ctru nay, cac phuwong phap diéu khién phan loai ciing cin dugc nghién
ctru nham nang cao kha ning img dung cua hé thong.

Vi cac phan tich trén, viéc nghién civu hé théng phdn loai néng sdn (tdp trung
nghién ciru phdn logi xodi) hiéu sudt cao dia trén cong nghé xir Iy anh két hop Al
mdt cach hiéu qua phi hgp vai tinh hinh phat trién ciia cic loai may nong nghiép hién
nay, gop phan thic ddy phat trién nganh co khi nong nghiép trong nuéc.

Pé tai nghién ciru phat trién hé théng phéan loai nong san nham kiém soat va
danh gia chat lugng qua xoai (theo tiéu chuan Global GAP) trudc khi dwa vao dong
g6i va xuat khau ra thi truong: rau qua dugc thu hoach dung dé chin, kich thuéc, hinh

dang, loai bo cac qua bi héo, bi sau, di dang. Cu thé hon 1a “wng dung cong nghé xw
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Iy anh két hop Al @é nhdn dang mau va danh gid chdt luong ciia qud xodi” nham ting
cuong ty dong héa trong qua trinh san xuit nong nghiép ¢ nuéc ta.

Xoai 12 nong san rat nhay cam va c6 thé dé dang xuét hién cac diém mau nau
sau khi bi dap co trong qué trinh xr Iy sau thu hoach, van chuyén va tiép thi. Viéc
kiém tra nhan cua loai tréi ndy dugc sir dung ngay nay khong thé phat hién cac ton
thuong & giai doan sém ctia do chin va cho dén nay khong c6 cong cu tu dong nao co
kha ning phat hién. Viéc ap dung cac hinh anh quang hoc dén viéc kiém tra chat luong
sau thu hoach xoai gan ddy mai nghién ctru va dang duoc tién hanh dé tim ra mot phuong
phép udc luong thude tinh bén trong hoac phat hién hu hong bén ngoai.

Nghién ctru cac ky thuat xu ly anh; thu thap, xay dung co s¢ dir li€u anh mot
sO loai qua xo0ai & Viét Nam; nghién ctru cic cach tiép can va ki thuat danh gia chat
luong qua xoai, kiém tra bé mit qua xoai c6 bi sau, bi héo, bi x5p, qua xoai c6 bi bién
dang, d6 chin trén qua xoai; img dung cong nghé xir 1y anh két hop Al trong bai toan
phan loai qua xoai dat hay khong dat chat lugng.

1.3. Muc tiéu nghién ctru
1.3.1. Muc tiéu tong quat

Nghién ctru, xdy dung va thiét 1ap hé thong diéu khién phan loai xoai hiéu suét
cao str dung cong nghé xtr Iy anh két hop Al
1.3.2. Muc tiéu cu thé

Nghién ctru cac k¥ thuat xu ly anh; thu thap, xay dung co s¢ dir liéu anh mdt
50 loai qua xoai & Viét Nam; Nghién ctru cac cach tiép can va ki thuat danh gia chat
lugng qua xoai; Ung dung Al trong bai toan phan loai qua xoai dat hay khong dat
chat lugng theo tiéu chuan Global GAP.

Nghién ctru dong hoc va diéu khién hé thdng phan loai sir dung Al Xay dung qui
trinh phan loai xoai bang phuong phép diéu khién hé thong sir dung xtr 1y anh két hop Al

Phat trién hé diéu khién hé thong phan loai xoai dya trén cong nghé xir 1y anh két
hop Al véi hiéu suit cao (sir dung phuong phap phan loai hiéu suat cao va nang suit phan
loai cao trén hé théng phan loai x0di), gon nhe, dé sir dung, dé dang phan loai x0ai va co thé
phan loai cac loai nong san khéc tai Vi¢t Nam. Ung dung két qua nghién ctru vao qua trinh

san xuat ndng san thyc pham & cac giai doan phan loai hodc dong goi thanh pham.
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1.4. Phuwong phap nghién ctru

Nghién ctru tong quan, co s6 1y thuyét trong va ngoai nudc cling nhu tim hiéu cac
hé théng phan loai ndng san trong d6 c6 phéan loai xoai. Xay dung phuwong phap phan
loai, sap xép cac giai doan phan loai cho phit hop dua trén cac khao sat thyc té. Xay dung
thuat toan, phuong phap tinh toan sao cho sai s 1a thap nhat va hiéu qua 1a cao nhat. Bé
xuat nghién ctru nay duoc thyuc hién dua trén sy két hop cia cac phuong phap nghién
ctru Iy thuyét, mé phong va thuc nghiém.
1.4.1. Nghién ciru ly thuyét

To6ng hop va phan tich tai liéu (cong trinh nghién ciru, bai bao, bao céo chuyén
nganh, hoi nghi...) trong va ngoai nudc c6 lién quan dén hudng nghién ctru.

Céc ly thuyét lién quan dén ky thuat co dién tur, diéu khién ty dong, cong nghé
xu ly anh va Al
1.4.2. Nghién ctru mé phéng

Mo hinh héa hé diéu khién hé thong phan loai xo0ai;

Nghién ctru tng dung cac phan mém chuyén dung trong md phong hé diéu
khién trong cac diéu kién khac nhau;

Str dung cac cong cu mo phong dé xac dinh cac thong sé co cau va tinh toan
mo hinh hoa hé théng;

Ung dung AI dé nghién ctru hé diéu khién hé thong phan loai xoai.
1.4.3. Nghién ctru thue nghiém

Xay dung co s¢ dir liéu anh thi nghi¢m (thu thap anh qua xoai);

Tién hanh thi nghiém danh gia hé diéu khién trén hé thong thyc/mé hinh thyc
nghiém/mé hinh ban thyc nghiém trong cac diéu kién khac nhau;

Phan tich xir 1y s6 liéu thyc nghiém.
1.5. Poi twong va pham vi nghién ciru

Déi twong nong san dé xuat nghién ctru chinh: xoai.

Pham vi loai xoai nghién ctru: xoai Cat Chu va xoai Cat Hoa Ldc, tai Déng Thap.

Phan loai xo0ai dya trén dic diém vé: mau sic, hinh dang, khoi luong, thé tich

va dic biét 1a chat luong xoai.
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1.6. Ké hoach d kién thwc hién dé tai
1.6.1. N§i dung nghién ciru

Chuyén dé 1 (Chuyén @ tong quan): Nghién ciru 1y thuyét tong quan vé tinh
hinh nghién ctru phan loai ndng san bang cac cong nghé xir Iy anh két hop diéu khién
clia may tinh, vi diéu khién. Xay dung co s 1y thuyét, co s& phuong phap luan dé
xac dinh hé thng, cu tric va kich thudc dong nham dat myc tiéu toi uu vé kich
thudc ctia hé thdng lam viéc dé phu hop véi day chuyén phén loai xoai. Khao nghiém
dic tinh cac yéu t6 gdy nén su can trd cho qua trinh phén loai xoai. Thu thap dit liéu
vé qua trinh phéan loai xo0ai, cac chi tiéu quyét dinh chat lugng xoai, anh huong cia
nang suat phan loai dén qua trinh di chuyén cua xoai trong hé thong phan loai. Quy
hoach két qua khao nghiém vé cac bai toan co ban.

Chuyén dé 2 (Chuyén dé thuc nghiém): Nghién ctru nguyén 1y co cau phan
loai xoai theo kich thuédc, ty trong. Co ciu dinh vi va di chuyén xoai dam bao viéc do
khéi lwrong trai xoai chinh xac, khong 1am hong xoai, dam bao téc do di chuyén lién
tuc va nang suét yéu cau. Nghién ctru dong hoc - dong luc hoc h¢ théng phan loai dya
trén mo hinh bai todn bao dadm dd chinh xac dong luc hoc dudi tac dong cua co ciu,
hé lyc lam vi¢c, moé phong két qua tinh toan bﬁng cac phﬁn mém hd tro tinh toan va
mo phéng dong luc hoc co hé 1am co s¢ dé nghién cuu, ché tao va tich hop phén két
céu co dién tir cua toan hé thong.

Chuyén dé 3 (Chuyén dé thwe nghiém): Ung dung Al giai quyét bai toan
dong lyc hoc va diéu khién hé théng phan loai dya trén nguyén ly Delta Platform, cac
thuat toan Otsu, K-Means va k-NN. Ap dung phuong phap mé hinh phan loai tdi wu
nhat. Dong thoi, két hop diéu khién thong minh véi xir 1y anh, cho myc dich phan
loai nguyén liéu dau vao hodc dau ra trong quy trinh phan loai xoai.

1.6.2. K& hoach thue hién

Dé tai du kién s& thyuc hién theo ké hoach (Hinh 1.31).
1.6.3. Két cAu dinh hwéng dé tai

Mo ta dinh hudng dé tai (Hinh 1.32).
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Dé tai

(Luén an)
v v L 4
Chuyén dé 1: Tf)ng' quan, Chuyén dé 2: Thyc nghiém Chuyén dé 3: Thyc nghiém
Co so ly thuyét Bai bao quoc té Bai bao quoc té
2 y

Bdo cdo ludn dn

Hinh 1.31. So d tong thé thyc hién dé tai luan an

Chuong [:
Téng quan, co s& Iy thuyét
Y v Y
Chuong I1: Nghién ciru thi Chuong III: Phén loai xodi theo Chuong IV: Hg thong phan
nghiém mé hinh h¢ thong phan [ khoi lugng, thé tich va khuyét tat [» loai xodi sir dung cong nghé
loai xoai theo khoi lugng sir dung cong nghé xir ly anh xir ly anh ket hop TTNT
Y y

A 4

Chuong V: Két ludn

Hinh 1.32. So d6 két ciu dinh huéng dé tai

Chuong I: Tong quan va co sé 1y thuyét (Chuyén dé 1). Chuong nay tim hiéu,
khao sat, phan tich va danh gia cac co so 1y thuyét, cac tai liéu, cac nghién ctru trong
va ngoai nudc ¢ lién quan nham xac dinh cach thic, phuong phép, ing dung dé xay
dung hé théng phan loai x0ai dugc phat trién & chuong II, I1I va IV. Noi dung chuong
nay la nghién ctru mo6 hinh va thyc nghiém hé théng phan loai, duwgc mo ta cac co so
1y luan va mo hinh hé théng thi nghi¢m tai PH SPKT TPHCM (h¢ théng phan loai
co khi duoc thyc nghiém tai S& KHCN Bong Thap va Cong ty xuat khau xoai Kim
Nhung, TP. Cao Lanh). Tir co s¢ thyc tién, van dé can gidi quyét bai toan ting ning
sudt phan loai tir tha cong chua hiéu qua va san pham phan loai chua dat két qua cao
vé chat lugng xoai. Tir d6, giai phap giai quyét van dé nay 1a nghién ciru hé théng

phan loai xoai ty dong dat nang suat cao thay thé phan loai thu cong, két hop phuong
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phap phan loai theo chat lugng xoai c6 hiéu suat phan loai cao. Tét ca s& dugc thyuc
hién trong chuong II.

Chuong II: Nghién ctru mé hinh thi nghiém hé théng phan loai xoai theo khéi
luong (Chuyén dé 2). Chuong nay dya vao co so 1y thuyét & chuong I dé nghién ctru
va md hinh hé théng phan loai xoai theo khdi lugng nham xac dinh va so sanh giita
khéi lugng trai xoai thyc té va khoi lugng trai xoai can trén bang tai (chua ung dung
cong nghé xir Iy anh 18n hé thong). Tim ra sai s6 dé khac phuc va lya chon két qua
cho khdi lugng trai xoai phut hop dé tién hanh ung dung xir 1y anh 1én hé thong phan
loai xoai trong chuong III.

Chuong I1II: Phan loai xoai theo khdi luwgng, thé tich va khuyét tat sir dung cong
nghé xir Iy anh (Chuyén dé 2). Chuong nay tmg dung cong nghé xir 1y anh 1én hé théng
phan loai xoai da mo6 hinh hé théng va hoat dong ¢ chuong II, 4p dung va lya chon
phuong phéap phan loai t6i wu dé xac dinh khéi lugng (két qua khéi luong & chuwong 11
duoc diéu chinh lai trén hé théng nay), thé tich va khuyét tt trai (chat luong bén ngoai).
La budc dau cho ing dung Al 1én hé thong dé x4c dinh phuong phap mé hinh dy doan
mau sac khuyét tat xoai chinh xac nhat (vi chuong nay phwong phap xir 1y anh con sai
s6, chua toi uu), déng thoi du doan do Brix cia xoai trong chuong IV.

Chuong IV: Hé thng phan loai xoai sir dung cong nghé xir 1y anh két hop tri
thong minh nhan tao (Chuyén dé 3). Muc dich 1a tng dung Al 1én h¢ thdng phén loai
x0ai & chuong 11T dé xac dinh phuwong phap mé hinh du doan mau sac khuyét tat xoai
chinh x4c nhét (phuong phap phan loai & chuwong III con han ché) va dy doan do Brix
xo0di (chat lugng bén trong) nham hoan thién va tng dung hé théng phéan loai xoai
hiéu suét cao (ké ca niang suat) sir dung cong nghé xir 1y anh két hop Al

Chuong V: Két luan (Chuyén dé 3). Chuong nay thao luan cic van dé trong
nghién ctru va tng dung ctia dé tai, nhitng thuan loi va kho khan ciing nhu dua ra giai
phap, phuong an xtr 1y. Cac van dé can nghién ciru, giai quyét va phat trién. Cudi
cung nhan dinh va rit ra cac két qua dat dugc tu cac chuong ciing nhu dua ra huéng
phat trién dé tai.

1.7. Du kién va wng dung két qua nghién ciru
1.7.1. Dy kién két qua nghién ctru
Gop phan nghién ciru co s& phuong phap ludn dé xac dinh céu trac va kich

thudc & trang thai dong ctia hé théng phan loai xoai nham dat muyc tiéu tdi uu vé kich
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thudc ciia hé théng lam viéc dé phu hop véi nhiém vu phén loai hodc dong goi trong
day chuyén san xuat thuc pham.

Xéc dinh bai toan dong luc hoc thudn va nghich co hé may dya trén moé hinh bai
toan bao dam dd chinh xac dong luc hoc dudi tac dong cua hé lam viéc, két qua mo phdng
bai toan dong hoc béng cac phén mém hd trg tinh toan va mé phong dong luc hoc co hé.

Phat trién bo diéu khién cho hé thong timg dung Al trong xir 1y, phan loai x0ai.
Trong d6 quan tdm dén cac phuong phap mo hinh phan loai du doan do chinh x4c. Tinh
toan chinh xac va xur Iy thoi gian thuc cho mo hinh bai toan dong lyc hoc thuan va nguoc,
nhan dang chinh x4c cac thong s6 ctia mé hinh va kién trac diéu khién cho phép giam thiéu
anh huong cta cac yéu to.

Ung dung bai toan trong cong nghé xir Iy anh két hop Al (xir Iy anh, may hoc,
mang than kinh nhan tao) nham xac dinh chinh xac d6i twong dé phan loai hoic dong
g6i trong day chuyén phan loai xoai, tir d6 tao ra 1énh phu hop 18n bo diéu khién hé
thong dé diéu khién hé thdng 1am viéc chinh x4c va hiéu qua.

1.7.2. Ung dung két qua

Céc két qua nghién ciru dat duge sé dugc ung dung trong cic nghién ctru va
phat trién hé thong phan loai xoai tai Viét Nam va thé gi6i. Ngoai ra, hé thong ciing
s€ phan loai dugc cac loai ndng san khac (ca chua, khoai tay, cam, chanh...) néu thay
d6i mot s6 co cau va phuong phéap diéu khién.

Heé théng phan loai xoai dap g nhu cau phat trién trang thiét bi trong nganh
co khi ty dong héa nong nghiép. Ung dung cong nghé cao (4.0) tir nghién ciru hé
thdng vao viéc phan loai xoai theo tiéu chuan Global GAP va céc loai nong san khac.

Pic biét, cac phuong phap xay dung mé hinh phan loai, phuong phéap diéu
khién phan loai s& dugc sir dung nham tng dung va phét trién nhitng hé théng phan

loai nong san khac co tinh chat va kich thude phuc tap, yéu cau d chinh xéc cao.
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CHUONG II: NGHIEN CU'U MO HINH THI NGHIEM
HE THONG PHAN LOAI XOAI THEO KHOI LUQONG

Trong chuong I d4 tong hop, phan tich, danh gia tong quan va co so 1y thuyét
cc van dé nghién ctu, cac tai liéu dé tim ra thuan loi va han ché, vu va nhuoc diém
clia cac phuong phap thuc hién 1én hé thong phan loai ndng san, dic biét 1a v6i xoai.
Chuong II nay (Hinh 1.32) s& di vao nghién ciru mé hinh hé thong phan loai xoai theo
khéi lugng, budce dau cho viéc hinh thanh hé théng phan loai xoai tyr dong ing dung
cac phan tiép theo 12 xtr Iy anh va Al (dé cap ¢ chuong I11 va IV). M6 hinh thi nghiém
phan loai xo0ai ndy bao gdm nguyén 1y hoat dong cho hé thdng, cic co cdu bang tai,
co cau diéu khién, co cAu chip hanh, co ciu phan loai... nham thyc hién phan loai
x0ai theo khéi luong dé so sanh va xac dinh gitra khdi lwong xoai thyc té va khoi
lugng xoai can trén bang tai. Tu do, hé théng phan loai xoai ty dong dugc hoan thi¢n
v6i sai s6 khoi luong trai trong pham vi cho phép (Bdng 1.3).

2.1. Khai quat vé mod hinh hé théng phan loai xoai theo khéi lwong
2.2. Nguyén ly hoat dong

Mo ta viéc dinh vi xoai trén bang tai: trai xoai ban dau duogc dua vao bang tai
con lan di chuyén vao budng chup, khi con lan quay tron (cic con lin ndi tiép nhau
va dong thoi quay cuing luc), trai xoai duoc ldn qua cac mat 360° trén co cau lin lién tiép
nhau, do d6 cac mat cua trai xoai s€ dugc chup bdi camera dugc thiét 1ap sao cho quay
video cac mit clia trai xoai. Dung 1 camera (trong budng chup xir Iy anh va duoc dé xuat
trong chuong 111 (Hinh 3.6-3.8) vi chuong nay chua str dung dén xir Iy anh), duoc bd tri
dé chup tir trén xudng khi xo0ai quay theo bang tai con lan, sau d6 chiét xuat hinh anh va
dwa vé hé thong xtr 1y dé phan loai.

Nguyén 1y hoat dong: Trai xoai duoc bang tai dua qua xur Iy anh. Trong budng
chup ¢ gan 1 camera 1am nhiém vu xir Iy anh mau dé tim ra cac khuyét tat trén bé mat
trai xoai nhu d6m mau den, tham, bam dap, dong thoi 1a cac khuyét tat hinh dang nhur bi

eo, hu hong... dong thoi camera cling s€ tién hanh quét ca trai xoai (chiéu dai, chiéu
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ngang, chiéu cao) dé tinh thé tich cua trai xoai. Sau d6 trai xoai dat yéu cau vé hinh dang
mau sic s& dugc dua ti phan bang tai thir 2 dé tién hanh tinh toan khéi luong. Tai day
phia bén dudi bang tai c6 gin 1 Loadcell (Cam bién lyc) loai 2kg. Khi trai xoai dén day
Loadcell s& tién hanh cén, tra vé khéi luong thuc cla trai xoai. Cudi cing sau khi co
duoc sb liéu vé khéi luong va thé tich cin ctr vao tiéu chuan phan loai xoai dé co ciu

phan loai tién hanh phan loai xoai thanh 3 loai khac nhau theo yéu cau (Hinh 2.1).

1 I
{| Budng |
t| chup xur t
t| 1y anh :
1 I
i ¥ i
|
A -~ | i ] . - A
;ﬁu\): :, I):glz'ii » Bing tai » Bingtai —» Cocau E > S:; iggﬁg:iu
Sl i | con lan xodi phin loai | ! 3
cac loai ! : V2.3
l 's
.................... 1---------------------
Hé thong
dieu khién

Hinh 2.1. So 0 tong quat mo hinh hé thong phan loai xoai
Céu tao ctia md hinh hé thong phan loai xo0ai theo khdi lugng gém cac phan dugc
két hop, gan trén cung 1 khung c6 dinh va bb tri theo thir ty timg phan (Hinh 2.2).

Xit Iy
L aiih La
D?“ N N (?o:f;g %f;i lp| Cankhéi | Cochu
vao 5 luong phan loai
hong)
Tinh

2 I
thé tich

Hinh 2.2. So d6 nguyén 1y hoat dong hé thong phan loai xoai theo khdi lugng
Hoat dong: bang tai c6 budng chup dé xtr Iy anh mau, tim ra mau sic, khuyét
tat hinh dang va tinh thé tich trai xoai;
Co céu gat loai bo nhiing trai khong dat yéu cau vé hinh dang;
Bang tai c6 chira Cam bién luc (Loadcell) dé tinh khéi lugng cua ting trai xoai;

Bang tai c6 co cau phan loai dung dé phan loai xoai ra thanh céc loai.
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2.3. Co cau khung h¢ thong phan loai

Vi m6 hinh hé théng gdm nhiéu phan bing tai ghép lai v6i nhau nén doi hoi
gitra cac phﬁn bang tai phai dugc lién két chit ché cling nhu déng bd, tao nén co cau
xuyén xudt trong qué tinh nén khung d& phai 1a 1 khung cb dinh lién mach dé géan ca
3 bd phan bang tai 1én. Chon chiéu rong, chiéu cao khung. Chiéu dai tdi thiéu cua
khung trong (2.1).

l _ lba“mg tai 1+lbéng tai 2+lbing tai3 71
khung t6i thiéu — 5 (2.1)

2.4. Co cau bing tai dé xir Iy anh va thé tich

My tinh

Bufing xt¥ ly anh

Biing tai xir Iy inh Cam bién
. _ Mang trugt
Hinh 2.3. M6 hinh hé théng bing tai dé xtr Iy anh va thé tich

Nguyén 1y hoat dong: Sau khi xoai duoc cap tir phan cap nguyén liéu sé theo
bang tai dén bd phan xir 1y anh. Tai ddy dugc bd tri camera dé quét tim ra cac di tat
vé hinh dang, mau sdc trai bi méo, eo, c6 nhiéu vét ddm den, hu, dap bo. Nhirng trai
dat chuan s& duoc chuyén dén phan bang tai tiép theo, dong thoi nhitng trai khong
dat tiéu chuan sé bi loai bo bé‘tng co ciu gat. Déng thoi luc nay camera cling sé tién
hanh quét theo chiéu dai, chiéu ngang va chiéu cao cia trai xoai tir d6 tinh dugc ra

thé tich cta trai xoai theo phuong phap thong ké (Hinh 2.3).
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Pay 1a phan bang tai bao gdm co6 ca bd phan xtr 1y anh va co ciu gat bo trai

khong dat tiéu chuan. Chiéu dai bang tai trong (2.2).
ing tai1 = lbang taixeitanh + lbing tai chiva co ciu gat (2.2)

Vi phan bang tai chira co cau gat thi chiéu dai tdi da cua trai xoai 1a: 150 mm,
khoang cach an toan v&i 2 dau trai xoai 1a 90 mm.

Phén bing tai chira co cau xir 1y anh, hop chira c6 kich thude: dai x rong x cao.
2.5. Co céu gat loai bo trai héng

Nguyén ly hoat dong: xoai sau khi di qua khu vyc xir Iy anh dén bo phan gat,
tai day duoc gin sin 1 cam bién hong ngoai dé phat hién vat. Sau khi nhan duoc tin
hiéu xur ly diéu khién tir PLC tra vé kich hoat cam bién, cam bién phat hi¢n tria xoai
s& tra tin hiéu nguoc vé PLC dé PLC diéu khién co cau gat (xy lanh gat) sé tién hanh
gat bo nhitng trai khong dat tiéu chuan ra khoi bang tai (vao mang trugt) vao thing
dung dugc bd tri phia trudce xy lanh (Hinh 2.3).

Duya theo khi lwong trung binh ctia cat Chu va cat Hoa Loc va trong qué trinh
thuc nghiém thi khoi lugng 16n nhat ma trai xoai c6 thé dat dén:

Mypar = 750 g

Nén: Pypsi =m.g=07510=75N

Chon g = 10 m/s?

Pé can gat co thé day duogc trai xoai ra khoi bang tai thi:

Fasy > Proai + Finasae- t9B
B qua ma sat giita trai xodi v6i bing tai vi luc ma sat khong dang ké nén:
Fazy > Pyoai © Fazy > 75N
Ap suit khi nén ciia cac may nén khi thong dung:
p = 6 bar = 6,1183 kgf/cm®
Téi trong dap ting cua trai xoai la: F=7,5 N=0,75 kg
Duong kinh xi lanh:

. _ |[F.4 | 0754
xilanh = 1p 7~ 6,1183.7

Chon duong kinh xi lanh 1a d,; j4np = 5 mm

=0,41cm

Chiéu dai hanh trinh xy lanh 16n hon chiéu rong bang tai dé dam bao xy lanh

day dugc hoan toan trai xoai ra khoi bang tai.
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Do sir dung xy-lanh nén thuc nghiém can cin chinh lai luvong khi cung cap dé
tao ra luc du 16n dé day xoai nhung khong gy ra hu hong bé mit cho trai xoai. Pong
thoi toc do di ra cta xy lanh khong dugce vuot qua téc do bang tai tranh trudng hop
x0ai bi hit ving ra khoi bang tai. Vay can dung 1 xi lanh & co cau nay.

2.6. Co ciu bing tai tinh khoi lwgng xoai

Cim bién

Loadcell
| Biing tai cin khéi lwong A
Hinh 2.4. M6 hinh hoat d6ng bang tai tinh khéi luong

Nguyén 1y hoat dong: Xoai dat chudn vé hinh dang mau sic sé& theo bang tai
di qua khu vuc xt 1y. Tai day & dudi bang tai dugc gin 1 Loadcell 1am nhiém vy cin
khéi luong cua trai xoai (két ndi truc tiép voi PLC). Sau d6 két qua duoc tra vé PLC
xt 1y tiép theo (Hinh 2.4). Khdi lugng thyc té ciia trai xoai trong (2.3).

m=m;+my 2.3)

Trong d6: m, 13 phan khdi lugng ma bi mat do luc dan hdi (bang hop lyc cing
bang tai tai thoi diém dang xét); m,: phan khéi luvong ma Loadcell doc duoc.

Vido chuyén vi ctia dau can Loadcell rat nhé véi khéi luong trung binh trai xoai
tir 350-700g nén bo qua va coi nhu toan bd khdi lugng m2 tac dung 1én Loadcell khi m1
d3 1am cho cho trai xoai d¢ bang tai xuéng 1 doan a cham vao Loadcell.

Gia st bang tai gian déu véi luc dan hoi: Fg,= K.Al

Véi K (N/mm) 1a hé sb dan hdi: K==

0
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Trong d6: E 1a mo-dun dan hoi ctia bang tai
S 1a tiét dién bang tai
1o chiéu dai bang tai xét
Al (mm) la d¢ gian ra cua bang tai
Tai thoi diém bang tai chay 6n dinh véi van toc v (mm/s)

Khi c6 tai (trai xoai) thi bang tai chung xudng mot doan a

Il F 1l
Hinh 2.5. So db tinh khéi lugng thuce t cia trai xoai

Xét bang tai tai diém D tiép tuyén voi trai xoai (Hinh 2.5).

Theo dinh luat 2 Newton: P, + Y%, T, =0

Khi phan tich: T =3 Toxs + 51 Toys

Xét trong hé truc Oxz: Gia sir ban dau chua c6 tai (trai xoai) thi bang tai bi

gian ra 1 doan Al boi luc kéo bang tai (Hinh 2.6).

Z A
X
oL
7
X

A Ti1 C| Th B
[ L P11’
(I —
l 11 Fox

= T12'
Pl1

Hinh 2.6. So d phén tich tinh tai trong tri xo4i 1én bing t4i theo truc x
Phan tich: Fk = Fdh =T =KAI
Vé6i T (N) 1a lyc cang tai B khi bang tai chay véi van toc v (mm/s):

_1000.P

)
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Véi P (w) cong suat truc B; P = o
x ol

Chon: n,=0.97;n,=0.99
Vi biing tai gian déu nén xét tai diém C cach A 1 doan x thi lyc dan hoi 1: Fay Fap:
Fan1 = Fan
Véi: Fani =T = KiAl;
Fano=T12= KAl

K1=K - K=K fo

02
All =X- 101; Alzz [-x- loz
Iot +102=10=1-Az=1-%
KlAll - KzAlz - O
log + 1oz =1

{(l - .X)l()l - xloz = 0
lor +loz = 1o

Nén: {

l _ xlo l (l x)lo
01— 1 02~ l

Ky =K—: K =K. —

l—x

Fp Fi
-k I—x) (I—k
& (mm); Al2 = l—x—Ll") (mm);

Khi da co6 tai trong (trai xoai):

Ah:X_

Gia su dat Loadcell cach bang tai 1 doan a (mm)

Khi d6 vi tri C thanh D lam bang tai cang T,’T,’ va gian ra Al;” Aly’;
Voi: Ty = KiAL; Ty = KoAly

o la goc hop boi T,” va Ty’

Xét can bang tai diém D: E) = ﬁ)’ + E”

Theo dinh ly cosin: P112= T, 2+ T, 2y 2T,’Tyy’ Cos (o)

Nén:

P = g(m G B e i G 2

ZC(VXZ + a? - ))’(l (\/(l x)Z + a2 — (-x )( ) x2+a?-xl

l ))\/x2+a2 J(- x)2+a2]
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x%+a?-xl

Voi: Cos(a) = V2t (l—x)2+a?
A11,= AC- l()l; Alz’z BC- 102;
Suy ra: my; = % 1000 (g) (2.4)

Véimoi I; K; F; a ¢d dinh nén ludn c6 su phu thudc ciia m vao x theo do thi (Hinh 2.7).

L 108 Do thi lien he giua m va x
4519 9
4t _
35T y
3 - -
o
£ 2.5
23 §
151 i
@ (0
1| _
05 Q o) 4
o %
0 (?Ooﬂnmf\rxve_e_eonnm[‘.(\zcoq
0 50 100 150 200 250 300
x(mm)

Hinh 2.7. Biéu d6 lién h¢ giita kh6i luong xoai 1én truc x

Két qua: Dya vao dd thi Hinh 2.7, khi trai xoai chay tu dau bang tai dén cubi bang
tai thi khdi lugng Loadcell doc vé s& thay d6i ma cam bién khéng thé nao canh dugc trai
xo0di dén dung 1 vi tri x (dit Loadcell dé can) nén dé ra phuong 4n giai quyét:

Pit Loadcell caneyviuix=§ gitta bang tai (noi ma khdi lugng Loadcell tra vé 13 16n nhat).

Sau d6 lay gia tri max ma Loadcell tra vé ciia mang da dugc luu véi n gia tri
khi ¢6 cam bién (trai xoai dén ving gia tri).

Vi néu Loadcell cham vao bing tai (a<0) thi khi bang tai chay sé& tao dao dong
kho kiém soat duge gia Loadcell doc vé (scale vé 0 khi chua c6 tai va tra vé khdi
luong m khi c6 tai boi do Loadcell rat nhay).

Cudi cung, cach thurc thuc hién viéc can dong nang cao d6 chinh xéac. Vi hé théng

phan loai hoat dong lién tuc khi bat dau khoi dong, bang tai chira xo0ai quay theo van toc
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da dinh nén khi can xoai trén bang tai, tai noi dat Loadcell chi thuc hién can xo0ai theo
chuyén dong vi néu dimg bang tai lai dé can trudc khi hoat dong tiép s& xay ra tinh trang
dut quang dé& hu hong hé thong co khi va 16i chuong trinh diéu khién trén hé thong, dé
nang cao do chinh xac khi cAn dong nén tién hanh diéu chinh phan ctng (co cau dat trai
x0di trén bang tai duoc cai tién lai cho phu hop, thay dbi bang tai con lan can xoai thanh
bang tai chira khay dung timg trai) va hé théng diéu khién.

Xét trong miit phing Oyz: Gia st hai ¢au E va F dugc do bang hai miéng d& cach
bang tai mot doan bang 0, khi d6 xem hai dau E, F ¢6 dinh, luc nay so d6 phan bd luc
trong (Hinh 2.8).

Z
Lﬁ
(o]
b
v
E C F
1 I ﬁZ'
a T31 B
D T22'
VP12

Hinh 2.8. So d phén tich tinh tai trong tri xo4i 1én bing t4i theo truc y
Khi chua c6 tai trong thi khong c6 luc tac dung tai C trong mit phang nay.

Khi c6 tai trong, xét can bang tai D: P, =Ty + Ty
Theo dlnh l}” cosin: P122 = TZI, 2 + Tzz, 2 + 2T21’T22,COS(B)

Twong ty nhu trudng hop trong mat phang Oxz véi F=0; y dong vai tro nhu x;

b dong vai tro /; K’ dong vai tro K; f dong vai tro a.

Nén: Po’=K2[C (VY2 + a2 -y +G5 (/b —»Z+ a2 — (b~ y))
2.C (@ - 9. 65 By + @ - (b= ). ]

+a2?./(b—y)2+a?

y2+a®-yb
2+a2./(b-y)2+a?

Voi: Cos(B) = %
Suy ra: my,= % 1000 (g) 2.5)

Tuong tu ciing c6 su phu thudc ctia m vao y theo d6 thi trong (Hink 2.9).
Két qua: Dya vao do thi trén, v6i cing mot trai xoai nhung khi dt ¢ vi tri gitra

thi gié trj tra vé Loadcell s& khac ma lai khong thé canh chinh xéc trai xoai & vi tri chinh
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gifta bang tai duoc. Giai phap khic phuc twong ty nhu phan xét trong mit phang Oxz
(cai tién chd bang tai ddt xoai can tir con lan thanh khay chua 1 trai). Mic khac thuc té
thi trai xoai khong tiép xtic véi bang tai chi tai diém tiép tuyén ma 1a tiép xtc theo mot
ving dién tich ma ving dién tich tiép xtic cang 16n thi phan khéi luong ctia trai xodi bang
tai chiu s& 16n. Hay noi cach khac v6i (2.4), (2.5) thi phan m; = m,; + my, s& bi thay doi
bdi vi tri (sai 1éch so voi vi tri gitra) va phén dién tich tiép tiép XUC cua trai xoai va bang
tai (44 dugc chimg minh bang cach dung 1 trai xoai tha vao vi tri gitta y = g thi sau moi
14n c4n gi4 tri sai léch vai gram).

Pé khac phuc diéu nay nén dé ra giai phap: Dung 100 trai xoai cin ngoai bang
tai dé 1y gia tri khdi luong thuc té my cua timg trai (xoai dugc danh dau, gdm 3 loai
x0ai tir 300-500 gram, chay 10 vong bang tai, mdi vong 10 trai dé xac dinh su 6n dinh
hé thong va 13y gia tri trung binh cua timg trai), vi chi thi nghiém dé so sanh khéi
luong xoai khi can thyc té va khi cho xoai chay c6 van toc trén bang tai nén khong
can phai lay s6 luong nhiéu [9].

<10° Do thi lien he giuamvay

- :
0 0

P oK
oTo
1

00 120 140 160 180
y (mm)

Hinh 2.9. Biéu db lién hé giira khéi lugng xoai 1én truc y
Sau d6 dung tung trai tha vao gitra bang tai (y = g ) can 10 1an sau d6 lay duoc

gia tri trung binh cua tung trai.
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Tiép theo v& d0 thi dé xem sy phu thudc 1an nhau cua ching, déng thoi tuyét tinh
hoa ching vé ham bac n dé canh vé gia tri thyc té dua vao khi lugng Loadcell doc ve. Trong
qua trinh thyc nghiém dé diéu khién bang tai quay st dung dong co véi toc do quay tdi da
Nmax = 50 vONg/phit (v/p), diéu khién dong co quay theo toc do dinh san.

Trong qué trinh thuc nghiém thi téc d6 quay cua bang tai la:

v = 10,7 v/p khi max tin hiéu xung 1a 255. Nhung thyc té khi cho thyc
nghiém céc toc do khac nhau ciia bang tai:

Vi tin hi¢u vao 1a 150 thiv = 6,31 v/p
Vi tin hiéu vao 1a 100 thiv = 4,21 v/p

Tin hi€u 255 - v4, =50 v/p > v, = 50:56 =10,73v/p
Tin hi€u 150 - v4, =30 v/p 2 vy, = 37;56 6,31v/p
Tin hi€u 100 - v4, = 20 v/p 2 vy, = 207156—421 v/p

820

Véitée do v = 4,21 v/p thi bang tai hoat dong 6 6n dinh cho ra két qua do it
sai sO nhét so véi khéi lwong va thé tich thuc té cia trai xoai.

Khéi Iuong 100 trai xoai thue t& va khi can voi v =631 vip vav =421 vip (Bdng 2.1).

Do phia trong gitra bang tai dugc b tri thém 1 Loadcell dé can khi lwong trai xodi
nén dudng kinh ru 16 phai dii 16n dé dat duoc Loadcell va b phan ga sao cho phu hop voi
viée can nén chon: d,, ;5 = 60 mm (thyc nghiém kiém tra 1a pht hop).

B6 tri Loadcell phia dudi bang tai: Hinh 2.5.
2.7. Co cau phin loai xoai theo khdi lwgng

Nguyén 1y hoat dong: Sau khi nhan dugc két qua tra vé tir khdi luong va thé
tich, PLC s& tién hanh diéu khién xy lanh bang cach tra tin hiéu vé thong qua bd hen
gid Timer dé gat xoai theo ting loai khac nhau dua vao tiéu chudn phan loai ddi véi
x0ai cat Chu va xoai cat Hoa Loc (Hinh 2.10). Dua theo cach tinh khéi luong trai
X0ai & Muc 2.4: Can ¢t vao s6 loai x0ai can phan loai la 3 va chiéu dai tdi da cua trai
xo0di 12 150 mm. Chia phan bang tai chira co cau gat phan loai xoai ra lam 3 phan,
mdi phan s& c¢6 1 xi lanh phan loai.

Vay: Tong s6 xi lanh can st dung & co cdu ndy 1a 3 xy lanh.
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Hinh 2.10. M6 hinh h¢ thong phan loai xoai theo co ciu xylanh
2.8. Két qua xac dinh khoi lwgng xoai trén bing tai

Bang 2.1. Khdi lwong xoai thuc té va khi can trén bang tai
voiv=6,31v/pvav=421vlp

STT Khoi lugng | Khoi lugng khi | Khoi lwrgng khi
thue té v=6,31v/p v=421v/p
1 307.938 257.5721 263.15
2 240.674 190.308 207.2061
3 246.416 179.152 212.784
4 302.36 256.9158 263.15
5 307.938 254.7831 268.728
6 302.36 240.0178 268.728
7 291.204 240.3459 251.994
98 296.782 245.9239 251.994
99 375.202 311.0551 330.4141
100 347.148 309.2505 302.36

Tir két qua trén Bang 2.1 (thi nghiém 100 trai xoai dwoc danh ddu va mdi trai cho
chay 10 lan (vong), ldy gi4 trj trung binh mdi trai), dit liéu thir nghiém dua vao gia tri xtr
Iy s6 lidu thyc nghiém thi dugc coi 1a dat [9]), d& dang nhan thiy rang khéi luong khi can

trén bang tai dong s& luén nho hon khéi lugng gc mot gia tri nao d6. Va khi can xoai trén
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bang tai voi van toc = 4,21 v/p s€ gﬁn véi khbi luong xoai thuc té, chinh x4c hon so véi
van toc v = 6,31 v/p. Tuy nhién, sai s6 khbi lwong van con kha cao, van dé nay s€ duoc
giai quyét trong chuong III, khi két hop hé théng phén loai voi cong nghé xtr 1y anh, s&
diéu chinh cac thong s6 phu phudc gitp gidm sai s6 t6i da nham xac dinh khdi lugng trai
x0ai chinh x4c, it sai s6 so véi khoi lugng xoai thuc té.

2.9. Két luin

Khi nghién ctru tong quan va co sé 1y thuyét vé cac mo hinh va hé thong phan
loai néng san cac nghién ciru trong va ngoai nudc. Tién hanh nghién ctru va hoan
thanh viéc tinh todn, ing dung thanh cong moé hinh hé théng phan loai xoai tu dong
theo khdi luong, budc dau cho viée tng dung cac phuong phap mé hinh sir dung cong
nghé xir 1y anh 1én hé thong phan loai xoai & chuong I (Hinh 2.11).

Trong nghién ctru c6 xac dinh khdi lugng trai xoai khi can thuc té va khi
luong xo0ai khi cho cho chay trén bang tai, so sanh khoi lugng giira 2 két qua, sai sb
xay ra véi khéi luong xoai can trén bang tai st dung Loadcell thi luén nho hon khéi
lugng xoai thuc té. Pé khic phuc diéu nay, khi dén chuong III da thyc hién diéu chinh
lai sao cho khéi lwong x0ai cin trén biang tai cho sai s nho nhat (sai sé cho phép) so

v6i khéi luong thuc té.

Bang tai xtt ly anh, phat hién
Béng tai phan loai xoai theo khéi lwong céc khuyét tat cua xoal

Vi tri dat Camera| : E ‘ﬁ

g e

Céc khay phan xoai thanh timg loai Vi tri dit Loadcell
theo yéu cau phan loai khéi lueng

Hinh 2.11. M6 hinh hoat dong hé théng phan loai xoai ty dong
< MG hinh thi nghiém hé thong phan loai xodi theo khoi lwong da dwoc cong bo

1 bai bdo quéc té cé chi so Scopus (Phu luc 1).
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CHUONG III: PHAN LOAI XOAI THEO KHOI LUQNG,
THE TiCH VA KHUYET TAT SU DUNG
CONG NGHE XU LY ANH

Trong chuong II da nghién ctru va hoan thanh viéc nghién ctru tinh toan thanh
cong mo hinh hé théng phan loai xoai ty dong theo khdi lugng. Tai day, so sanh va
xac dinh duoc khdi luong trai xoai khi can thyc té va khi chay trén bang tai. Tuy
nhién da xay ra sai s6 khong nho giita khéi luong trai xoai khi can trén bang tai va
thuc té. Pé khic phuc diéu nay, khi dén chwong III (Hinh 1.32) da thuc hién diéu
chinh lai sao cho khéi lugng xoai cin trén bang tai cho sai s nho nhat (sai sé cho
phép) so véi khdi luong thuc té va ung dung xtr 1y anh 1én hé thdng. Phuong phap
thuc hién diéu chinh hé théng, diéu khién cac thong s6 dau vao trén phan mém hé
thdng may chi (trong d6 c6 diéu khién xac dinh khéi luong xo0ai qua Loadcell), tng
dung cong nghé xur Iy anh dé phan loai khuyét tat, tinh thé tich trai, sau d6 xac dinh
khéi lugng trai xoai phan loai dau ra dugc chinh xac timg loai 1, 2, va 3.

3.1. Khai quat vé cong nghé xir Iy anh

Trai xoai hiém khi c6 hinh cAu hoan hao, hau hét cac qua xoai déu dai (D <L).
Mot cach don gian dé tinh dén su thay doi trong hinh dang qua xoai 13 st dung ty 18
(R) giita chiéu dai va duong kinh: R = L/D. Do d6, khdi lugng xoai da hiéu chinh s&
co trong (3.1).

Vo = Vg + Vo(KR — 1); Vp = 1.1D%L7/6 (3.1

Trong d6 Vp la thé tich xoai d4 higu chinh, Vs 14 tich xoai xoai ban dau va K
1a hé sb hinh dang thay d6i theo loai qua. Sau khi phat trién va sap xép lai, phuong
trinh sau thu dwoc véi D va L tinh bang cm va Vp tinh bang cm?®.

Su phét trién va tng dung cta xir 1y hinh anh trong viéc phat hién khuyét tat
bé mit trai cdy trong linh vuc nong nghiép dang ngdy mot phat trién. Giam sat va
phat hién khuyét tat dang trd thanh van dé quan trong trong viéc phéan loai trai cdy.
Nhan biét bé mat trai cay 1a chi sé quan trong trong viéc nhan biét chat luong. Trong

chuong nay sé trinh bay phwong phap tu dong phat hién khuyét tat trén bé mat trai
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x0ai dua trén cong nghé xir Iy anh. Phan mém va thu vién sir dung trong dé tai la
Visual studio 2017, thu vién OpenCvSharp3.0, thu vién Aforge.Net.

Thu vién OpenCvSharp: OpenCV 1a mot thu vién ma ngudn mé hang dau cho
xtr Iy anh va may hoc, va cic tinh nang ting toc GPU trong hoat dong thoi gian thuc.
Thu vién ndy chtra hang ngan thuat toan ti uu hod, trong d6 cung cap mot bo cong
cu phd bién cho cac tng dung vé xir Iy anh. OpenCV dang duoc sir dung trong rat
nhiéu tng dung, tir khau hinh anh Street View ctia Google t6i viéc chay cac chuong
trinh ngh¢ thuat tuong tic, nhan dién khuén mat, hay Robot, xe hoi ty lai.
OpenCvSharp 12 nén tang dugc dong goi tir OpenCv dé st dung trén nén tang lap
trinh Net Framework.

Thu vién Aforge Net: Aforge Net 1a mot nén tang C# duoc thiét ké cho nha
phat trién hodc nghién ctru trong linh vuyc thi gidc may va Al - xtr Iy anh, mang than
kinh nhén tao, cac thuat toan di truyén, logic mo, may hoc, robot. Nén tang nay 1a tap
hop céc thu vién va cac g dung mau, chiing c6 céc dic tinh:

Trong dé tai nay 4p dung nhitng img dung ciia thu vién Aforge Net dé két nbi
vOi camera, thu dit liéu vé tir camera.

Quy trinh phéan loai xo0ai st dung cong nghé xur ly anh:

Phan loai xoai
dua trén
khuyét tat

Camera Xuly
>

; Phén loai xodi theo
chup anh anh

khéi lugng
Xéc dinh thé /

tich xoai

Xoai

Hinh 3.1. So d0 quy trinh phan loai xoai sir dung cong nghé xir 1y anh
Phuong thirc thuc hién (Hinh 3.1): dit liéu x0ai nguyén liéu ban dau (gan nhan)
dugc do thu cong bang cac phuong phap ding thude kep do chiéu dai, rong va cao
(thé tich) va tinh thé tich trdi bang phuong phap binh tran, xac dinh khéi luong bang
can do. Pay 1a bo dir liéu mau ban dau. Khi ¢6 bo dit liéu, dua xo0ai 1én hé théng phan

loai, tai buéng xu ly anh, camera s€ quay video, chup anh dua vé hé théng xur ly anh
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(trung tAm diéu khién) dé xtr Iy anh (nhiéu cong doan s& dugc gidi thiéu trong phan
nay). Tai day, xoai s& dugc phan loai theo khuyét tat tim thiy, dong thoi hé théng xtr
Iy anh s& xac dinh thé tich xoai bang phuong phap thong ké. Sau do, két hop voi hé
thdng xac dinh khéi luong xoai dé phan loai xo0di ra ting loai 1, 2 va 3.
3.2. Nguyén ly hoat dong hé théng xir Iy anh

Ngay nay, hé thong thi giac may co su hiéu qua vé tiét kiém thoi gian, giam
chi phi lao dong, nhat quén, tdc dd cao va su chinh xac khi danh gia chit lugng trai
cdy. Anh k¥ thuat s6 13 chia khoa quan trong dé 1dy dir liéu xtr 1y, viéc trich xuat dix
liéu tur anh k¥ thuat s6 va hiéu dugc chung s& giup thuc hién dugc mot sb tac vu quan

trong trong dé tai ndy.

Dén
chiéu sang
v o
Maiy anh "| Anh chup Xir 1y hinh anh
Hé théng diéu khién, Trich xuit théng tin | Phéntich anh
co cdu chip hanh (dit ligu) tir anh sau khi xir 1y

Hinh 3.2. So d6 nguyén tic xir Iy anh trong thi gidc may

Mau sic trong thi giac may duoc st dung dé woc tinh do Brix, muc do khuyét tat,
thoi gian bao quan va gia tri dinh dudng. V& thi giac méy s& c6 hai phan chinh: chup anh
va xtr Iy anh. Dé tai nay ap dung cho trai cdy don mau, hé thdng s& xac dinh cy thé cac
thudc tinh cta trai xoai nhu: kich thude trai (chiéu dai, chiéu rong, chiéu cao), kich thudc
phan khuyét tat (dién tich phan khuyét tat). Nguyén tic xir Iy anh trong thi giac may dugc
thé hién trong Hinh 3.2.
3.3. Hé thong phan loai xoai sir dung cong ngh¢ xir Iy anh
3.3.1. Cau triic hé thong phan loai

Véi dic tinh cac loai xoai phan loai duoc miéu ta trong 1y thuyét chwong I va
phan loai xoai dugc phan tich trong chuong II, mot hé thong bao gdm nhiéu phan
duoc két hop lai v&i nhau dé thuc hién viée phan loai xoai. Muc tiéu la di chuyén xo0ai
qua cac hé thong phan loai, do va thu thap dit liéu hinh anh, can va két hop cac dix
lidu dé phan loai. Vi yéu cau dit ra 1a phan loai xoai theo khdi lugng, thé tich va

khuyét tat. Hinh 3.3 14 cu triic hé théng phan loai xoai, hé thdng gom c6 bo phan cap
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lidu, hé théng xir Iy anh dé do kich thudc xoai, can khdi lugng xo0di va co ciu phan
loai lién tuc. Toc d6 cua cac bd phan dugc tinh toan déng bo dam bao hé théng hoat

dong lién tuc va on dinh.

Hé théng can va
co' ciu phan loai

Hé théng xt ly anh
=

_mphancteies (TN 1 [P YT :
| A A LA ALK AT
{ 10— OroHHH+++0|,
A ]G SRR 4
. e
N\ X I AVA A A A

Xoai da phan loai
Hinh 3.3. Ciu triic hé thdng phan loai xoai

3.3.2. Giai thuit h¢ thong phan loai xoai theo khuyét tit, thé tich va khdi lrong

Sai I
A Duang Camera xir ly 4anh va
Ziiad CB phat _ gt d
Bat‘dau ———p- hagn xodi tinh thé tich
Sai
CB phat I Sai
hién xodi & | Lm gid trj the tich L__ Hir hong
vdo mang
(Loadcell) l }
i DPuang
DPang X
L Gatbo |
Tinh khoi hrgmg
*:
Sai -
Ti trong < 300 <TT i
e
300 < 600
1 Puang 1 DPuang
Xy lanh phan Xy lanh phan Xy lanh phan
loai 1 loai 2 loai 3
¥
Két thic

Hinh 3.4. Luu dd giéi thudt hé théng phan loai x0ai theo khdi uong, thé tich va khuyét tat tréi



Hé théng xu ly anh ¢6 nhiém vu tiép nhan xoai ttr by phan cép xoai, di chuyén va
chup hinh toan b bé mdt clia trai xoai, sau d6 tién hanh xur 1y va phan loai ra timg loai 1,2
va 3 (Hinh 3.4). C6 nhiéu phuong an chup anh toan bé mit ciia xoai nhu lin, xoay hay sir
dung nhiéu camera. Phuong an dugc lya chon la stir dung bang tai con 1an nhya c6 kha nang
vira di chuyén vira 1an trai xoai d& camera chyp anh toan b trai xoai mot cach lién tuc ma
khong can dung lai. Tai day trai xoai dugc lan 360", quanh tdm cua trai xo0ai, myc dich dé
tim ra cac khuyét tat hinh dang, khuyét tat co trén bé mit trai xoai nhu: ddm nau den, tham,
bam, héo va xac dinh thé tich trai xoai, chuong trinh méy tinh c6 nhiém vu chup anh cac bé
mat cua trai xoai, déng thoi xéc dinh s thi tu coa ting trai.
3.3.3. Quy trinh xir Iy anh va tinh toan s li¢u

Céc budc cua quy trinh xtr Iy anh dugc mo hinh hoa (Hinh 3.5).

Thu nhan anh
v
Tién xtr ly anh
v
Chuyén anh mau RGB sang anh murc
v
Nhi phan hoa anh
v
Phat hién khuy¢t tat va tinh dién tich
v

Phan loai dua trén dién tich khuyét tat

Hinh 3.5. Luu do giai thudt céc budc quy trinh xir I anh
3.3.1.1. Thu nhin dnh
Mot hé théng chiéu sang t6t nén dugc cung cip dong bo vé diéu kién chiéu sang,
khong gian chup, diéu kién burc xa... dé chng tao ra bong cia vt mau va giy nhidu
mau. Chét luong cia anh thu dugc quyét dinh nhiéu dén két qua cua viéc nhan dang,
sau d6 anh phai dugc luu trir theo mét dinh dang phu hop véi cac budce xur 1y sau nay,
anh tao ra c¢6 dang hai chiéu. Camera dit trong hé thong xur Iy anh (Hinh 3.6) va dat

yéu cau xu Iy anh (Hinh 3.7 a). Dua vao thong s6 k¥ thudt cia camera va qua thuc
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nghiém cho thay camera dap tng dugc yéu cau. Qua thyc nghiém, dit camera ¢ gitra
budng chup cach bing tai con ldn 50 cm.

Budng chyp anh

Tam phan ludéng
Bang tai con lan

Hinh 3.6. Hé théng xir 1y anh

Budng chyp: Ding 1 camera duoc bb tri dé chup tir trén xubng (Hinh 3.7 b).

Ong kinh Po r(}ng hinh anh Camcra
1
| |
I
Goéc nhin b4
vz
[ !
a) / Bing tii
« Tiéu cuw > Rém che

Hinh 3.7. a) CAu hinh do rong nhan di¢n anh cua camera;
b) Budng chup hinh trén hé thong phan loai
Mo té cach bo tri camera: Camera dugc dat ngay gitra budng xur ly anh (trén

dén anh sang, budng chup da loc mau, khir nhidu do anh séng), thang vudng goc véi
bang tai con lan, khi xoai di chuyén qua budng chup nho co cau lin xoai s& 1an 360°,
quanh tAm ctia qua xoai, muc dich dé tim ra cac khuyét tat hinh dang, khuyét tat c6
trén bé mat trai xoai nhu: ddm nau den, thim, bam, héo va xac dinh thé tich trai xoai,
chuong trinh may tinh cé nhi¢m vu chup anh céc bé mat cia qua xoai, déng thoi xac
dinh sb th tu ca ting trdi. Camera s& quay video tat ca cdc mat cuia xoai (chiéu dai,

chiéu rong, chidu cao) tir d6 trich xuat hinh anh dén hé thdng xur 1y (téc do chup anh
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dat 30 khung hinh/giay). Khi xir Iy xong mét trai thi trai tiép theo s& dugc nhan dién
va xtr Iy (van toc bang tai con lin 4,21 vong/phut, toc do xu 1y 6 trai/gidy). Trong
budng xir Iy anh dugc bao kin dé tranh nhifu 4nh sang, tai ctra vao budng chup (xoai
nguyén liéu di qua) c6 che man cao su dang chéi, khi xoai vira dén vi tri vach ngin
trong man che budng chup, 1ap tirc camera nhan dang va chup anh (Hinh 3.7 b).

Pén chiéu sang: Viéc sap xép ngudn sang anh huong dang ké dén hinh anh thu
duoc vay nén diéu kién chiéu sang duoc uu tién. Cac mau duoc chiéu sang bé‘mg dan
dén led bulb 5w, dit dan dén led ndm phia dudi camera, xung quanh va ngang véi
bang tai con lan trong budng xtr Iy anh, c6 tim nham 16t mau den dé chdng hét sang,
phan chiéu lai camera. Qua thuc nghiém cho théy vi tri dat dén chiéu sang nhu vay
s& khong tao bong den 1am nhiu anh va cudng d6 sang khong 1am bé mit trai xoai
qua choi, thuan lgi cho viéc nhan dién khuyét tat chinh xac hon (Hinh 3.8 a).

Pinh vi trai xoai trén bing tai (trong budng chup): Qua qua trinh thyc nghiém
(tinh todn nay di duoc cai tién so vdi cac thong sd ban dau trong chuong I dé phu
hop voi muc tiéu yéu ciu dé ra), chidu dai xoai toi da cta xo0ai 13 150 mm, bé rong
16n nhat cta xoai 1a 80 mm, dé dap tmg ning suét toi thiéu 3 tin/gid, khi tinh todn
chiéu dai doan bang tai toi thiéu 1a 1850 mm. Khoang cach giita 2 dng lan bang tai
90 mm nham dam béo céc trai xoai khong cham trong qua trinh truyén tai giup camera

dé quét ting trai xoai (Hinh 3.8 b).

Hinh 3.8. B0 tri camera, anh sang va dinh vi trai xoai trén bang tai
a) ben chiéu sang chong nhicu; b) Dinh vi trdi xoai trén bang tai

H¢ thong bang tai con lan: Qua thyc nghiém, chiéu dai xoai toi da cta xoai la

150 mm, bé rong 16n nhat ctia xoai 1 80 mm. Khoang cach giira 2 éng lin bang tai
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89 mm (day la khoang cach xac dinh 2 trdi xoai lién tiép nhau khi hé théng hoat dong)
nhim dam bao céc trai xoai khong cham trong qua trinh truyén tai gitp camera dé
quét ting trai xoai. Cac dng con lin bang tai dugc s dung bang nhua PVC vi s& gitip
x04i ¢6 thé lan déu trong qua trinh truyén tai, tranh va dap lam hu hong xoai va camera
dé dang nhan dang xoai.

Vi khoang céach 2 truc bang tai 1850 mm, dugc 20 khoang chura. Bé rong
bang tai 1050 mm, chia thanh 3 ludng din xoai. Mi hang gan nang 3 trai xoai, trung
binh khoang 0.3kg/trai. Suy ra 1 vong quay bang tai (9 go) nang duoc 9 trai. Tong s6
x0ai toi da trén bang tai 13 60 trai nham dap Gmg ning suat yéu cau.

Vi cac thong sb di duoc tinh toan, mdi quan hé gitra van tdc dai bang tai, tde
d6 xur Iy camera va toc do xir 1y cta hé thong:

Van toc cua bang tai trong (3.2):

_ztn  38.12,7.23 (3.2)

y= - =0,14m/ s
60000 60000

Trong do6:

z =38 (rang): SO rang dia chu dong

t=p=12,7: budc xich

n =23 (vong/ phut): S6 vong quay banh xich chii dong
Vi tde d6 xtr 1 camera 13 30 khung hinh/gidy, s& d& dang quét 16 cac vét khuyét tat trén xoai.
Cong suat 1am viéc cua bang tai trong (3.3):

_ Fv _1004,5.0,14

) = = =0,14(kW) (3.3)
1000 1000

Trong do6:

F =m.g, (m=102,5 kg: khdi lugng bang tai, g = 9,8)

Tir (3.2), (3.3) suy ra khoang cach giita 2 trai xoai lién tiép nhau 1a 90 mm
(chinh 13 khoang cach giita 2 6ng lan bang tai) va toc d6 xur Iy (cong suat hé thong)
ctia hé théng phan loai.
3.3.3.2. Tién xir ly

Budc nay lam ting kha ning nhan dang chinh xac, ¢ vai trd nang cao chat

luong anh trude khi dem phan tich va nhén dang. Cong viéc cua budc nay thuong la
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khtr nhicu, bién doi anh va nang cao mot s6 dac tinh quan trong cua anh. Trong dé tai

nay su dung b loc Median filter (Hinh 3.9).

liall - il

th

phan te phan tw
trung vi trung vi
treée sau sap
Sap xép xeép

Hinh 3.9. Sip xép phan tir trung vi

B9 loc Median filter: Loc Trung vi 1a mot k¥ thuat loc phi tuyén (non-linear),
B4 loc kha hi¢u qua ddi vai hai loai nhiéu: nhidu dém (speckle noise) va nhiéu mudi
tiéu (salt-pepper noise). Ki thudt ndy 1a mot bude rat phd bién trong xtr Iy anh.

Thuat toan: Str dung mot ctra s6 loc (ma tran 3x3) quét qua lan lugt tung Pixel
clia anh dau vao input (Hinh 3.10). Tai vi tri mdi Pixel lay gi tri cua cac Pixel tuong
g trong ving 3x3 ctia anh gbc "1ap" vao ma tran loc. Sau d6 sap xép cac Pixel trong
clra s6 nay theo thir ty (ting dan hodc giam dan tiy ¥). Cudi cing, gan Pixel nam
chinh giita (Trung vi) cta diy gia tri Pixel dd duoc sip xép & trén cho gia tri Pixel

dang xét cua anh dau ra output.

Trudc loc nhidu Sau loc nhiéu

Hinh 3.10. Anh loc nhiéu
So luoc mot cach ngan gon cac bude cua giai thuat:
Quét cira s6 loc 1én cac thanh phan cta anh gdc; dién cac gié tri dugc quét vao ctra so loc;

Lay cac thanh phan trong ciia so loc dé xir 1y;
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Séap xép theo th ty cac thanh phan trong ctra s6 loc;

Luu lai thanh phan trung vi, gan cho anh output.

Bd loc Median filter c6 trong thu vién OpenCvsharp 3.0, st dung ham:
Cv2.Medianbur();
3.3.3.3. Chuyén anh mau RGB sang dnh mirc xam

Mo hinh mau RGB: str dung mé hinh bd sung trong d6 anh sang do, xanh 14
cdy va xanh lam dugc t6 hop v6i nhau theo nhiéu phuong thirc khic nhau dé tao thanh
cac mau khac trén mot Pixel, cuong d6 ctia mdi mau co thé thay ddi tir 0 dén 255 va
tao ra 16.777.216 mau khac nhau. Dudi day 1a vi du mau vé cuong do cua 3 mau do,

xanh lyuc, xanh lam dé tao ra mau hién thi cia mot Pixel (Hinh 3.11).

D6 | Xanh | Xanh
lue lam

Xanhlue | O 255 0

e SIngle Pixel Xanh lam 0 0 255

: : T I Ving | 255 | 255 0
: . Triing | 255 | 255 | 255
N Colums Den 0 0 0

Hinh 3.11. Hinh anh dugc luu trit va cuong do mau
Anh xam (Gray image) hay con goi 1 anh don sac (Monochromatic), mdi gia

tri Pixel trong ma tran Pixel mang gié tri tir 0 dén 255 (Hinh 3.12).

§i5 1.

Hinh 3.12. Kich thudc trai xoai tim dugc tinh theo don vi pixel
Pé chuyén tir anh RGB sang anh xam (Hinh 3.13) stt dung ham trong
OpenCvSharp: Cv2.cvtcolor();
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Anh mau RGB

Hinh 3.13. Chuyén anh mau RGB sang anh xam
3.3.3.4. Nhj phan héa danh

Nhi phan héa anh 14 qua trinh bién d6i 4nh x4m thanh anh nhi phéan, dugc thé
hién trong (Hinh 3.14, 3.15).

|
Hinh 3.15. Chuyén anh xam sang nhi phan
Anh nhi phéan 14 4nh ma gia tri cta cac Pixel chi dugc biéu dién bang hai gia
tri 1a 0 (Pen) va 255 (Trang).
Cach bién doi:

Goi gia tri cuong do sang tai mot Pixel A I (x, y).
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INP (x, y) 1a cudng do sang cua Pixel trén anh nhi phan.

(V61 0 <x <image. Width) va (0 <y < image. Height).

Pé bién d6i anh xam thanh anh nhi phan (Hinh 3.15). So sanh gia tri cudng do
sang cua Pixel véi mot ngudng nhi phan T.

Néu I (x, y)> T thi INP (x, y) = 0 (0).

Néu I (x, y)> T thi INP (x, y) = 255 (1).

Diéu chinh gia tri T trong khoang (0, 255) sé& cho ra anh nhi phan khac nhau.
Vay nén can diéu chinh gia tri T dé cho ra anh mong mudn.
3.3.3.5. Phit hi¢n va tinh dién tich khuyét tat

Hinh 3.16. Vi du vé thuat toan Contour
Buwée 1: Tim contour
Thuat toan contour: Contour 13 thuat toan dugc str dung trong xir Iy anh nham
tach, trich xuat cac d6i tugng, tao diéu kién dé cac xir Iy sau dugc chinh xac. Contour
tim duoc s& 12 phan khuyét tat trén bé mat trai xoai (Hinh 3.16).

Trong thu vién OpenCvSharp 3.0 st dung ham Cv2.FindContours();

Hinh 3.17. Gié61 han Contour

Bwéc 2: Gigi han mdi contour tim duge bang viéc vé& hinh chit nhat bao quanh
(Hinh 3.17). St dung ham Cv2.BoundingRect(); va Cv2.Rectangle();
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Bwéc 3: Tinh tong s6 Pixel mau tring (trong 1 contour) dugc bao boi hinh chi
nhat (nhitng Pixel mau trang 1a phan khuyét tat tim thay). Tir d6 tim duoc tong s6
phan khuyét tat c6 trong n contour.

S6 n contour dugc tim bang cau 1énh: n = contour.length;
3.3.3.6. Phan loai dwa trén dién tich khuyét tat

Tinh toan xap xi dién tich cia mot Pixel (3.4).

Vi khoang cach tir camera toi bang tai 1a khong doi, kich thudc thuyc chidu
dai, chiéu rong, chiéu cao cta trai xoai dugc do bﬁmg thudc kep. Sau do dém sb Pixel

tuong tmg v6i mdi kich thudc trén (Hinh 3.18).

L
-« >

Hinh 3.18. Kich thudc thuc ctia mot trai xoai mau
Két qua do kich thudc thuc ctia mot trai xodi miu va sb Pixel trong tng:
Chiéu dai (L): 13,69 cm — 426 pixels
Chiéu rang (R): 8,51 cm — 281 pixels
Chiéu cao (H): 7,28 cm — 258 pixels
Tu d6 tinh duoc xép xi dién tich cua mot pixel:
@ 851

X —— = 0,09732 mm? (3.4)
4260 ~ 2810

Phén loai: Tim phan dién tich khuyét tat I6n nhat néu 16n hon hodc s ving khuyét it
1én hon & viing ma mdi ving c6 dién tich 16n hon quy dinh thi trai xoai bi loai (Hinh 3.19).

Hinh 3.19. S6 ving khuyét tat tim thay
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3.4. Hé thong xir Iy anh tinh thé tich xoai
3.4.1. Camera Kinect

Chtrc nang chinh ctia camera 1a mot cong cu dé nguoi dung tuong tac véi hé
thong bang cir chi va 1énh thuc thi. Vi 1y do nay, cac b cam bién c6 kha ning thu
thap dir liéu & 46 phan giai 640x480 Pixel. Vi cac dir lidu chiéu su, c6 thé liy duoc
mot khung xuong ctia ngudi ding phia trude ciia cam bién. Va véi bd xwong do, cd
thé nhan biét dugc cir chi ctia ngudi sir dung.

Ung dung Camera Kinect vao qua trinh phén loai xoai theo thé tich, dya vao
bd cam bién chiéu sau cung v&i thuat toan dé phan tich thu thap so liéu tinh thé tich
clia xo0ai chinh x4c nht.

Hé thong cam bién chiéu sau: Bao gdm bd phat hong ngoai (Infrared light) va
camera hong ngoai (depth image CMOS). Kich c& anh 1a 640x480 pixel, toc dd chup
30 khung hinh mdi gidy.

Pé cam bién hoat dong tdt nhat thi nén sur dung khoang cach tir 1,2m dén3,5m.

Céch hoat dong: Céc tia h@)ng ngoai dugc chiéu qua b phat héng ngoai dén
doi tuong, sau d6 camera h@)ng ngoai s thu thap dir liéu bi phan chiéu.

3.4.2. Camera - RGB

Chtic nang chinh ctia camera nay 13 nhan biét 3 mau co ban 1 d6, xanh 14 cay
va xanh da troi (Red-Green-Blue). Qua trinh chyp bao gém viéc chup mét anh mau
(RGB) va thuc hién mét phép do d6 sau (D). Cam bién hinh anh két hop v6i cam bién
chiéu sau ndm & gan nhau, cho phép sap nhap ban dd, cho ra hinh anh 3D. Thong tin
anh RGB-D duoc luu tri.

Véi kich c& 1280x960 pixel, toc do 12 khung hinh/gidy. Véi kich c& 640x480
pixel, téc do chyup 30 khung hinh/gidy. Tir day cho thiy, khi thiét 1ap d6 phan giai
thap hon thi téc do chup va truyén hinh anh 1a cao hon.

Pong co: Nam ¢ dé clia cam bién Kinect va c6 kha nang lam cho cam bién
hudng dau 1én trén cao va ha xudng thip (-25° dén 25°). Véi kha ning nay sé gitp cho
cam bién c6 thé thu dugc hinh anh cao hon rat nhiéu so véi khi khong c6 bo dong co.

May do gia toc: Kinect sir dung dé xac dinh nguoi dtng trude, ding sau trong
khi do.
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3.4.3. Hé thong phan loai xoai sir dung Kinect

C6 nhiéu phuong phap dé tinh dugc thé tich cia mot vat thé, tuy nhién ¢ mdi
phuong phap déu c6 nhitng mat thuan loi va han ché. Vi Kinect 1a mot thiét bi co
san ctia Microsoft va dugc tich hop 2 camera hd tro tot viéc xtr 1y anh. Mot 1a cam
bién d6 sau, c6 thé xac dinh chiéu siu ciia & ting vi tri trong khung hinh. Hai 13
camera - RGB(D) c¢6 do phan giai 1én dén 1280x960 pixel. Vi nhiing tinh ning nay
nén quyét dinh dung Kinect dé tinh thé tich ctia xoai.

Trong mo hinh hé théng phan loai xoai, chi diing cam bién d6 sau cua Kinect
dé xé4c dinh thé tich xoai, con camera Kinect véi do phan giai cao nhung tdc do chup
thap nén khong dap ing dugc nhu cau nén khong sir dung, véi cam bién do sau Kinect
nén tinh thé tich xoai theo phuong phép timg 16p cat va phuwong phap théng ké (chiéu
dai, chiéu rong, chiéu cao).
3.4.3.1. Thuit toan xac dinh thé tich xoai theo Kinect

Pé xac dinh thé tich ctia mot vat thé, tly theo bién dang kich thudc hay dic trung
ctia ting vat thé ma ap dung cac phuong phap khac nhau. Véi Kinect ding 2 phuong
phap chi yéu dé xac dinh thé tich 1a: phuong phap 16p cat va phuong phap thong ké.

Microsoft Kinect SDK hd trg cic ham dé giao tiép vaoi Kinect. O trong dé tai
nay, chi sir dung Depth sensor cta Kinect dé 1ay gia tri do sau tinh toan thé tich xoai.
Theo d6 sé khai bao va khéi dong camera depth cta Kinect va sau do st dung gia tri
nay dé hién thi hay tinh toan theo yéu cau.

Anh thu vé tir camera do sau 1a anh gray (tring den) nén viéc str dung lay dir
liéu so sanh tinh toan rat dé thuc hién. Do phan giai ctia Depth camera khong duoc cao

nén anh thu vé c6 bién dang ngoai hinh ren cura dan dén két qua co6 sy sai s6 (Hinh 3.20).

Hinh 3.20. Anh chup xoai khi sir dung Depth camera cia Kinect
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Budc dau hoan thanh viéc giao tiép v6i Kinect V1.8. Tiép theo sé& di sau vao
timg phuong phap dé tinh thé tich xoai, lya chon phuong phép tét nhat cho thé tich
chinh xac nhat véi the tich thyc cia x0ai.
3.4.3.2. Phuong phap 1 - Tach 16p cit tinh thé tich xoai

Céc bude tién hanh tach 16p (Hinh 3.21).

Tinh dién tich pixel thuc

A 4

Khit nhiéu

Y

Tach ting 16p cit trén xoai

A 4

Tinh thé tich xoai

Hinh 3.21. Cac budc tién hanh tach 16p
Budc 1: Tinh di¢n tich pixel thuc
Vung quét cua Depth camera Kinect 1a: 58,24° theo chiéu ngang va 45,6° theo
chiéu doc (Hinh 3.22).

Hinh 3.22. Vung hoat dong ctia Depth camera Kinect

Vi vung hoat dong cua kinect nhu vay va ty 1€ khung hinh 1a 640x480 Pixel
nén cong thue tinh:

Chiéu dai pixel = (Zgepn*2*Math. Tan(29.12*Math.P1/180))/640

Chiéu rong pixel = (Zgepin*2*Math.Tan(22.8*Math.P1/180))/480

Trong d6: Zgepm 12 chiéu siu tir Kinect dén di tuong.
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Buéc 2: Khir nhidu

Maéi truong xung quanh Kinect ¢6 nhiéu yéu t6 bat lgi cho qua trinh thu thap
dir liéu tir Kinect, 1am hinh anh thu dugc c¢6 nhiéu diém sang nhiéu ngau nhién xuat
hién trong ving thu thap dit liéu, gy ra sai s6 cho tinh toan. Vi vay tién hanh khir
nhiéu. Kich thuéc ciia mét trai xoai téi da 1a 15 cm theo chiéu dai va 10 cm theo chiéu
rong, qua do s€ gidi han vung quét cua Kinect (Hinh 3.23).

Cho nhiing pixel ndm ngoai gidi han nay bang gia tri sao cho c6 thé tach 16p
cit dé dang dong thoi tranh viée cac tin hiéu nhiéu xuat hién.

Buére 3: Tach timg 16p cat trén xoai

Vi Depth camera, str dung chiéu sau dé tach timg 16p cit tng véi timg d6 sau

va tinh thé tich cua tig 16p cat do.

Hinh 3.23. Gi6i han vung quét pixel

Xéc dinh vi tri 16p cat trén xoai: khi trai xoai xoay theo bang tai con lan thi thé
tich trai xoai s& thay d6i phu thudc theo thé tich mit cat. Bang phuong phap ndi suy
dua ra thé tich trai xoai do.

Viéc tach tirng 16p cit clia xoai dugc thuc hién qua trinh nhu Hinh 3.24. Trude
tién giéi han d6 sau cua Kinect, tir khung hinh thu vé chuyén sb héa vé pixel. Véi nhiing
pixel nam trong khoang d¢ sau di dit, bat dau tinh s6 pixel va véi dién tich cia mdi pixel
d3 biét thi tinh dién tich cia mit 16p cat. Trong phuong phap nay, mdi lan d6 sau duoc
ha 1 khoang 12 a = 0.2 mm nén c6 dugc thé tich cua timg 16p cét (3.5).

V=0.2.ab (mm’) (3.5)

Vi mdi trai xoai déu dbi xtrg qua mit cat ngang nén chi tinh tig 16p cit nam

O phia trén mat cat ngang cua trai xoai. C6 thé tdng ha khoang cach do sau sau moi
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lan tach 16p cit nhung phai phit hop véi toe do chup ctia Depth camera, voi khodng

cach cang nhd thi sai s0 cang nho.

Hinh 3.24. Qua trinh tach 16p cit trén xoai

Buwéc 4: Tinh thé tich cta trai xoai
Véi thé tich timg 16p cat tinh duoc tir budc trén, voi khoang dich 13 0.2 mm.
Thé tich ctia mot trai xoai duoc tinh bang cach cong tat ca cac 16p cit cia mat
phia trén va sau d6 nhan cho 2 dé ra duoc thé tich toan phan cia trai xoai.
Két qua thé tich xoai thu dugc khi tinh bang Kinect so vi thé tich thuc (Hinh 3.25).
SO SANH PP1 VO THE TiCH
XOAI THUC
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Hinh 3.25. Biéu db so sanh thé tich tim duoc bang phwong phép 1 va thé tich thue
Két luan: Tir biéu d6 Hinh 3.25, su chénh 1éch giira thé tich thuc cta xoai va
thé tich tim duoc bang phuong phap tach 16p cat 1a kha 16n. Diéu nay din dén viéc

phan loai s€ khong chinh xac cao.
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3.4.3.3. Phuong phap 2 - Thong ké kich thuwéc (theo thé tich)

Céc buoc thuc hién (Hinh 3.26). O mbi loai trai cay déu co6 mét bién dang dac
trung riéng, va v6i timg loai thi chiing s& twong ing véi mot bién dang nhét dinh. Xoai
mdi loai thi déu c6 chung mot bién dang chung. V&i phuong phap nay sir dung chiéu dai,

chiéu rang va chi€u cao cua mai trai xoai dé tinh thé tich twong ung.

Théng ké kich thuéc

Tim phuong trinh phu thudc

y

Tim kich thudc qua Kinect

Tinh thé tich xoai

Hinh 3.26. Cic budc sir dung phuong phap thong ké
Bwéc 1: Thong ké kich thude (theo thé tich)
O budc nay do kich thude chidu dai chiéu rong chiéu cao thuc té cta xoai cat
Chu va xo0di cat Hoa Loc. O day sir dung thudc kep 20cm dé do kich thudc xoai véi
sai sO cta thude 14 0.01mm.
Tiép theo dé do thé tich thyc ciia x0di, str dung nguyén 1y binh tran dé do thé

tich cua xoai (Hinh 3.27).

Pura xoai

vao binh ]ihu dgqc

chira chat phan thé tich
long V) chit long

3
<

Xoai nguyén liéu

Thé tich 5| ~Két qua

thu duge - (V) thu R6t (V) vao

= thé tich = duoc dung cu do
xoai = thé tich

Hinh 3.27. So d6 do thé tich tréi xoi bang phuong phap binh trin
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Phuong phap xac dinh thé tich trai xoai theo nguyén 1y binh tran: cho trai xoai
(nguyén liéu) vao binh chta chat 1ong (dung dich 1a nudc, khéng anh huong dén chat
luong trai qua thyc nghiém tir chuyén gia va cong ty xuat khau xoai) ¢6 thé tich xac dinh,
khi d6 phan nudc (thé tich) tran ra khoi binh chtra vao vat chtra va dugc rét vao dung cu
do thé tich (1000 ml), thu duoc két qua mot thé tich xac dinh d6 1 thé tich cua trai xoai
(Hinh 3.27).

Khi xé4c dinh duge chiéu dai, chiéu rong, chiéu cao va thé tich thyc ctia xoai, bt
dau tim mbi lién hé giita chung. Phuong phéap nay duogc st dung dé tao bd mau cho dir
liéu ban dau cho ung dung xir Iy anh va AL Khi ing dung Al s& nhing b mau nay dé
truy xuét gia tri thé tich xoai sau khi xir Iy so vé6i thé tich thuc cia né.

Buwdée 2: Tim phuong trinh phu thudc

Vi 3 bién dau vao (chiéu dai, chiéu rong, chiéu cao) va mot bién dau ra (thé
tich), sir dung hodi quy da bién dé tim mdi quan hé giira chung. Ct hiéu rang, khi st
dung kich thudc thé tich thyc ctia x0ai dé tim phuong trinh phu thudc, sau d6 sir dung
Kinect dé tinh chiéu dai, chiéu rong, chiéu cao va véi phuong trinh phu thudc sé tim
dugc thé tich twong mg.

Phan mém SPSS hd tro vé hdi quy da bién dé tim phuong trinh phu thudc. Cho
bién dau vao va bién du ra, SPSS sé& cho chinh xac nhat phuong trinh phu thudc va
cac biéu d6 lién quan. O day bién dau vao 1a kich thudc cia xoai va bién dau ra s& 13
thé tich xoai twong ung, két qua trong (Bdng 3.1).

Bang 3.1. Bang thong s6 phuong trinh phy thudc thé tich xoai

Hé s6 chwa chuin HE 50
Bién K A héa Chl}an
phu Bién khoPg phu ] hoa ¢ Sig.
thubde thugc Sai so
: B 1éch Beta
chuén
(constant) -1000.959 | 62.866 -15.922 | .000
Thé Chiéu dai (mm) 3.249 0.352 0.452 9.237 | .000
tich " Chidu rong (mm) 2.956 1.399 0.170 | 2.113 | .041
Chiéu cao (mm) 10.155 1.491 0.561 6.812 | .000
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Phuong trinh phu thudc gitra kich thudc va thé tich (3.6).
The_tich = 3.249 * chieu_dai + 2.956 * chieu_rong
+10.155 * chieu_cao — 1000.959 (3.6)
Tu biéu do Hinh 3.28 thi gia tri trung binh Mean gan bang 0, d6 léch chuan 1a
0.963 gan bang 1, nhu vay c6 thé néi, phan phdi phan du x4p xi chuan. Do do, c6 thé
két luan rang: Gia thiét phan phdi chuan ciia phan du khong bi vi pham.
Histogram

Dependent Variable: Volume (ml)

Mean =-2 88E-15
12= Std. Dev. =0.963

N =42

10

N
/

Frequency
1

I
-3 -2 -1 0 1 2

Regression Standardized Residual
Hinh 3.28. Biéu d6 tan s6 phan du chuin hoa

Khi d6 truy suat biéu do phan du chuan hoa Normal P-P (Hink 3.29) va biéu
d6 phan tan bién doc 1ap thé tich (Hinh 3.30) dé xac dinh phan phdi chuan va quan
hé tuyén tinh. Tir biéu d0 Hinh 3.29 thay rang cac diém phan vi trong phan phdi cia
phan du tap trung thanh 1 duong chéo, nhu vay, gia dinh phan phdi chuin cta phan
du khong bi vi pham.

Vi biéu dd Hinh 3.30 thay rang phan du chuan hoéa phan b tap trung xung

quanh dudng hoanh d6 0, do vay gia dinh quan hé tuyén tinh khong bi vi pham.
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Regression Standardized Predicted Value

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Volume (ml)
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Hinh 3.30. Biéu d0 phan tan bién doc 1ap thé tich
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Bude 3: Tim kich thude qua Kinect

Tién hanh xay dung thudt toan dé léy chiéu dai, chiéu rong, chiéu cao theo
nguyén tic tinh khoang cach giita cac pixel theo chiéu ngang va doc sau d6 tim
khoang 16n nhét theo ting chiéu dé l1ay chiéu dai, chiéu rong chiéu cao theo pixel.

Xéc dinh chiéu dai va chiéu rong: ¢6 khung hinh tra vé cta Kinect 12 640x480
Pixel, dung I¢nh chay trén mang Pixel cua khung hinh, so sanh gid tri Pixel va tim
cac diém bén trai du tién, phai cudi cung, trén cung va dudi cing. Qua d6 dung phép
hiéu dé lay khoang cach Pixel, d6 ciing chinh 1a chiéu dai va chiéu rong tinh theo

Pixel cua xoai (Hinh 3.31 a).

ojoJo]o ojoJo]o]o
0lo|o]|1 1/ofofo]o
olofa|a|af[2]1]1]0o]0
olola|alaf[a]1]2]o]0
ojlo|lo|1|11]1]0o]0]o0
0(0|]O0]|1|fOf(O0O]j]O|O]|O
0[f0]jJ0] O 0ojfo0ojO0jo0O]|O
a) b)

Hinh 3.31. a) Cach chay pixel xac dinh cac diém
va b) Giao dién xac dinh kich thudc ctua xoai

Pé xac dinh léy ding chiéu dai va rong, dya vao nhirng diém tim duoc dé vé
ra hinh chir nhat tuong ung (Hinh 3.31 b).

Xac dinh chiéu cao: Véi gia tri d6 sau tra vé tir Kinect, tim do sau 16n nhét va
d6 sau nho nhét. Sau d6 hiéu d6 sau 16n nhat va do sdu nho nhat s& c6 duoc chiéu cao
clia nira trai xoai. Pdi vai chiéu dai va chiéu rong tinh dugc theo Pixel, dé léy duoc
kich thudc theo chuan thi nhan thém kich thudc thuc ciia Pixel vao (da tinh phuong
phap 1).

Buwéc 4: Tinh thé tich xoai

Dua vao phuong trinh phu thudc da tim ra tr mdt loai xoai cat Chu hoac cat
Hoai Ldc, g véi ting loai xoai can xac dinh chiéu dai, chiéu rong va chiéu cao thi
suy ra dugc thé tich twong tng.

Két qua thé tich xoai thu dugc khi tinh bang phuong phép thong ké Kinect véi
thé tich thuc té (Hinh 3.32).
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Nhén xét: Tir biéu d6 Hinh 3.32 thiy su chénh 1éch giita thé tich thuc va thé
tich tinh toan ciing con kha 16n. Chu yéu do anh thu vé tir Depth sensor ¢6 do phan

giai con thap, dé bi nhidu béi méi truong.
SO SANH PP2 VOl THE TicH
XOAI THUC
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Hinh 3.32. Biéu dd so sanh thé tich tim duoc bang phuong phép 2 va thé tich thue

3.4.4. H¢ thong phan loai xoai sir dung Camera — RGB

Vi d6 phan giai ciia Kinect thap nén dé tai bd sung thém phuong phap tinh thé
tich st dung camera mau, camera dugc st dung la Camera Logitech C270. Véi
camera dé tai st dung 2 phuong phap thong ké, phuong phéap 1 st dung kich thudc
xo0ai, phuong phéap 2 sir dung toa d6 diém bién trén xoai. Camera Logitech C270 c6
d6 phan giai 1280x720 Pixel, sir dung két néi USB 2.0 v6i may tinh. Dé c6 thé sir
dung 1ap trinh va xir Iy dir liéu cho camera sir dung cac thu vién hd trg gom:
OpenCVSharp3.0 va Aforge.Net. Trong phan xir Iy phan loai mau d noi rd vé 2 thu
vién ciing nhu cac phuong phap xir 1y anh. Nén & phan nay chi dé cap vé cach lay thé
tich xo0ai tir camera mau. Sau ddy sé& di r& hon vé phuong phép.

Phuwong phap thong ké tinh thé tich theo kich thuéc:

Céc budc thyc hién (Hinh 3.33). O hai budc dau: Thong ké kich thudc (theo thé

tich) va tim phwong trinh phuy thudc, da thyc hién & phuong phép thdng ké theo Kinect.

Nén & phan nay khong nghién ctru 2 budc ndy ma chuyén dén 2 budc tiép theo.
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Thong ké kich thuéc

!

Tim phuong trinh phu thudc

!

Tim kich thuéc qua camera

!

Tinh thé tich xoai

Hinh 3.33. Cic budc sir dung phuong phéap théng ké kich thudc
Budc 3: Tim kich thudc qua Camera
Anh thu dugc tir camera 14 anh mau RGB can chuyén d6i vé anh xam dé thao
tac dé dang hon. Trong md hinh hé théng c6 sir dung thém budng chup giup tang kha
ning thu nhan anh va tach duoc phong dé dang hon (Hinh 3.34).

Hinh 3.34. Két qua sau khi chinh ngudng va chuyén sang anh xam

Pau tién, & hau hét loai xoai thi s& c6 mot ngudng mau nhét dinh. Nén s& chinh
ngudng va bit dau chuyén sang anh xam sao cho anh thu duoc c6 phong nén va xoai
1a 2 gia tri mau tach biét. O day ngudng dé tai dat 1a 135 (mau xoai do chuyén gia
cung cip), ngudng cua xoai dao dong trong khoang 140-255 (voi 5000 trai xoai Cat
Hoa Loc 6 Pong Thap).

Sau khi d4 chuyén sang anh xam va tach riéng biét 2 gia tri mau ctia xoai va
phong thi bai toan lai chuyén sang nhu khi sir dung Kinect. Dé lay duoc kich thudc
chiéu dai, chiéu rong va chiéu cao nén truy cip vao ting gia tri pixel va tinh khoang
cach theo chiéu ngang va doc 2 pixel & xa nhat. Va ciing dung cach tinh nhu ¢ Kinect
dé tinh duoc kich thudc ciia mot pixel.

V& hinh chit nhat dé kiém dinh viéc xéc dinh kich thudc pixel dung hay sai (Hinh 3.35).
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Khi da co6 kich thudc theo pixel va ciling c6 dugc kich thude cua pixel nén chi

can nhan chung vao thi c6 dugc kich thudc that cta xoai.

Camera 1

Logitech HD Webcam €270 v

Camera 2

Logitech HD Webcam €270 v

VOLUME

Hinh 3.35. Két qua thu dugc sau khi xac dinh kich thude xoai

Bwéc 4: Tinh thé tich xoai

Dua vao phuong trinh phu thudc da tim dugc ¢ phuong phép trude va véi kich
thude that tim duoc & bude 3 nén thay vao phuong trinh dé tinh dugc thé tich twong Gng.

Két qua thé tich xoai thu dugc khi tinh bang phwong phap thdng ké theo kich
thudc st dung Camera RGB.

3.4.5. Két qua phwong phap tinh thé tich xoai sir dung xir 1y dnh

Pé tai da thyc nghiém dé lya chon ra phuong phap tinh gan chinh xac nhat thé
tich cua xoai.

Qua sd liéu thyc nghiém, nhan thiy rang v6i phuong phap 2 (thdng ké) thi thé
tich x0ai ¢ gid tri xap xi gan thé tich xoai thuc voi sai s6 thap nhit. Vi vay phuong
phap 2 s& dugc ap dung trén mo hinh hé thong phan loai xoai cta dé tai.

3.4.6. Co cdu gat loai b6 trai hong (khuyét tit)

O co cu nay, xoai khong dat du tiéu chuan vé mau sic, hinh anh (vét ddm den, hu

hong bé mat, cac hu hong bén ngoai khac) sé bi loai bo ra ngoai.

Céc budc thyc hién: Nhan tin hiéu va xylanh gat bo.

86



Bwéc 1 - Nhan tin hiéu: Camera trong budng chup & co cdu xu 1y hinh anh va
thé tich trudc d6 s& 1am nhiém vu quét tim ra trai c6 dién tich bé mat hong khong dat
yéu cau (> 2 cm?) theo tiéu chudn ctia xo0ai. Sau d6 tin hiéu dugc giri vé PLC dé thuc
hién 1énh tiép theo.

Buérc 2 - Xylanh gat bo: Sau khi PLC nhén tin hiéu tir camera tra vé thong qua
C# sé& xu 1y tin hiéu diéu khién & Output Q 0.5 (cong dicu khién xy lanh gat bo) dong
thoi két hop tin hiéu ciia cam bién hong ngoai NPN. Khi cam bién phat hién c6 xoai
thi ngay l1ap tic Q 0.5 s& dugc kich, xy lanh di ra day xoai ra khoi bang tai di chuyén.
3.5. Hé thong tinh khoi hrong xoai dé phan loai
3.5.1. Co ciu diéu khién tinh khéi lrong xoai

Trén hé thong phan loai st dung cac co ciu diéu khién:

Ciam bién vit can hong ngoai NPN: Cam bién vat can hong ngoai E3F-
DS30C4 dung anh sang hong ngoai dé xac dinh khoang cach téi vat can cho do phan hoi
nhanh va rat it nhidu do st dung mat nhan va phat tia hong ngoai theo tan s riéng biét.
Cam bién c6 thé chinh khoang cach bao mong muén thong qua bién tro, ngd ra cam bién
& dang cyc thu ho nén can thém 1 trd treo 1én ngudn & chan output khi sir dung.

PLC S7 — 1200 CPU: Bj diéu khién dugc cung cap tin hiéu béi cac tin hiéu
tir cac cam bién & ngd vao. Tin hiéu nay duogc xir 1y tiép tuc thong qua chuong trinh
diéu khién dit trong bo nhd chuong trinh. Két qua xtr 1y duwoc dua ra ngd ra dé dén
d6i twong diéu khién hay khau diéu khién & dang tin hiéu.

Load-cell (Cam bién lwc): 13 cam bién dung dé do luc (khdi lwong, mé-men
xoén...). Khi lyc dugce tac dung 1én mdt Loadcell, Loadcell s€ chuyén ddi luc tac dung
thanh tin hiéu dién. Cac Loadcell ciing dugc biét dén nhu 1a "dau do tai" (load
transducer) boi vi Loadcell ciing c6 thé chuyén d6i mét tai trong (luc tac dung) thanh

tin hi¢u dién.

=
=20
_

Hinh 3.36. Mot loai Strain gauge ding dé diéu khién co ciu
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Loadcell duoc cau tao boi hai thanh phan, thanh phan tht nhat 13 “Strain gage”
trong (3.7) va thanh phan con lai 14 “Load” (Hinh 3.36).

Nén:

R = p?'l (3.7)

Trong do6:

R: Dién tr¢ strain gauge (Ohm)

L: Chiéu dai cua s¢i kim loai strain gauge (m)

S: Tiét dién cua soi kim loai strain gauge (m?)

p: Dién tro suat vat liéu cta soi kim loai strain gauge

Strain gage 1a mot dién tré dac biét chi nho béng mong tay, cé di¢n tr¢ thay ddi khi
bi nén hay kéo dan va dugc nudi béng mot nguén dién 6n dinh, duoc dan chét 1én “Load”.

Load 1a mot thanh kim loai chiu tai c6 tinh dan hoi (Hinh 3.37).

Khi c6 tai trong hoac luc tac dong 1én than Loadcell 1am cho than Loadcell bi
bién dang (gian hoac nén), diéu d6 dan t6i su thay ddi chiéu dai va tiét dién cta cac soi
kim loai ctia dién trd strain gauges dan trén than Loadcell dan dén mot su thay doi gia tri
clia cac dién tro strain gauges. Sy thay doi ndy dan ti su thay doi trong dién ap dau ra.

Do trai xoai c6 khéi luong nhé (dao dong tir 400g — 800g) nén sir dung Loadcell
c6 gii han do nho (¢ day 1 Loadcell 2 kg) dé ting do chinh x4c trong qua trinh do.

¥ b
] o _l - pEETY
=
= | o __|
[ ——————— | 30 1

Hinh 3.37. Co cdu Load trong bo diéu khién can khéi lugng xoai
3.5.2. Thuit toan va phwong phap diéu khién
Theo thong s6 cua Loadcell, tin hiéu tra vé c6 gia tri rAt nho 1.0 + 0.15
(mV/V) nhung céng tin hi¢éu Analog ctia PLC lai nhan gia tri 0 - 10V DC, néu két nbi
truc tiép thi PLC khong thé nao doc duge tin hiéu cua Loadcell nén can c6 1 bd

khuéch dai tin hiéu dién ap két ndi vdi Loadcell dé khuéch dai tin hiéu ra ctiia Loadcell
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tir 1.0 + 0.15 (mV/V) 1én 0 - 10V DC. Bé doc duoc gia tri chinh xac cta khéi luong
trai xoai, tién hanh 1y tin hiéu tra vé tir Loadcell két hop giita chwong trinh diéu
khién PLC trén phian mém Tia portal v13 SP1 va Visual Studio 2017.

Buwéc 1: Két ndi PLC S7-1200 voi Tia Portal V13 SP1 qua cong Profinet dung
chuan truyén TCP/IP dé két ndi phan cimg va ndp code.

Buwéc 2: St dung thu vién S7.net thiét ké giao dién trén WPF dé truy xuat truc
tiép vao ving nhé PLC thong qua cong mang Profinet dung chuan truyén TCP/IP.

Trong khi két ndi luu y Click vao 2 myc Full access va Permit access dé PLC
mai ¢ thé truy xuat vao ving nhé ciia C# lay dir liéu luu trir. Phan két nbi giao tiép

v6i may tinh xir 1y tin hi¢u dugc thuc hi¢n trong (Hinh 3.38).

My tinh yéu ciu théng tin
Dinh thdi vi |« -
didu khién Théng tin sin sang
Chuyén >
A
Adm, Chuyén
yéu ciu abi

Tin hi¢u ra cho phép
twrgng
Chot

Chuyén thanh »| Thanhghi [ Puimg truyén
tin higu s6 gm [

s . £
Tin hi¢u so

DPing

Hinh 3.38. So dd h¢ thong giao tiép véi may tinh

Céc bude tién hanh xac dinh khdi luong trai xoai (Hinh 3.39).

Két hop cam bién véi loadcell
v

Tao mang gia tri trén Visual C
L

Khéi lugng trai xoai

Hinh 3.39. Céc budc tién hanh xéc dinh khi luong tréi xoai
Buwéc 1: Két hop giita cam bién va Loadcell
Phia trén Loadcell duoc bd tri 1 cam bién hong ngoai dé phat hién vat. Khi trai
xo0di di dén cam bién phat hién tra tin hiéu vé Visual, dong thoi lic nay Loadcell phia
dudi ciing tién hanh can cac gia tri cla trai xoai voi tbe d6 10ms. Pé co duoc khdi

luong trai xoai, tién hanh xy dung phuong trinh tinh toan khéi lwong xoai dua vao cac
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két qua thuc té thu dugc tir thie nghiém. Sau khi nhan tin hiéu Analog tra vé tir Loadcell,
PLC thuc hién tinh toan theo phuong trinh dugc xac dinh.

Thuc nghiém trén 100 trai xoai (dwoc danh ddu mi trai va cho chay 10 1an (vong) dé
kiém tra sy 6n dinh hé thong, 1y gié tri trung binh mdi tr4i), dit liéu thir nghiém dua vao gia
tri xr Iy’ 86 liéu thuc nghiém thi duoc coi 1a dat [9], véi két qua thu duoc thuc té (Bang 3.2).

Bang 3.2. Két qué so sanh gitra can khdi luong xoai thyc té véi bang tai

STT | Khdi lwong thue té | Khoi lwong khi cin véi bing tai
can duogc (y) v=4,21 (v/p) (x)
1 410.4543 329.5663
2 469.9725 382.7528
3 323.1496 243.6132
4 551.0186 459.2086
5 442.9044 356.4762
6 432.1404 348.2459
7 451.4862 367.7153
98 399.6903 316.5863
99 393.7589 313.2621
100 469.9725 383.5443

Tur két qué trén bang, dé dang nhan thay rang khéi lugng khi can trén bang tai
dong s& ludn nho hon khéi luong gbe mot gia tri nao d6. Vi két qua co sy sai s6 chénh
léch kha cao, tién hanh diéu chinh cac bd phan nhu bang tai, cam bién hay Loadcell
va diéu chinh co cdu diéu khién trén hé thong sao cho sai s6 giam xudng mirc cho
phép.

Két qua duoc dua vao Excel dé tinh, mbi quan hé giira 2 dai luong nay (khdi
luong gbc va khdi luong can trén bing tai) c6 quan hé tuyén tinh v6i nhau theo
phuong trinh bac nhat (3.8).

y=ax+b (3.8)

Trong do6:

y 1 khéi lugng trai xoai can tinh

x 12 khéi lugng trai oai khi can bang tai

a, b 1a hé s

Hé sb a, b dugc xac dinh bang cdc ham SLOPE (tim hé s6 a), INTERCEPT
(tim hé s b). Lénh xé4c dinh:
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a = SLOPE (cac gia tri y, cac gia tri x) = 1.060952497
b =INTERCEPT (cac gia tri y, cac gia tri x) = 63.01837755

Phuong trinh can tim: v =1,060952497. x + 63,01837755 (3.9
o .
y=1061x+63.018 4
R*=089%4 ..
2
P
400 Y ad
v
E 500 v
%
200
100
0 _
0 100 200

Axis Title 300 - 400 200

Hinh 3.40. Biéu db lién hé gitta khdi luong thuc t& va khdi luong can bang tai
T Hinh 3.40, tim dugc phuong trinh (3.9) va xay dung theo khéi trong PLC
dé tién hanh tinh toan ra khéi luong chinh xac. Két qua sai s6 (Bdng 3.3).
Biéing 3.3. Sai s6 tinh khdi Iwong xoai thyc té va tinh bang phuong trinh

Khoi lwon Khoi lwong tinh . X
STT thuwe t.é' i bing phu})'ngg trinh Sai s0
1 410.4543 412.6726 -2.21827
2 469.9725 469.1009 0.8716
3 323.1496 321.4804 1.6692
4 551.0186 550.2169 0.8017
5 442.9044 441.2227 1.6817
6 432.1404 432.4907 -0.3507
7 451.4862 453.1468 -1.6604
98 399.6903 398.9014 0.7889
929 393.7589 395.3746 -1.6153
100 469.9725 469.9407 0.0318

Sai s6 trung binh A§ = + 2 gam — sai s6 chap nhan duoc.

Suy ra: Phuong trinh hop ly.
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Buéc 2: Tao méang gia tri trén Visual Studio. Cac gia tri khdi lugng tinh toan
dugce tir tin hidu Loadcell tra vé dugc tip hop tao thanh mot mang cac gia tri khoi
luong khac nhau bat dau khi cam bién phat hién xoai, khi tréi xoai qua hét khoi ving
quét ctia cam bién thi luc ndy mang ngimg nhén gia tri tir Loadcell.

Budére 3: Tinh ra dugc khdi lugng trai xoai

T mang vira dugc tao phia trén, dung ham chon ra gia tri 16n nhat, lac nay
gia tri 6 chinh 1a khdi lugng can tim cua trai xoai.

3.6. Co cau phan loai xoai ra tirng loai

Hé théng xu Iy anh ¢6 nhiém vy tiép nhan xoai tir by phan cép xoai, di chuyén va chup hinh
toan bo bé mat cua trai xoai, sau d6 tién hanh xur 1y tinh khéi lugng, tinh ty trong (theo thé
tich va khéi lugng) va phan loai ra tirg loai 1, 2 va 3 (Hinh 3.41).

. |
Sai
= 1 CB phat Dang I_.oa:l_ccll can
Xoai . hién xoai = khoi lugng
Tl trong Tinh todn khéi Boc tin hidu
(Kéthegp VvaM) 77— lugng M = Analog
Sai i
Ti trong 300 <TT Sai
< 300 < 600
1 Ding l Puang
Timer 3s Timer 7s Timer 11s
Xy lanh phin Xy lanh phdn Xy lanh phin
loai | loai 2 loai 3
Két thac

Hinh 3.41. Luu do giai thudt co ciu phan loai xo4i ra timg loai

Ty trong trai xoai: chinh 14 mat do khdi luong trén mot don vi thé tich cua trai xoai,

duoc xac dinh bang thuong sb gitra khdi luong trai va thé tich trai, duoc tinh trong (3.8).
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Cic bude tién hanh phan loai xoai: Tinh gié tri ty trong va phan loai san pham.

Budc 1: Tinh gia tri ty trong. Sau khi hoan tat viéc nhan gia tri khdi luong tu
Loadcell tra vé tinh toan cho ra két qua khéi lwong thuc té, ic nay PLC sé lién két véi
C# truy xuat vao ving nhé chira gia tri thé tich da dugc luu trong mang & phan bang tai
tinh toan xir 1y anh va tinh thé tich, két hop véi gia tri khdi luong xac dinh ra gi tri ty
trong theo cong thuc (3.10).

D= % (gam/ml) (3.10)

Trong do6:

D la ty trong cua trai xoai (gam/ml)

M 1a khéi lwong cua trai xoai (gram)

V thé tich cia trai xoai (mililit)

Tur két qua ty trong vira méi tinh toan duoc, cin cir theo tiéu chuan xoai dé
dua sang co cdu phan loai.

Budéc 2: Phan loai san pham. Xoai s& dugc chia ra lam 3 loai twong tng véi
cac tiéu chuan khac nhau (khdi lugng, thé tich). Pugc phan ra bang cac xy lanh day
x0ai vao cac thung chta twong Gng dit trudce xy lanh day. PLC sau khi nhan dugc tin
hiéu xir 1y dwa vé s& kich hoat Timer dém thoi gian cho xy lanh dy phan loai. Timer
s€ c6 cac gia tri la 3s, 7s, 11s twong tng vdi cac xy lanh phan loai loai 1, 2 va 3. Céc
gia tri thoi gian nay duoc xac dinh dya vao viéc tim khodng céach cua vi tri trai xoai
sau khi can dén vi tri cac xy lanh, uéc lugng ra thoi gian tuong ung.

Két qua ctia co cdu can khdi lugng va phéan loai xoai: xoai s& dugc phén loai theo
khéi luong ra timg loai vao cac khay dung (hodc thing chira) theo nhu mong muén.
3.7. Két qua phan loai xoai theo khdi lwgng, thé tich va khuyét tat sir dung xir Iy anh

Trong chuong II, khi hoan thanh hé thong phén loai xoai theo khéi lwong thi dén
chuong I niy da thyc hién tmg dung cong nghé xir Iy anh thanh céng 1én hé thong phan
loai x0ai. Ung dung cong nghé xt 1y anh 1én hé thdng phan loai dé tim ra phuong phap
phan loai xoai theo khuyét tat va thé tich. Thiét lap phuong trinh phu thudc (3.5) va
tim ra phuong phap thong ké (theo thé tich) cho két qua sai s6 xoai 1 thip nhat nén
str dung phuong phap nay cho hé thong.

Xay dung thuat toan diéu khién va bang phuong phap noi suy dé tim ra phuong

trinh tuyén tinh bac 1 (3.8). Tir phuong trinh vira im dugc, xay dung theo khdi trong PLC
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dé tién hanh tinh toan ra khoi lwong chinh xéc, két qua tim ra sai s6 khdi lugng nhé nhat
(< 2 gram) nén phuong phép nay duoc ap dung 1én hé thong phan loai.

Khi tinh dugc thé tich va khdi lugng, dua vao cong thire tinh ty trong (3.10),
tim ra dugc ty trong cta trai xoai (ty trong trai xoai cho phép tir 1.0 -1.1) va st dung
co ciu dé phan loai xoai ra loai 1, 2 va 3.

3.8. Két luan

Hé théng phén loai sir dung cong nghé xtr Iy anh cho két qua phén loai dat két
qua theo yéu cau. Tuy nhién, phan xir Iy anh van cho két qua sai s6 nho, théng qua
viéc trich xuat hinh anh nhiing qua xoai c¢6 khuyét tat mo, hodc cac ving khuyét tat
chua x4c dinh. Pé khic phuc hién tugng ndy, nghién ctru sé sir dung phuong phap
mo hinh dy doan d6 chinh xac xoai theo mau sac khuyét tat mot cach triét dé 1én hé
thng phan loai, duoc dé xuat trong phan tiép theo chuwong IV.

Vi vay, & chuong III nay s& tim ra phuong phép xac dinh khéi lugng, thé tich
va khuyét tat trai st dung cong nghé xu 1y anh. Tir d6 xac dinh duoc khéi luong, thé
tich va khuyét tat trai theo tiéu chuan xoai dit ra trén hé thong phan loai. Tuy nhién
hé thong phan loai ndy chi ddnh gid dugc chat lugng bén ngoai trai xoai, chua xéac
dinh dugc chit lugng bén trong trai va xuat hién sai s trong phan loai. Pé danh gia
duogc chat lugng bén trong trai xoai phai ding mét phuwong phéap khac ngoai xtr 1y anh,

doé 1a str dung Al 1én h¢ théng phan loai trén, s€¢ dugc dé cap trong chuong IV.

< Két qua phdn loai xodi theo khoi leong, thé tich va khuyét tit vmg dung xir Iy
danh da dwoc dang 2 bai bdo quoc té c¢é chi sé, trong dé ¢é 1 bai Scopus (Phu luc 2,3).
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CHUONG IV: HE THONG PHAN LOAI XOAI SU DUNG
CONG NGHE XU LY ANH KET HQP TRi TUE NHAN TAO

Trong chuong III khi hoan thanh hé théng phén loai xoai theo khdi lwong, thé
tich va khuyét tat trai sir dung cong nghé xtr Iy anh. Hé thng phén loai nay chi danh
gia dugc chat lugng bén ngoai trai xoai va hé thong xt Iy anh ciing xay ra sai s6 do
cac vét khuyét tit mo hodc chua xac dinh duge. Giai phap 1 két hop danh gia duoc
chat lugng bén trong trai thi cin phai ing dung Al vao giai thuat ciing nhu bai toan
xéac dinh dén chat lugng cua trai xoai. Pén chuong IV niy tiép tuc nghién ctru hé
thong phan loai xoai sir dung cong nghé xir Iy anh két hgp Al dé phat trién hé thong
phan loai xoai & chwong III (Hinh 1.32). Vi hé thong phan loai ndy, ngoai hé thong
xtr 1y anh, s& duoc két hop vai thi giac may tinh va mang than kinh nhén tao dé phan
loai chinh xac cac khuyét tat va du doan do Brix xoai. Str dung 4 phuong phap mo
hinh LDA, SVM, KNN va RF dé phan loai x0ai chinh xac. Ngoai ra mg dung mang
than kinh FFNN dy doan chinh x4c dau ra d6 Brix xoai.

4.1. Khii quat hé thong phan loai xoai sir dung cong nghé xir Iy anh két hop Al

Nghién ciru dé xuat mot hé thong phan loai xoai dya trén cong nghé xir Iy anh
két hop Al Trong cac thi nghi€ém, mot camera dugc su dung dé ghi lai cac tinh nang
bén ngoai cua xoai. Bén canh d6, mot thuat toan s€ duoc trién khai cho céc loai trai
cdy khac nhau. May anh khong chi chup kich thudc, mau sic, hinh dang ma con két
hop trong luong dé phan loai chat lugng bén trong. Hé thong phéan loai ¢6 d6 chinh
xéac tot béng may hoc va la mot cong cu manh mé dé nhan biét va phan loai cac loai
trai cay dya trén cac mau duogc thu thap tir may anh va tai trong. Bén canh do, muc
dich cuia nghién ctru nay ciing 1a sir dung mot bo dit liéu nho va kiém tra cach may
hoc hi¢u qua co thé duogc ap dung dé c6 duoc két qua c6 y nghia. Hon ntta, mgt bo
d@ 1iéu nhé hon budc phai thtr nghiém cac ky thuat tang cuong khéc nhau. May hoc
duoc giam sat 1a qua trinh hoc tap tu rat nhiéu dit liéu duoc dan nhin trude do, sau
d6 dua ra du doan vé cac trudng hop trong twong lai. Hodc ciing duoc hiéu 1a cac tinh

nang dy doan va nhin twong tmg duogc str dung dé xay dung mo hinh c6 thé du doan
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nhan 16p tu dong. Loai xoai dugc xac dinh bdi mot s6 tinh nang dya trén mot tiéu chuin
duoc chép nhén va thuong dugc st dung. Sur dung nhiéu tinh nang cua xoai dé phan
loai xoai dugc goi 1a Multiclass Classification (MC), day 1a mdt nhiém vu phan loai st
dung nhiéu hon hai 16p. Trong truong hop ndy, mdi 16p 1a mot loai xoai. Do do, ap
dung thuat toan MC cua may hoc c¢6 giam sat 14 rat pht hop. Co6 nhiéu thuat toan hoc
tap cho cac van dé phan loai da 16p. Nhung mdi cai déu ¢ wu diém va nhugc diém.
Lua chon cac md hinh va nén tang chiém dung & mot budc quan trong.

Ngoai cac nghién ctru & phan tong quan thi c6 nhiéu nghién ctru khac c6 hiéu
qua trong phan loai trdi cay trudc ddy nhu Support Vector Machine (SVM)
[90,91,95], Discriminant Analysis (DA) [92,93,96], Random Forest (RF) [98],
K Nearest Neighbors (KNN) [99]. Trong nghién ciru ndy, cac thi nghiém dugc dé
xudt v6i bon phuong phap may hoc nhu SVM, DA, KNN va RF. Két qua cua cac thi
nghiém duoc chi ra rang chiing cho d6 chinh xac cao hon sau khi phan tich so véi cac
phuong phap duoc sir dung trudc do.

H¢ thong phan loai xoai bao gém hai phan chinh 1a phan xir Iy hinh dnh két
hop AI va hé thong diéu khién phan loai. Hé thong xir 1y hinh anh s& chiu trach nhiém
xtr 1y hinh anh, trich xuat ba tinh ning ciia xo0ai bao gém chiéu cao, chiéu rong va
khuyét tat. Trong phan nay, xoai dugc chuyén vao budng xir Iy anh bang hé théng
bang tai con lan. Trong qua trinh chuyén dong, nhitng trai xoai dugc xoay quanh truc
ctia chung va chup anh ¢ moi goc d6. Cac hinh anh chup duoc chuyén dén bo xur 1y
trung tAm dé phan tich va luu trir dit liéu. Ngoai cac tinh ning cia xoai c6 ngudn gdc
ttr hinh anh caa hé théng, bd dir liu cling két hop trong luong cua xoai dugc do thong
qua bang tai nam trong hé thong phan loai. Hé thong phén loai, sau khi nhan duoc dir
liéu d4u vao, s& phan tich chuyén d6i dit liéu phi cau trac thanh dit liéu co cu trac va
luu trong mat tap dir liéu mdi bao gém chiéu cao, chiéu rong, khuyét tat va trong
luong tuong mg 1a cac tinh ning cua xoai. Dit liéu trich xuat s& duoc stir dung dé
huan luyén cic md hinh may hoc da dugc dé cap trong phan gidi thiéu cia nghién
ctru. Sau khi c6 duoc cac mo hinh may hoc da duoc huan luyén trudce, hé thdng phan

loai chi can phéan tich dir li¢u phi cau trac thanh dir li€u c6 cau trac va dua vao cac
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mo hinh may hoc dé dy doan két qua. Két qua cua loai xoai dugc chuyén dén bo phan
phan loai va bat dau phan loai xoai mot cach dé dang va nhanh chong. Toan bd qué
trinh truyén va nhan dit liéu duoc thyc hién thong qua may cha dé dam bao tat ca dir

liu duogc luu gitr mot cach tot nhat.
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Hinh 4.1. Cac quy trinh van hanh ctia hé thong phan loai xoai

Trong hé théng phan loai xo0ai, cdc md hinh hoc tap c6 gidm sat da dugc chon
dé ap dung vi day 1a nhitng mo hinh don gian va pho bién trong phan loai da dugc
danh gia 1a ¢6 hiéu qua trong mot sé nghién ciru khic nhau vé phan loai trai cdy bang
Al Céc mé hinh hoc tip c6 giam sat nay rat don gian va can it tai nguyén van hanh,
do d6 mang lai loi thé vé thoi gian xtr 1y cho hé thong. May hoc duoc sir dung dé
huén luyén, xur ly dir 1i€u hiéu qua hon dua trén cac thudt todn va moé hinh théng ke.
Trong nghién ctru nay, 4p dung may hoc dugc thuc hién dé cham diém va phan loai
x0ai béng cach hoc tur dit liéu. MGt thudt todn may hoc c6 gidm sat dugc s dung voi
su ho trg bén ngoai. Tap dit lidu dau vao dugce chia thanh dit liéu kiém tra, xac nhan
va huin luyén. May hoc c6 giam sat 1a thuat toan tao ra mot ham anh xa dir li€u dau
vao thanh dau ra mong mudn, pht hop véi cac van dé phan loai. Thuat toan may hoc
c6 giam sat tir cac bd dir liéu hudn luyén dé phan loai xoai thanh cac nhom khac nhau

dua trén cac tiéu chuan mong muodn. Tat ca cac thuat toan may hoc mot s6 loai mau
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tir tap dir liéu huan luyén va ap dung ching vao tap dir liéu thir nghiém dé du doan
hodc phan loai. Bén thuat toan may hoc dugc giam sat noi tiéng nhét duoc thao luan
bao gdm LDA, SVM, KNN va RF. Qua trinh hinh 4nh sip xép xoai bang may hoc
dugc mo ta trong so dd ctia Hinh 4.1.

4.2. Chuan bi dix liéu cho qua trinh chim diém

Chuén hoé Loc nhiéu
dir liéu

—— 7 e

Bo dir liéu Xiv d
ay dung
'y mo hinh
v may hoc

Piénh gia bd
dir liéu’ trén 3

h¢ thong NI\, Huén luyén

Kiemtra | 4 g3 ligu
dir liéu

Hinh 4.2. So d6 qua trinh chuan bi bé dit liéu xoai
Bo dit liéu bat dau duoc st dung dé huén luyén cac mo hinh dy doan phai thuc
su chinh xac (accuracy va precision) va da dang (Hinh 4.2). Cang nhiéu dit liéu c6
san cho huin luyén md hinh dg doan, mé hinh cang chinh xac. Do d6, Po ludong va
thu thap dir lidu ctia nghién ciru dién ra bat cir lic nao khi thu hoach xoai. Dir liéu
x0ai duoc thu thap dua trén cac phép do thuc té. Mdi chiéu dugc do nhiéu lan. Sau
do, gia tri trung binh cua céac phép do (A_) duogc tinh theo cong thirc duodi day. Trong

d6 n 12 s6 phép do, gid tri trung binh (A_) duoc tinh bang cong thirc (4.1).

>4
A ==l
n 4.1)
Sai s6 tuyét d6i & mdi phép do dugc cho bai (4.2).
A4 =[d- 4
4.2)
Va sai s tuyét d6i trung binh duogc xéac dinh trong (4.3).
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n (4.3)

Trong d6, AA 12 16i ngdu nhién. Sai sé hé thong AA’ do dung cu do va sai s6
ngau nhién gay ra, do d6 sai sd tuyét d6i 1a AA. Vi vay, sai sb tuong d6i AA = AA +
AA" dugc dua ra boi (4.4).

s4=24 100%
y,

(4.4)

Moi phép do déu c6 sai s6. Néu phép do duge sir dung dé wdc luong cac dai
luong khéc, sai so tich liy s& duoc tao ra theo (4.5).

B=F(x,X,,....X,) <=>In(B) = In(F(x,,X,,...,X,)) (4.5)

Trong d6 s6 bién trong ham F va B 1a dai luong can do tir n bién. Ldi ciing co

thé duoc viét trong (4.6).
AB=Y Ax
= (4.6)

Tat ca cac mau da duoc do va ghi lai can than. Tir ban ghi, can tim mot gia tri
sai s6 trong mdi trai xoai va sau d6 tim sai sb tuyét d6i cua tat ca cac trai xoai trong
mat tinh nang cuy thé.
4.3. H¢ thong phan loai xoai sir dung thi giac may

Trong chuong I1I da thiét 1ap hé thong phan loai xoai theo thong phan loai xoai
theo mau sic, khéi luong va thé tich. Trong chuong nay, thi gidc may s& dugc ap
dung dé phan tich hinh anh nhin thiy duoc. Nghién ciru nay bao gém 3 budc: Trong
budc dau tién, d6 1a qua trinh ghi anh, trong d6 hinh anh dugc thu nhan tir budng xir
Iy hinh anh thong qua hé théng bang tai con lan. Tl bén trong budng xtr Iy hinh anh
dugc niém phong va chiéu sang, hinh anh cta xoai duoc chup va luu lai. Trong budc
thi hai, hinh anh dugc chup trai qua nhiéu bude xir Iy nhu ting khung hinh/gidy fps
(khung hinh trén gidy), bd loc nhiéu hinh anh, phat hién canh va theo doi ranh giéi.
Cubi cung, budc thir ba 1a mdt qué trinh ma chiéu cao, chiéu rong va khuyét tat duogc
trich xuat va tong hop thanh mot tap dit liéu. Nghién ctru [98] cho thdy mot cai nhin

khach quan vé tinh chinh x4c cta phuong phap ngudng. Phuong phap ngudng duoc
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sir dung dé chuyén d6i 4nh mau thanh anh nhi phan, sau d6 anh dugc xtr 1y thong qua
chudi xtr Iy hinh 4nh. Xtr Iy hinh anh dugc thuc hién trén mdi khung hinh. Cac khung
duoc loc dé phét hién nhiéu, phat hién canh va theo ddi ranh giéi tir d6 cac tinh ning
clia x0ai c6 thé dugc trich xuat [103]. C4u triic ctia phan cimg ciing nhu budng hinh
anh duoc thiét 1ap dua trén nang suét can thiét cua hé théng, do d6 dong xoai di
chuyén phai duoc xir Iy lién tuc trong qua trinh x0ai duoc phan loai. Vi vay, trich

xudt tinh nang xoai s& duoc thuc hién theo quy trinh sau nhu Hinh 4.3.

Quy trinh Trich xuit
Came, [ xir Iy anh [| cac tinh ning [
Bé loc nhiéu anh
Thu thip l Trich xuét:
hinh anh > chiéu cao,
Nhi phan ho4 anh chiéu rong,
khuyét tat

!

Phat hién ranh gigi

Hinh 4.3. Khung xir Iy anh trong hé théng phén loai xoai

Trong qua trinh di chuyén xoai trong budng chyp anh, hinh anh cta xoai dugc tra lai
cho bo xtr Iy trung tam lién tiép. Van dé 1a hé thong can xir 1y lién tuc trong mot thoi gian nhét
dinh dé xoai duoc xir ly truc tiép trén anh. Thu tuc truc tiép trén chudi hinh anh c6 nghia 1a
mdi khung hinh gan nhu duge xtt 1y. Vi vdy, tc d6 khung hinh (khung hinh/gidy) 1a mot yéu
td chinh anh hudng dén do chinh xac ctia xtr Iy. PO chinh xé4c ty 16 thuan voi sy gia ting cla
khung hinh/gidy. Do d6, st dung thuat toan 1am ting s6 khung hinh/gidy nhiéu hon méay anh
c6 thé dap tmg 13 mot la chon phtt hop. Trong nghién ctru ndy, viéc phat hién cac khuyét tat
va tinh toan tong khuyét tat trén xoai doi hoi mét s6 luong 16n khung hinh mdi gidy, do d6
phép ndi suy khung hinh video nhan biét duoc sir dung dé dam bao wéc tinh sai s6 thap nhét
[100]. Khung méi s& dugc tao tir hai khung lién ké. Duya trén phuong phap nay, gia tri ctia
khung hinh/gidy c6 thé ting 1én it nhat gap doi, gia tri khung hinh/gidy c6 thé ting iy thudc
vao gia tri khung hinh/gidy can lam viéc. Khung mdi fi duoc tong hop tir 2 khung lién tiép (fi
- 1, fi + 1) bang phép ndi suy dong thoi gian tiry ¥ [101]. Dé tim khung trung gian fi, dira vao
budng hinh anh tir hinh anh chyp va hinh anh dugc dua ra trong (4.7) va (4.8).
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~ 2 . .
fi—>i+1 = (1 - 1) f(i—l)—)(i+1) - l(l - 1) f(i+1)—>(i71) 4.7

£ === et A=DF0 “3)

Sau khi cac khung dugce tao, loc nhiéu hinh anh 12 mot budc quan trong. Hinh
anh dugc chup trong méi trudng nhiéu anh sang véi khong gian kin, nhung nhiéu 1a
khong thé tranh khoi. Mot trong nhiing phuong phap dé tinh chinh hinh anh 1a b loc
Gaussian [96]. Hinh anh dugc loc nhidu va tim ranh giéi ctia d6i twong. Mot ma tran
loc hinh anh (Kernel). Ma tran Kernel s€ truot trén tirng hang cua hinh anh va nhan
v6i timg ving ctia hinh anh, pixel trung tim 1a tong cta két qua. With y c6 nghia va
phuong sai 1a phan phéi Gaussian (4.9).

~xmp ) 0

G(x,y)ZAe 20} 20'}, (49)

Sau khi loc cac khung, budc tiép theo 1a giam sb luong kich thudc ciia hinh
anh dé nhan ra trai xoai mong muén. Hinh dnh nhi phan 14 phwong phap dugc chon,
tr hinh anh mau véi ba chiéu do, luc, lam dugc chuyén ddi thanh céc gia tri cua
[0...255]. Tuy thudc vao mau sic cua xoai trong ngudng mau ma chuyén doi thanh
hinh anh nhi phan pht hop nhat. Hinh anh d4u vao 13 hinh anh thang d6 xam duoc ky
hiu la i (i, j), hinh anh dau ra 13 hinh anh nhi phan duoc ky hiéu 1a i, (i, j) vac 1a
mot ngudng. Trong s6 cua mirc xam dugc x4c dinh theo (4.10).

o (D =q,)o +q,(1)o (4.10)

Trong d6, tong sb pixel c6 mirc xam i, xac suit cia q, va g, duoc trinh bay
trong (4.11) va (4.12).

q,(1) =Y P(i)
i1 (4.11)

1
q,(?) = Z P(i)
i=t+1 (4.12)
Gia tri trung binh p, va i, clia cac xéc sut g, va g, duoc tinh bang (4.13) va (4.14).
D iP(i)

(1) ==——
1 q,(?) (4.13)
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3 iPG)

,U (f) — i=t+l
’ q,(?) (4.14)
Tur phuong trinh (11-14), phuong sai dugc tinh 1a (4.15) va (4.16).
P(i

=Yl
- ¢,(0) (4.15)

i

o2(0)= 3 i (f L

i=t+l q,(1) (4.16)

Gia tri cuong do anh sang & mot pixel /(x,y) va INP(x,y) 1a cudng do cua pixel
trén nhi phan, 0 < x < Chiéu cao va 0 < y < Chiéu réng. Phuong phap ngudng dugc
sir dung dé phat hién ngudng mau cia xoai. Cac gia tri vuot qua gia tri ngudng duoc
dat thanh 1 va nguoc lai cac gia tri bén trong gia tri ngudng dugc dat thanh 0. Pau
vao cua phuong thuc 1a hinh anh mau xam va gié tri ngudng.

Twr hinh anh nhi phan, cac canh cua doi tuong dugc to sang, sau do diéu con
lai 12 két ndi cac diém d6 dé tao thanh ranh gidi ciia ddi twong. C6 nhiéu phuong phap
phat hién canh nhu phuong phap dai s6 va hinh hoc, nhiing phuong phap dai s6 cho
két qua khong 6n dinh, vi vdy nén sir dung phuong phap hinh hoc dya trén phuong
trinh vi phan hinh hoc mét phﬁn. Dé hiéu 16 hon vé cac thuat toan trong [103], mot
mo ta ngan gon duoc dua ra. Mot mé hinh dap tmg nguyén tic toi da va cho phép
phan tich toan hoc nghiém ngét da duogc st dung mdt cach hi€u qua. Thuat toan tim dudong
vién cta cac dbi tuong duoc thuc hién béng hai phuong phap toan hoc va hinh hoc. Thuat
toan ctia phuong phap s& duoc tom tit trong phan nay. Dé c6 thé theo ddi cac ranh gidi
clia mot doi tuong, cac pixel bién ctua dbi tuong phai dugc phat hién va ndi suy. Céc pixel

& ranh giéi cua dbi trong duoc ndi suy thanh cac dudng cong theo (4.17).

_ j @' @) +BP" @) )dt

(4.17)
Trong d6, v (x) = (x (s), y (3)), s [0, 1], &> 0 va B> 014 cac yéu té anh hudng
dén hé sb dan hoi va do cing cua duong cong.

Bén canh do6 cac canh dugc phat hién dya trén (4.18).
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1
E,, ==A[[VI(())|dt
0 (4.18)

Trong d6, I (v (t)) 1a dudng cong 16n nhét c6 thé. Két hop ca hai cong thic

trén, phat hién canh va theo ddi ranh gidi duoc hién thi qua (4.19).

E(v,a,B,A)= j (@' @) + ') )dt—2 j VI(v(t))|dt

(4.19)
Trong phan trén, cac phuong phap xir Iy anh duge mo ta dé trich xuét kich
thudc xoai mot cach dé dang va nhanh chéng thong qua mot loat cac phuong phap va
thuat toan hi¢u qua.
4.4. Trich xuit cac tinh ning bén ngoai hinh inh xoai
Céc hinh anh dugc phan doan véi mirc 0 cho khu vuc pixel ciia xoai va 1 cho
khu vuc pixel con lai trong mdi khung hinh. Nhiém vu tiép theo 1a tinh dién tich cua
cac pixel theo kich thudc thuc té. Pay 1a budc danh hudng 16n dén tinh chinh xac ciia
quy trinh. V&i hinh anh nhj phéan, viing pixel ¢é thé duge wdc tinh 1 kich thudc thuc
té bang cach st dung (4.20).

L= Mboundary (420)

Do dai L 13 chidu dai duoc wdc tinh, Asoundary 13 s6 pixel va K 14 hang sd, con
duoc goi 1a ty 1é kich thudc pixel va kich thude thuc té. Cac vat thé chuyén dong 1am
cho khoang cach tir may anh dén cac vat thé thay doi, do d6 cac hang s6 ty 1¢ ciing bi
thay ddi. Noi cach khac, tdc do thay ddi lién tuc theo khoang cach tir may anh dén
doi tuong. Do d6, hé sb ty 1€ K can duoc udce tinh mot cach thich hop. Voi cung d6
dai & mdi khoang cach tiéu cu, sb pixel thé hién d6 dai d6 khac nhau. Do do, cang
gan may anh thi cang c6 nhiéu pixel dai dién cho chiéu dai d6. Piéu d6 c6 nghia 13
dién tich ctia mdi pixel s& giam khi khoang cach giam. Dé xac dinh kich thudc ciia
trai xoai tir hinh anh nhi phan c6 hé s6 K thay doi do chuyén dong cta trai xoai, hé
$6 ty 1€ tur dir liéu thuc dugc udce tinh K = F (D§ dai). Diéu ndy dé dang duoc nhan ra
12 mot ham tuyén tinh vi khi s pixel tang 1én, d6 dai cling ting 1én. Vi vay, quy hoach
tuyén tinh 1a m&t lya chon thich hop. Py daila L, sb pixel trén anh 14 A va cac gia tri

duoc xem xét trén n anh.
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Trung binh cua d6 dai L duoc cho béi (4.21).

= (4.21)

n
Tir (4.20), hé s ty 18 K c6 thé nhan duoc trong (4.22).
S 4.1, —niL
1% _ =l
Z A;Z —nA?
= (4.22)

Chiéu dai L = KA dugc udc tinh bang cong thire (21). Hé s6 K xac dinh duoc
dinh nghia trong (4.23).

: e > (L-Ly

rr=1- =

, QLY ., QLY
QL= YL =

i

(4.23)
Vihé s K duoc ude lugng tir céce bién gan ding, nén sai sb ctia K dugc cho trong (4.24).
1 n
g==> (L—(KA)’
s (4.24)
Khuyét tat ctia xoai 1a nhitng hu hong trén bé mit cia xoai do con trung hodc
va cham trong qua trinh sinh trudng cia xoai. Trong Hinh 4.4, mot ) khuyét tat duoc

hién thi v6i cac ranh gidi cua hinh chir nhat.

Hinh 4.4. Cac khuyét tat bé mit xoai

TAt ca cac khuyét tat trén xoai dugc tich Iy trén toan bo bé mit xoai va sau
do6 dua ra muc do khuyét tat cudi cung ctia moi trai xoai. Do d6, cac khu vuc khuyét
tat ciia xoai trudce tién nén dugc phat hién va khoanh vung dé duoc phat hién hi¢u qua
dua trén cac khu vuc cu thé cta hinh anh nhi phan. Cac khu vuc khuyét tat kha nho,
vi vay ching phai dugc bao phu boi hinh chir nhat, vi vay khu vuc khuyét tat la khu
vuc cua nhitng hinh chir nhat do.
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Dit de = Yde; = Yhe;.w; 14 tong dién tich khuyét tit va de; 1a khung khuyét tat
thir i,. MGi khung hinh khuyét tat s& c6 chiéu dai /e; va chiéu rong ctia wi. Béi vi ca
he; va wi déu c6 13i &, do d6, 1i ctia khuyét tat Ade duoc tinh theo (4.25).

Ah

Ad, = Yd,,. ( h:" + %) = Yd,,. (i + i) (4.25)

i he. wi,
L €i 71

Trong phan nay, kich thudc thuc té cta xo0ai dugc udc tinh thong qua cac thuat
toan dugc thuc hién. Dya trén mot loat cac cong thirc tinh toan, kich thudc cua hinh
anh duoc xéac dinh theo kich thude thuc té voi sai s6 chép nhan duogc. Qua trinh wdc
tinh duoc hiéu chinh tuy thudc vao phan cling ctia may. Ngoai ra, cac khuyét tat trén
bé mit xoai duoc phat hién dé xac dinh tong dién tich khuyét tat.

4.5. Uéc tinh khoi hrong va ty trong ciia xoai

Viée udce tinh khoi lugng va ty trong xoai phu thudc rat nhiéu vao hinh dang
clia trai xoai, thay doi theo timg ving va ting qudc gia. Do d6, trudc khi cac phuong
phap dugc trinh bay, mot cai nhin tong quan vé hinh dang ctia xoai ¢ Viét Nam 13 can
thiét. Dir liéu vé xoai tai cac vuon xoai Viét Nam dugc thé hién trong Hinh 4.5 1a dit

liéu cho xoai Cat Chu.

1
§i
e
§i
I

b
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Hinh 4.5. Hinh anh xoai thu dugc khi chup
Ngoai viéc phan tich hinh dang cta xoai thong qua hinh anh cua xoai, nhitng
mau xo0ai nay ciing duoc can chinh xac bang cam bién trén bang tai dé co trong luong.
Mot thu tuc thu thap dir liéu tho 13 mot giai doan dé chuan bi cho mé hinh du
doan. Qua trinh bao gdm 3 bude. Budc dau tién 14 trich xuat chiéu cao, chiéu rong va
khuyét tat tir hinh anh dugc chup bang may anh. Trong budc thir hai, chidu cao, chiéu

rong va khuyét tat duoc két hop voi trong lugng dé tao ra tap dir liéu hoan thanh. Cudi
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cung, ty trong duoc dy dodn xap xi tir cac bién so chi€u cao va chiéu rong. So d6 cua

quy trinh tién xtr Iy dé du doan khdi luong va ty trong dwoc hién thi trong Hinh 4.6.

— Diuvio |— Xir Iy dit li¢u thd
pi it it et et e e i 1
1 - - . 1
1 | Chiéu cao Chiéu rong Khuyét tat | |
Hinh anh I e e e e e |
I N wisisle io s Fie i .
1 :
e 1 | Thétich Ty trong | |
Tinh hiéu e N e %
Loadcell v
Danh gia 16i

Hinh 4.6. Qua trinh udc tinh khdi lugng va ty trong xoai

Ty trong anh hudng dén chat luong bén trong ciia x0ai ¢6 thé dugc xac dinh
dua trén khoi lugng va trong luong nhu phuong trinh (3.8). Theo phan tich cta phan
trude, chat lugng bén trong ctia x0di cao néu ty trong cao hon mirc trung binh. Néu
ty trong dudi murc cho phép, chat luong clia xoai s& giam. Nguoi 1am vudn co thé sir
dung kinh nghiém cua ho dé danh gia chét luong bén trong bang cach cam nhan xoai
trong tay. Khéi lugng c6 nhiéu phuong phap xac dinh, tuy nhién, qua trinh sap xép
va phan loai x0ai c6 thé duoc phan tich dua trén khoi lugng xoai. Khoi lugng xo0ai co
nhiéu phuong phap xac dinh nhu mé hinh héa, phan tich thong ké dua trén kich thudc
hodc trong lugng. Khbi lugng xo0ai dugc tinh toan dya trén hinh anh hai chiéu trong
qué trinh xtr 1y hinh anh 1a mét lya chon t6i wu vi phuong phap nay khong nhimng
khoéng can qua nhiéu tai nguyén ma con ¢o thoi gian xtr Iy nhanh. Viée xir Iy hinh anh
s€ cho mot loat hinh anh cua mot trai xoai theo hudng ngﬁu nhién vi trai xoai c¢6 hinh
dang phure tap gitp xoay trén con lan di téi. Nhitng hinh anh duoc xtr ly nay cho phép
trich xuét cac gia tri vé chiéu dai va chiéu rdng cua xoai. Chiéu dai xoai dugc trich tur
tham s dai nhét ciing nhu chiéu rong trong quy trinh 1ay mau.

Trong qué trinh xir Iy 4nh, cac hudng ciia xo0ai 12 ngiu nhién duoc trinh bay
trong Hinh 4.7, tuy nhién, kich thudc cua xoai dugc xac dinh tr mot hinh chir nhat
bao phu xoai dua trén cac thuat toan xur ly anh. Trong mot sb tai liéu tham khao c6

ba bién dé xac dinh khdi lugng xoai. Tuy nhién, dya trén cac nghién ctru khac [103],
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[98] cho thiy chiéu rong (wi) va chiéu cao (he) c6 mbi quan hé v6i nhau, do dé, ca
hai c6 thé duoc thay thé bang hai bién nhu chiéu rong (wi) va chiéu cao (he). Két qua

thi nghiém cho thdy phuong phép nay c6 hiéu qua trén xoai & Viét Nam.

Direction 1 Direction 2

Direction n Direction n-1
Hinh 4.7. Huéng ctia xoai trong mdi khung
Dit liéu thu thap duoc tir hinh anh cho thdy méi quan hé ctia cac bién va khoi
lugng tuy thude vao hai bién 1a chiéu cao (he), chiéu rong (wi). Dé xé4c nhan, mot quy
trinh thuc té dé do xoai thuc té duoc thuc hién v&i cac bién nhu chiéu cao (he), chiéu
rong (wi) va khéi lugng (V) trong n mau xoai. Nhiém vu 1a du doan khéi luong véi
chiéu cao va chiéu rong cua bién. Vi vy, dbi v6i phuong phap hoi quy, he va wi 13

cac bién doc lap va 7 1a bién phu thudc dugc tinh theo (4.26).

V = (he,wi,b)=b, +b,he-+b,wi (4.26)

Khi du doan khdi lugng ludn c6 mot 1i . Goi V 1a gia tri khdi lugng du doan
va hé sd cua céac bién 1a by, b,, b, Phuong trinh du doan khéi luong (4.27).
V=>b,+bhe+b,wi+e (4.27)
Pé danh gia do chinh xac ctia biéu thirc hdi quy ndy, s& can lam cho téng cac phan du
binh phuong cang nho cang t6t véi tong cac phan du binh phwong AV dugc xac dinh boi (4.28).
n n N n ~ N A 2
AV = Zeiz = Z(V; V)= Z(V: - (bo +b,he, +bZWii))

i=1 i=1 i=1 (4.28)

Ty trong thay doi cua xoai dugce xac dinh tir khéi lugng va trong luong, ty

trong cang 16n, chit luong bén trong cia xo0di cang cao. Chat lugng bén trong cia
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x0ai rat quan trong dé phan loai chat lugng cua xo0ai nhung khong duoc chi ¥ 1am
trong cac nghién ctru trude ddy vé phan loai xoai [91-96]. Chat lugng bén trong cia
xo0di dua trén ty trong dé dua ra danh gia chinh x4c hon so véi cac nghién ctru khac.
Ty trong D cua mot trai xoai duoc cho trong (4.29) dugc ude tinh bang trong luong
(we) c6 dugc tir hé thong dir liéu va khdi lugng dugc du doan boi ke va wi.
we
b, +b,he+b,wi

D=AD +

(4.29)
Ham mat d6 duoc tinh toan dua trén we va ¥ c6 16i trong qua trinh uée tinh.
Vi vay, 16i ham mat do 1a 13i tich liy ctia we va V. Do d6, 18i cia ham mat do can
duoc xac dinh va kiém soat trong pham vi dung sai. Néu sai sd tich lity qué 16m, d6 1a
mot wdc tinh xau trong trudng hop nay. Tir quan diém d6, 18i trong so 1a Awe va sai
sO thé tich 1a AV 15i tich lity AD dugc xéac dinh 1a (4.30).
AD = Awe + AV = % " (Awe; + AV) (4.30)

Lbi tich lity AD s& dugc bu cho céc 16i khi tinh toan va udc tinh ty trong dé dam
bao it sai sd nhat trong cac ude tinh. Phan nay két thiic, khdi lugng va ty trong anh huong
dang ké dén chét lugng ctia xo0ai da duoc wdc tinh bang phuong phéap hdi quy tuyén tinh.
4.6. Phwong phap mé hinh may hoc trén h¢ thong phan loai

bé nghién ctu mot hé théng tu dong dua trén thi gidc may, nhan dang xoai la
mot bai toan phan loai quan trong. Do d6, mot hé théng tu hoc méi cho phuong phap
KNN dugc dé xudt dé phat hién ngudng mau cia xoai trong nghién ciru nay. Ngudng
mau ctia xodi dugc toi wu hoa bang cach tap hop tit ca cac gia tri mau trén anh (bao
gém ca xoai va nén) dya trén mot tdp mau nho dé huan luyén mo6 hinh. Mét khéc, cac
nghién ciru d3 chi ra rang trong luong va ty trong (trong luong riéng) 14 hai dic diém
chinh thé hién ham luong ctia xo0ai (2 yéu té anh huéng nhat dé danh gia do Brix) trong
k¥ thuat kiém tra khong pha hiy (NDT). Do d6, nghién ctru nay dé xuat mot mo hinh
két hop ctia Mang no ron da ting ngudn cap dir liu chuyén tiép (FFNN) sir dung thut
toan tu hoc dé du doan d6 Brix ctia x0ai dua trén cac dic diém bao gém do nham cua da

(khuyét tat), kich thudc (chiéu dai, chiéu rong), trong luong, mat do (trong lugng riéng).
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Mot hé théng tu hoc mai cho phuong phap K-Nearest Neighbors dugc dé xuat
dé ty dong phat hién ngudng mau cta xoai trong bai todn nhan dang xoai. Pit ra mo
hinh két hop ctia Mang no-ron chuyén tiép ngudn cap dir liéu nhiéu 16p va thuat toan
tu hoc dé du doan dd Brix cua xoai dua trén mudi bdn tinh nang (chiéu dai, chiéu

rong, do day (chiéu cao), trong lugng, mat do, R1, R2, R3, G1, G2, G3, B1, B2, B3).

r Diuvao |- Tkttt Bo xit Iy trung tim | ----- Rl Piura [
1 1 1 1
1 | : : 1 I
: Dit licu 1 +:‘> Huén luyén md hinh [—» Ty huén —t—:-b Nhin :
U 600 didm | ! KNN ban dau luyén 1 ; ' | dang xodi | |
t RGB) |1y E o :
1 1 .

I ik R, G, B, chiéu dai, — ' J :
: : i chiéu rong, khuyét tat Chiét xuat tinh nang :
1 1 : f : 1 1
1 1 ? 1 1
1 Dir liéu 2 1 : Huén luyén md hinh Ty huan I D6 Brix 1
' (512didm | | 1 FFNNbanddu [P luyén2 [~ . 1
1| cuald |1 T i l
1 . g 1 1 I
i tinh ning) i : . [ % i
: I ! 1 | Kién triic md hinh i !
1 I, : 1 |

Hinh 4.8. M6 hinh hé théng tu hoc cho phuong phéap K-Nearest Neighbors

Hé théng tu hoc cho phuong phap K-Nearest Neighbors dugce dé xuat dé tu
dong phat hién cac gia tri mau sic cta xoai trong bai toan nhan dang xoai (Hinh 4.8).
Mo hinh KNN duoc huin luyén 1an dau tién dua trén di liéu 1 v6i 600 diém dir liéu
dugc gan nhin thu cong. Sau d6, tit ca cac gia tri mau chwa dugc gan nhan con lai
(bao goém xoai va nén) dugc tu dong gan nhin dé phat hién xoai trong anh bang cach
st dung mo6 hinh KNN két hop v6i thudt toan ty hoc 1. Thuat toan tu hoc 1 tu dong
gan nhan va cap nhat dir liéu méi bang cach so sanh kich thudc cua xoai (chiéu dai,
chiéu rong, khuyét tat) trong budc nhan dang xoai véi kich thude that trong dir li¢u 2.
Mo hinh két hop ctia Nguodn cap dir liéu nhiéu 16p - Forward Neural Network va thuat
toan tu hoc dé du doan do Brix cta xoai dya trén cac dic diém cua mudi bén tham sd
(chiéu dai, chiéu rong, d6 day, trong luong, mat do, R1, R2, R3, G1, G2, G3, B1, B2,
B3) trong dif liéu 2. Bang cach huan luyén mo hinh FENN theo dit liéu 2, Kién tric t6t
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nhat cia FENN dugc xac dinh tir nhidu kién tric duoc dé xuét. Tiép theo, thuat toan tu
hoc 2 s& tu dong gén nhan va cap nhat dir liéu moi béng cach so sanh ngudng 16i.
4.6.1. Nhan biét xoai bang phwong phap tu hoc

Trong phan nay, hé thdng tu hoc cho phuong phap KNN duoc dé xuat dé phat
hién ngudng mau cua hinh anh xoai duoc khir nét chi tiét.

Ngudng mau ctia anh xoai 1a mot thong sd anh hudong dén d6 chinh xac cua
viéc nhan dang xo0ai. Tuy nhién, khong cé gia tri ngudng mau chung cho tat ca cac
giéng x04i. Do d6, viéc nhan biét xoai van phu thudc vao viéc thir nghiém tirng qua
X04i v6i cac gia tri col-hodc ngudng khic nhau dé tim ra loai phtt hgp nhat. Nghién
ctru nay da dé xuét mot giai thuat ty hoc dua trén mo6 hinh KNN dé phat hién xoai
trong anh bang cach thu thap tat ca cac gia tri mau (bao gdm ca xoai va nén). Sau do,
mo hinh KNN duoc ap dung dé phan loai cac gia tri mau cho ca 16p xoai va 16p nén.
Bang cach so sanh kich thudc ciia xoai (chiéu dai, chiéu rong, khuyét tat) véi kich

thudc that, viéc nhan dang xoai c6 thé chinh xac hon nhiéu.

1 o e e e e e ) i i i e 7§ ) e e S i e ) 1
I 1
I PRI 4 |
Dir li¢u Du doan Du doén nha

| oo u doan nhan

: ban d3u Mo hinh yi :
: ASUREP e D liéu khéng din nhin (X? l
I 1 éu khéng dan nhan (X1) :
_p ) 1

1
1
| 1 Quytrinhxirlydnh [
Sai N —{ Phat hién xodi [
I
1 Loc hinh anh
I Ngudng xoal
Ddnh gid | - thu duge
I Anh nhi phan

Li <
Ngudng

Khéi tao mit na

Tim dudng vién

Cat xén khu
vuc xoai

Chiét xuét tinh ning
(chiéu dai, chiéu cao,
| khuyét tit, mau sic
3

Hinh 4.9. Bn giai doan cua thuat toan phan loai
Thuat toan ty hoc trong bai toan nhan dang xoai: tu hoc 1a mdt phuong phap

két hop cho viéc hoc ban gidm sat, trong d6 thuat toan st dung cac du doan thay cho
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cac gia tri muc tiéu bi thiéu cho mé hinh huén luyén. Viéc tw hoc nhim muc dich lién
quan dén tap hop khong duoc gan nhan X; dé huan luyén mot bd phan loai tot hon
duoc dat trude boi tap hop cd nhan X,. Do do, khung dé xuit duoc mo ta giai doan
cua thuat todn phan loai trong Hinh 4.9.

Céac dic diém bén ngoai cua xoai nhu chiéu dai, chiéu rong, khuyét tat, mau
sic duoc trich xuét béng mot loat cac thuat toan dua trén hinh anh dién tich xoai. Tur
Hinh 4.9, hé théng dé xuét duoc chia thanh bén giai doan sau. Trong giai doan 1, mo
hinh phan loai dau tién duoc huin luyén véi X0 va YO theo cach cé giam sat, cho
phép mau cta hinh anh khong dwoc gan nhin X1 duoc phan nhom giita nén va xoai.

Trong giai doan 2, b mau Y1 trong giai doan 1 duoc sir dung dé phat hién
x0ai dya trén ba budc thu nhan ngudng xoai, khdi tao mat na va cit dién tich xoai.
Sau @6, trong giai doan 3, cac hinh anh da cat duoc st dung dé trich xuit cac dic
diém bén ngoai. Cudi cung, trong giai doan 4, hinh anh xoai ¢6 13i trich xuat thoa
man gia tri thiét 1ap dugc thém vao tap dir li¢u ban dau dugc st dung dé huan luyén
mo hinh. Cac mau khong du tiéu chuan duoc tra vé tap dir liéu khong dugc gan nhan.
4.6.1.1. Giai doan 1 - M6 hinh huin luyén

Muc dich giai doan nay 1a sir dung mé hinh KNN dé quyét dinh mau d6 1a mau
x0ai hay mau nén. Cac gia tri mau sac ciia xoai gan nhau nén KNN 13 mot mé hinh
pht hop dé dua ra du doan dwa trén phiéu bau cia nhitng diém 1an can. Hé thong st
dung dit liéu gbc, trong 6 X* = {X’,, X°,, X5, ..., X’,} 1a tp mau cua xo0ai va nén
theo bang mau RGB, va Y’ = /Y’;, Y, ¥’;..., Y’} 1a tdp duoc gin nhén cua X’, v6i
m 12 sd gia tri cia mau trich xuat tir tit ca cac hinh. KNN dugc sir dung trong phan
nay dé phan loai X’ thanh 2 nhém, v6i “17 1a xo0ai (S;) va “0” 1a nén (S,). Khai niém
chinh caa KNN rat d& hiéu. Ddi tuong thir i 1a XI_ ; trong tap khong dugc gan nhin
X' duoc phan loai theo diém lan can X°, d6i tuong nay s€ gan doi tuong vao 16p
thudng xuyén nhat trong sd cac ddi twong 1an can gan nhat. Khoang cach giita Xl_ jva

X’ duoc tinh trong (4.31).

4.31
d= (R ~R,)+(Gyy =G, +(B, ~B,)’ (431)

J
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Trong d6 X’; 1a phan tir thit i* trong X, i € {1,2...,m}, X, 1a phan tir tha j”
trong X', i € {1,2...,n}, vaR, G, B 14 gi4 tri cia mau d6, xanh 14, xanh troi tuong tng.

Xac xuit cua dbi trong X’ ;1a 16p Si dugc tinh trong (4.32). Lop c6 xac suét
cao nhét tré thanh 16p duoc du doan.

| & (4.32)
Y! :EZI(X} =S,)

k=1 ie{0,1}
Tai K 1a 56 diém lan can, 713 ham chi thi (1 dtng, 0 sai), ¥, 13 nhin dy doén cia X',
Phan tich mau sic ctia mau xoai duoc thé hién trong Hinh 4.10 1a nhimng hinh

anh thu dugc tir budng xtr Iy hinh anh ciia xo0ai do cic chuyén gia néng nghiép chon.

250
20,
150 0

a) b)

Hinh 4.10. Phén tich mau séc,cﬁa X0ai mau 5
(a) Trai xoai mau; (b) Gid tri mau sac cua trai xoai mau

4.6.1.2. Giai doan 2 — Nhin biét anh

Nhéan dang doi tuong 1la mot cong nghé duoc su dung dé nhan dang va giam
sat cac d6i twong duoc tim thay trong hinh anh va video bang cach sir dung thi giac
may tinh va xr Iy hinh anh. Trong giai doan nay, cac pixel duoc xem xét dé xac dinh
xem 1a mot phan cua xoai hay nén dya trén két qua dau ra (ngudng mau) cia mo hinh
KNN dugc st dung dé tao anh nhi phan, trong d6 mdi pixel chi c6 thé c6 mot trong
hai gid tri (0 va 1). Sau do, tir cac hinh anh ban dau, cac khu vuc bén ngoai khong
mong mudn duoc loai bé.

Mbi pixel trén anh duoc trich xudt 3 mau (R (d6), G (xanh 1a), B (xanh
duong)). Tat ca cac gia tri mau tir hinh anh thu duoc ctia 512 trai xoai duoc trich xuét
dudi dang tap dit liéu X0 véi N mau (Hinh 4.11). Cac gia tri nay duoc gan dudi dang

x0ai (1) hodc nén (0). Cac gia tri mau dugc cho 1a thé hién tt khong gian dir liéu da
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duoc cac chuyén gia nong nghiép tai Viét Nam lga chon dé nghién ctru. Sau do, mo
hinh KNN duoc huan luyén véi tap dir liéu dugc gan nhan dé tiép tuc két hop thuat
toan tu hudn luyén dé gin nhén cac gia tri mau khong dugc gan nhan. V&i mot hinh
anh moi, tit ca cac gia tri mau trong hinh anh dugc thu thap dé quyét dinh gia tri mau
nao 1a xoai hodc nén bang cach sir dung mé hinh KNN di duoc huan luyén ban dau.
Gia tri X’ ; mau khong dugc gan nhan s& duogc so sanh véi cac ving 1an cin trong tap
dir liéu X0 dé tim nhén chinh xac (Hinh 4.11). Sau d6, cac nhan duoc kiém tra véi
ngudng 16i dé xem chung c6 dap tng cac yéu cau hay khong.
Backgrgund
P/ixcl “/d,.-- Red value (R) \ R|G|B assigned_f,’{i’
-~ ;: : . Green value (G) \\ i \\{3

— 1 = l
e —_.- Blue value (B) ——|—|

=
0%_”.
o

N 0
- a) b)
Acquired Image Dataset X?
0 Mango
Datasct XV e § —\ 250 p1 Background
200
lSOBuIe

100

50

0

c)

150 50
Red 200

Hinh 4.11. M6 ta tap dir liéu X0
a) Trich xuat moi pixel trén anh; b) Cac gia tri R,G,B dugc gan nhan;
c¢) Tap dir liéu X0 véi N mau

4.6.1.3. Giai doan 3 — Xir ly anh

Giai doan nay du dinh trich xuét cac dic diém bén ngoai (chiéu dai, chiéu rong,
khuyét tat va mau séc) dua trén mdt loat cac thuét todn nhu loc hinh anh, tim duong
vién va trich xuat cic tinh nang. Boi vi anh bi nhiéu do nhiéu tir may anh lam tang

sai sO cua cac tinh nang dugc trich xuat, nén khir nhicu anh la mgt nhiém vu xu ly
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anh quan trong. Mt mo hinh t6t cia bo loc nhiéu hinh anh d3 loai bé hoan toan nhiéu
ma van giit dugc cac canh. Do do, su diéu hoa téng bién thién duoc su dung trong
nghién ciru nay dé loc nhidu, trong d6 céc chi tiét khong mong mudn bi loai bo trong
khi cac chi tiét quan trong nhu cac canh dugc giit lai. Chi tiéu tong bién thién () duoc

tinh trong (4.33).

¢(u)= \/ (W1 =y ) + (Wl g =1, ) (4.33)

Trong d6 u 1 cac anh dau vao, m va n tuong ng v6i hang va cot.

Trong viéc tim duong bao, dudng bao dugc tim thdy bang cach sir dung thuat
toan tim duong bao. Pudng bao c¢6 thé duoc dinh nghia don gian 13 mot dudong cong
két hop tat ca cac diém lién tiép (doc theo dudng vién ciia d6i tuong). Vi cing mau
sac hodc cudng do, dudng bao cta ddi twong duoc xac dinh v (s) = (x (s), ¥ (s)), trong
d6 x(s) va y(s) 1a tap hop cua (x) va (v) toa do cia cac diém trén dudong dong mic.
Céc duong bao dugc tim théy dua trén cuc tiéu cuc bd cliia ham nang lugng (£ *S,,ake)

dugc trinh bay trong (4.34).

Er e = [ En 5Dt +[ E (W)t = [ (a

Vo +5

V(O )t =4[ V1) de s

Trong do E;, 1a ndi nang, E,,, 1a ngoai nang, o 1a 4§ dan héi clia duong cong (o> 0),

B Hé sb do clig cua duong cong (B> 0), va VI 1a 6 doc ctia cudng do hinh anh, A > 0.

, Hinh 4.12. Vi du v& trich xuat khuyét tat ,
a) Cat anh; b) Trich xuat kich thudc (dai, rong); ¢) Trich xuat khuyeét tat
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Sau khi phat hién xo0ai, qua trinh trich xuét dugc thuc hién trong tat ca cac
khung dugc thé hién trong Hinh 4.12. Sau d6, xoai duoc cat thanh cac khung nho
hon, va ching dugc st dung dé trich xuét chiéu dai va chiéu rong dya trén bon diém
(trai, phai, trén, dudi). Trong cac hinh anh thu dugc, chiéu dai 1a duong ndi cac diém
bén trai va bén phai, va chiéu rong 1a dudng ndi cac diém trén cing va dudi cing.
Cubi cung, dic diém khuyét tat duge tinh bang tong cac ving pixel bang khong bén
trong ranh gigi xoai. Cac khuyét tat ctia xoai 1a nhitng ton thuong bé mit do con tring
hodc tdc dong trong qua trinh sinh truong, co6 thé 1a seo, vét tham, dém...

Khi wéc tinh cac khuyét tat bén ngoai, nhiém vu tiép theo 1a xac dinh ty 1¢ kich
thudc cua pixel so vdi kich thudce thuc duoc dua ra trong (4.35), phu thudc chu yéu

vao hé sd hiéu chinh may anh do Parketal dé xuét.

il (4.35)
Goi S = {(x;,y;) |0 <i < m}latap hop toa dd cua tat ca cac diém pixel ca
trai xoai, trong d6 m 13 s6 diém cuc tri trong phan 16i bao quanh trai xoai va xi, yi 1a
toa do x va y ctia diém th{ i. Chiéu dai va chiéu rong cua xoai dugc udc tinh dya trén

bdn diém cuc (diém tréi, phai, trén va dudi) dugc tinh trong (4.36 - 4.39).

£ = (x5 9,0, %, = min{x, / (x;, y,) €S} (4.36)
By = (g Vg )s X =maX{x; / (x;, ;) €5} (4.37)
B =0 yp), vy =min{y, /(x;, ,) €5} (4.38)
By = (g, y)s yp =maxiy, / (x;, ,) € S} (4.39)

Trong d6: P, 1a diém cyc tri bén trai, P, 1a diém cyc tri bén phai, P 1a diém
cuc tri trén, Py 1a diém cuc tri day.
Ttr phuong trinh (36-39), chiéu dai (L) va chiéu rong (W) duoc tinh theo (4.40

- 4.41), twong Ung, noi & 1 16i cua K.

N
L=lu2a[r2l\/(xL—xR)2+(yL—yR)2+gK (4.40)

i=0
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N
W = ar®Joo, —x. )Y +(y,—v,)* +¢
ﬂ; : \/( = Xp) +(Vr—Vg) K @.41)

Ty trong twong dbi D (4.42) 1a ty sb giira khdi luong riéng cta xoai véi khéi
luong riéng clia nude hay c6 thé hiéu 1a mot ham sb cua khéi lugng va thé tich cia
trai xoai, trong do thé tich 1a thé tich cta trai xoai theo don vi ml khdi, khoi luong phu
thudc vao chiéu dai va chiéu rong dugc minh hoa trong cac tai li€u, trong luong thu dugc
tir Cam bién luc la trong lugng cia xoai theo don vi gram.

D= We +&’e"
By+BL+BW (4.42)

Trong d6 £", eWe sai s6 vé thé tich va can ning, By, By, B, 13 hé s6 cua cac bién.

Trong nhan dang xoai, tit ca cac khuyét tat dugc phat hién va tich Iy trén toan
bd bé mit xoai dé thu dugc muc khuyét tat cudi cung ctia mdi trai xoai duoc cho
trong (4.43), trong d6 Ai 14 s6 pixel cta ving khuyét tat thi i. Cac khuyét tat ciia xoai
1a nhiing ton thuong bé mit do con trung hodc cic tac dong trong qua trinh sinh
truong, co thé 1a seo, vét tham, dém, v.v.

N N ‘
De = ((ﬂzaiFZi)z + 28Kﬂzair2i)z 4
0 0 =0 (4.43)

Viéc do mau sac 1a diéu téi quan trong dé biét dugc do chin thich hop va giai
doan chin trong qua trinh sinh trudéng va bao quan xoai. Trong qua trinh sinh trudng,
do mau sic cta xoai thay d6i khong dong déu trén bé mat, nghién ctru nay dé xuét
rang mdi trai xoai dugc tach thanh ba phan, sau d6 chiét xuét gia tri mau trung binh
ctia mdi phan theo dai mau RGB duoc thé hién trong Hinh 4.13. Vi hinh anh c6 ba
kénh mau (R, G, B), mdi trai xoai c6 sau dic diém mau (R, Ry, R, Gy, G,, G3, By,
B,, B;) dugc tinh bang (4.44). R1, G1, Bl 1a cac gia tri do, luc, lam cua phan thir
nhat. Tuong tu, R2, G2, B2 cho cac gia tri do, luc, lam cia phﬁn thr 2 va R3, G3, B3
cho phén thi ba.

1 P
R.,G.B)=—Y>(R..,G,,B..
( J J .I) p ;( Jst Jol .]7l) (444)

Trong do Ry, G;, B; 1a gia tri trung binh cua do, xanh 14, xanh dwong, j €{1,2,3}
R

i

G

;i Bji 1a gia tri @0, xanh 14, xanh duong cua pixel thir i"" trong phan thir

7™ va p 1a sb pixel trong timg phan.
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Hinh 4.13. Phan chia cac phan xoai
4.6.1.4. Giai doan 4 — Cap nhat dir li¢u

Trong giai doan ndy, mot tap hop cc mau X7 va cac nhan gia twong tmg Y7 s&
duogc chon dé cap nhat dir liéu dua trén danh gia 16i ciia cc tinh ning duoc trich
xuat. That khé dé tim hiéu mot mo hinh va dé t6i wu hoa cac nhin gan dung trén dir
liéu khong c6 chu thich cung nhau. Do d6, béng cach st dung kha nang tu hoc dé tao
ra cac nhan udc tinh con dugce goi 1a "nhan gia" tir cac du doan c6 dd tin cay cao nhat,
tin tuong rang chiing hau hét 1a chinh xac va gan dung v6i nhan sy that. Cac nhan gia
kém tin cdy con lai dugc gitr lai dé du doan trong tuong lai. Piéu kién cta (4.45) duoc
kiém tra dé xem liéu X7 va Y1 c6 thé dugc st dung dé cap nhat dir liéu hay khong.

If (¢, <T)) and (&, <T};) and (&, <T),)
Then (X° <~ X U{x.}) and (Y° <Y U{y}) (4.45)

Giam T, , Ty va Tp, dan dén do tin cdy cua nhan du doan cao hon. Tuy nhién,
do viéc tao ra mot phén tich twong Gmg qua chinh xac voi mot tap hop cu thé, mé hinh
khong phu hop vai dit lidu xoai bod sung hodc du doan cic quan sat trong twong lai
mot cach dang tin cdy. Do do, cac lya chon T, , Ty va Tp la sy cén béng gitra d6 on
dinh va d6 chinh xac ctia mo6 hinh KNN.

4.6.2. B dir liéu trong cac mo hinh may hoc

May hoc dugc giam sat 1a cac thudt toan c6 muc ti€u la xay dung mdt mé hinh
ngan gon vé phan phdi nhan 16p theo cac tinh ning du doan. M6 hinh duoc huin
luyén sau d6 dugc sir dung dé gan nhan 16p cho cac trudng hop thir nghiém trong dé
cac tinh nang du doan vé6i nhin 16p khong xac dinh. Nhiéu nha nghién ciru hién nay
[91-99] dang xem xét dac biét chat ch€ viéc ap dung céc ky thuat Machine Learning

(ML) (mdt tap hop ctia mén hoc Al rong hon) dé phan loai xoai. Co bén thuat toan
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hoc c6 gidm sat nhu SVM, DA, KNN va RF duogc dé cap trong nghién clru nay. bé ap
dung cac thuat toan hoc c6 giam sat vao viéc phan loai xoai, bo dit liéu chira cac dac tinh
cua xoai phai dugc phan tich cho phu hop véi tirng thuat toan. Qua trinh nay dugc goi la
phan tich dir li€u, cac budc thuc hién dugc hién thi trong Hinh 4.14.

Quy trinh ctia dir liéu huan luyén duogc hién thi trong Hinh 4.14. Ludn c6 mot
ngoai lai ddi véi mot tap dir li¢u. Vén dé cua tap dir licu co céc gia tri dac biét vi trong
qua trinh trich xuat dit liéu s& c6 mot sd van dé hoic 16i khi ghi dit lidu co thé tao ra
ngoai lai nay. Py 1a nhiing dit liéu sai khién cho toan bd mé hinh du doan phan loai
bi sai 1éch v6i mot 18i 16m. Do d9, dit liéu ngoai lai nay can dugce loai bo dé tao ra mot
bo dit liéu méi ot hon. Qua trinh loai b cac diém dit liéu ngoai lai nay s€ dugc 1ap
lai dé tao ra tap dit liéu tt nhat. Phuong phap dugc sir dung trong viéc lam sach bo
dir liéu nay 1a loai bo cac ngoai lai. C6 bdn budc trong phuong phéap loai bo ngoai lai:
Tryc quan hoa dir li¢u; Phat hién ngoai lai; Loai bd cac ngoai lai; Lap lai cong viéc

cho dén khi két thiic ngoai lai.

_| Ditli¢u huén luyén

Loai bo ngoai lai

l

Tiéu chuan hoa

!

Luru trir dir liéu

Hinh 4.14. Khung dit liéu huén luyén

Dé truc quan hoa dir li¢u nén cé thé su dung biéu dd hop. Tu biéu dd nay,
Max, Min, Trung binh, Phan tu dudi, Phan tu trén. Interquartile range (IQR) va
khoang cach va mbi quan h¢ cua cac diém dit liéu duoc xac dinh déy du. Phat hién
cac diém dir liéu ngoai lai c6 vé don gian néu phat hién tha cong dit liéu nho, nhung
dd kho s€ ty 1€ thuan véi lugng dir liéu. Tai thoi diém nay mét phuong phép toan hoc
thuc su can thiét dé phat hién cac diém dir liéu ddc biét. Biéu d6 hop hoic biéu dd phan
tan duoc st dung dé tim céc diém cu thé ndm ngoai cac gia tri tdi da va tdi thiéu trong

phan phéi ciia timg bién dif liéu.
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M&i bién doc 1ap c6 pham vi IQR riéng trong d6 cac diém nim ngoai cac pham
vi nay 1a cac diém ngoai lai. Vi vay, nhitng diém nay c6 thé dugc phat hién khi gia tri
vuot qué gia tri trung binh cta bién. Chuan hoéa dit liéu 13 mot bude tién xur Iy quan
trong. Qua nhiéu ngoai lai khong mong doi s& anh huong dang ké dén két qua du
doan. Do d6, chudn hoa s& giai quyét van dé nay va dan dén mot tap dit lidu co gid tri
6n dinh hon nhiéu. Bén canh d6, bat ky phuong phap nao ciing ¢6 nhuoc diém nhu
viéc thyc hién phuong phap chuan héa 1a xac dinh tim quan trong ciia cac bién doc
1ap khi tt ca cac bién d6 quan trong hon cac bién khac. Viéc chuan hoa dir liéu lam
mat tdm quan trong anh huéng 16n dén d6 chinh xac ctia mo hinh. Cac mé hinh c6
anh huong nhu K-mean va K-NN. Trong vi¢c chuan hoa dit liéu, c6 mot sb phuong
phap phd bién nhu Simple Feature Scaling, Min-Max, Z-score. Trong d6 tinh ning
chia ty 18 don gian, Min-max c6 pham vi gi trj [0,1] va diém Z 1a [-3,3]. Tuy thudc
vao timg muc dich, cé thé sir dung mot trong cac phuong phép trén mot cach linh
hoat nhat. Phuong phép tot nhat cho dir liéu xoai 1a diém Z vi & dy cac chuan hoa
duogc dya trén gia trj trung binh va phuong sai ctia ting bién. Phuong phap nay sé& toi
wu hoa cac diém di liéu khi gia tri tdi da va tdi thiéu cua cac bién khong hoan toan
dung, chi c6 su phan phdi cia cac bién 13 gan nhu chinh x4c. Sau khi thu thap va
chuan hoa dit liéu, bo dix liéu phai dugc luu trit trong mot tép dé sir dung va chiém it
dung luong nhat. Pidu ndy 1am cho viéc khai thac dit liéu d& dang va it ton thoi gian
nhat c6 thé. CSV 14 lwa chon phu hop 1a tap dit liéu dé sir dung chiém it bo nhé hon
cac loai t¢p khac c6 cung kich thude dir lidu.

Sau khi dir liéu dugc phan tich va tim thdy mdi quan hé ctia cac bién, mot loat
cac moO hinh may hoc sé dugc gén vao tdp dir li€u theo cac cach khac nhau dé dat
duoc hiéu qua t6t nhat. Qué trinh nay dugc goi 14 hiéu suat mo hinh va viée thyc hién
dugc hién thi trong Hinh 4.15.

Trong phan nay, cac md hinh méay hoc s& du doan xoai dwa trén cac bién dau vao
nhu chiéu cao, chiéu rong, khuyét tat va trong luong ctia xoai. Theo cac nghién ciru trudc
day vé phan loai xoai, mot s phuong phap di duoc nghién ctru nhu SVM [90,91,95],
LDA [92,93,96], RF [97], KNN [98]. Cac phuong phap trén da dugc st dung hiéu qua.
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Hi¢u suit mé hinh

Ly thuyét ciia mé hinh

h 4

Su phi hgp mé hinh

'

Daénh gia mé hinh

Hinh 4.15. Khung hiéu sut mé hinh
Tuy nhién bo dit lidu x0ai cho cac ving va qudc gia khac nhau 13 khac nhau vi
chat luong clia xoai 1a khac nhau. Do d6 SVM, LDA, KNN va RF duoc 4p dung dé phan
loai x04i trong nghién ctru nay. Nhitng mé hinh nay s& dugc ap dung va so sanh két qua
thi nghiém. Dau tién, mot cai nhin téng quan 1y thuyét vé mo hinh dé c6 duoc mot cai

nhin tong quan chung v€ nhiing uu diém va nhugc diém cua tirmg mo6 hinh may hoc.

Features(F)
Type(T)

Using bootstrap

Subset Subset
(‘[//'_Iw (IJ’“ )
........................ Forest’
Tree Treen 1=

*
* root node
’

1

3 ) [

el Sala
i

Iy

=

- “w
. Majority
- vole %

B e e wet et W Wl e e e T w ke e aa e e e Al e e w ew e e n m owe

Hinh 4.16. Qua trinh huan luyén RF
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Th nhit, mé hinh RF dugc coi 1a loai tach 16p xo0ai su dung dir li¢u thu thap
dugc. Pay 1a mot mo hinh phan loai rat phd bién va hiéu qua dé giai quyét van dé vé
cac gia tri phan loai khong c6 tinh tuyén tinh véi cac bién doc lap. RF 1a mot phuong
phap hoc tap dong b, sir dung nhiéu mé hinh RF dé c6 duogc két qua du doan va giam
phuong sai v6i d6 1éch nhé. RF ¢6 xu hudng tim hiéu cic mau bat thuong, do d6 mo
hinh ¢6 d6 1éch thap, nhung phuong sai cao. Qua trinh huin luyén ciia RF duoc thé
hién trong Hinh 4.16.

Qua trinh hoat dong RF dién ra trong ba budc:

Buwéc 1. Ap dung tong hop bootstrap [108] dé tao k tip con tir tap huan luyén

Gidsu F = {fi: 0 < i < n}latap hop dic diém ciia » mau xoai da dugc dan
nhan, mdi mau f, = [he;, wi;, de;, we;|T trong d6 he, wi, de, we 1an luot 1a chidu cao,
chiéu rong, khuyét tat, trong lugng cia xoai.

Cho T = {t;:0 < i < n} la loai tdp hop theo n phan tir trong tap F, t; €
{1,2,3} trong d6 G1, G2, G3 lan luot 14 cac loai xoai.

Mot phuong phap mo hinh RF tao k tap hop con bang cach chon mét mau
ngau nhién c6 thay thé [F, T]. Do d6, tip k la tdp con B = {b;:0 < i < k}, trong do
bi 1a tap con thir i. Tap hop cta bi bang S hoic co thé duge ky hiéu |b;| = S. Hon
nita, bi ¢6 (I - 1/e) cac vi du duy nhat cia S.

Bwéc 2. Huan luyén RF

Cac nut duoc gén nhan vdi céc tinh nang dau vao duge chon va phan cép dan
dén nat quyét dinh cp dudi. Co ba cach dé thyc hién quy trinh nay: Gini hoic entropy
nhung trong nghién ctru ndy Gini duoc chon, béi vi Gini c6 thé giam thiéu phan loai
sai va Gini s& ¢6 xu hudng tim 16p 16n nhat trong khi entropy c6 xu hudéng tim cac
nhém 16p chiém khoang 50% dit liéu. Noi cach khac, thoi gian tinh toan cta Gini
nhanh hon Entropy, diéu ndy s& giup giam thoi gian huan luyén dir liéu. Cong thirc
Gini dugc dua ra boi (4.46).

G(F)=1- 2 P
= (4.46)
Cong thirc Gini 1a thudc do tan suat F duoc chon ngdu nhién s& dugc dan nhin

khong chinh xac néu duge dan nhin ngiu nhién theo phan phdi nhén trong bi.
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Budée 3. Lua chon két qua. Két qua ciia phuong phap mo hinh random forest
(yFR) duoc chon tir két qua ciia cdy trong rimg theo phuong phap bo phiéu da sé.

Thir hai, mot phwong phap phan loai KNN ciing dugc st dung dé phén loai
x0ai, sau khi vin dé xay dung va giai quyét cic phuong phép sir dung. KNN 1a mot

thuat toan trong do dau ra 12 mot loai thanh vién. KNN 1a mot kiéu hoc tap dua trén

ca the, trong do xoai dugc gan cho loai xoai pho bién nhat trong s6 xoai gan nhat.

Qua trinh thyc hién KNN dugc dua ra trong Hinh 4.17.

Dataset
Feature(F)
Type(T)

k neighbors

Training set

Predicted
point (x)

Large margin nearest
neighbor

!

YVx

Hinh 4.17. Qua trinh dy doan ciia K _nearest neighbors.

Xoai dy doan la vecto fx trong khong gian dac trung F. Loai phan ting tx T duoc
du doan bang cach xem xét £ mAu gan nhat X. Thuét toan 14n can bién gan nhat (LMNN)
[100] do d0 gan giira k x0ai va_X. k xoai X gin nhit dugc chon bang cach str dung sb liéu
Mahalanobis 12 mét ellipsoid. Xéc suit ctia X co loai ¢ {1, 2, 3} dugc tinh theo (4.47).

k
P(X =1) =121(fx =1)
= (4.47)

Trong d6 113 ham chi thi (1 13 ding, 0 sai). Lép c6 xac sudt cao nhét trd thanh loai dur doén yx.

Thir ba, phuong phap mo hinh SVM s& duoc dé cap. Ngoai hai phuong phap mé
hinh RF va KNN, SVM 1la phuong phap mé hinh duoc nhiéu nha nghién ciru Iya chon
nhat vi tinh linh hoat ctia phuong phap nay khi str dung hyperplanes dé tach cac 16p.
Trong nghién ciru nay, mot phuong phap ap dung SVM duoc hién thi trong Hinh 4.18.
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Cac mau xoai fi trong khong gian dic trung F va fi c6 kiéu tie {1, 2, 3} trong
khong gian loai 7. Vi vay, vecto ¥ = [f;,t; ] 1a mau huan luyén trong khong gian
huan luyén Fx T. M6 hinh SVM tim thay c4c hyperplanes chia loai xoai trong F x Tkhong
gian dé khoang cach giita chiing va diém gan nhat fx tir mot trong hai nhém 1a cyc dai. mdi
siéu phrflng dugc tao phai dam bao cac diéu kién duoc duara trong (4.48).

arg min(||\7v||) subject to tl.(\7vf‘l. -b)>1,ie{l,2,.n} (4.48)

Hé s6 nhan Karush-Kuhn-Tucker (KKT) [101] va Lagrange dugc sir dung dé
t61 uu hoa boi (4.49).

Features(F)
Type(T)

l Find hyperplane
One-versus-all method| between each type
mango and rest types

mango

hyperplane, | | hyperplane, | | hyperplane;

Predicted
point (X) Model SVM

!}

y svm

Hinh 4.18. Qua trinh dy doan cuia SVM

W= At
i=0 (4.49)

Trong khi tao hyperplanes, mo hinh SVM ap dung chirc ning Kernel dé ting
kich thudc cta dit liéu. Piéu ndy lam cho viéc phan nhom dir liéu d& dang hon nhiéu.
Véi By, i, F,K(fi, f) 1an lugt 1a d6 1éch, cac tham sé mo hinh duoc hoc, khong
gian dic trung va ham Kernel ctia vector (f;, f;). Vi vay, bo phan loai vecto hd trg

c6 thé duoc biéu dién trong (4.50).

fx)= B+ aK (L)

ieF (4.50)

123



Su két hop cua tat ca cac hyperplanes di phan loai xoai riéng biét. Bat ky xoai
nao co tinh ning fx va loai khong xac dinh s& duoc sap xép va xem xét trong cac cum
duoc chi dinh ciia m6 hinh va dua ra céc loai xoai do txe{1, 2, 3}.

Cubi cung, phuong phap the Linear Discriminant Analysis (LDA) ciing da
duogc tién hanh va ¢ hiéu qua cao trong nhiéu nghién ctru. Do d6, LDA s& duoc ap
dung cho bd dir li€u nay mot cach thich hop. Phuong phap LDA sé& cho ta mot goc
nhin méi vé phan loai dit liéu bang cach giam kich thudc cua dir liéu nhung van dam
bao tinh chinh xc cta du doan. LDA 1a phuong phéap giam dir liéu dé tim ra cac tinh
ning cta dir liéu véi phuong sai va su khac biét giita cac loai x0ai cang 16n cang tot.

Qua trinh thyc hién dugc lam 16 hon trong Hinh 4.19.

Features(F)
Type(T)

! Find hyperplane
One-versus-all method| Petween eachtype
mango and rest types

mango

Types Type Types
) ' i
h(lal) hgﬁ'z) hgﬂs)
ot 00, Model LDA
i
YLDA

Hinh 4.19. Qué trinh du doan cua the Linear Discriminant Analysis
Cac mau xoai trong khong gian dic trung F va c6 kiéu t; ef1, 2, 3} trong
khong gian loai 7. Vi viy, vecto dang huan luyén mau trong khong gian huan luyén
F x T. Mot cach so véi tt ca “One-vs.-all” [108] duoc stir dung dé phan biét tung loai
X0di v6i phan con lai cia dir lidu. Vi #i trong T. Goi vecto {z/,j € {1,2,3} 1a loai

xoai sao chonéu t; =jthiz; =1vat; # jvaz =0.Do do, moi vector z tao ra
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mot nhom riéng biét cua mét loai xoai twong ung. bat G = {G1, G2, G3} cua tung
nhom riéng biét.

Sau khi cac loai xo0ai dugc phan bi¢t thanh cac nhém riéng biét, cac nhom nay
duge dua vao md hinh LDA dé tim cic duong thang phan biét trong tip hop H =
h§91), hégZ), h§93) cac dudng thang h§91), hggZ), h§93) cua cac nhom riéng biét G1, G2,
G3 twong ung. Bén canh @06, 6, = [uy,0,]", 0, = [Uy, 0,]" , 05 = [Us, 05]" chira céc
gia tri trung binh va phuong sai cho ting loai xoai trong mdi nhom G1, G2, G3.

Vi 0] = [uy, 0117, 05 = [us, 051", 05 = [us, 03]" céac tuéng trung binh va
phuong sai. Cac loai xoai khac trong mdi nhém G1, G2, G3. h§91)’ hgeZ), h§93) duoc
t6i uu hoa bang cach tdi da hoa khoang cach gitta cac phuong tién trong mdi nhém

trong khi giam thiéu sy phan tan. Phuong phap duoc thé hién trong (4.51).

3 ’ !
argmax(Q" (1, —u) (1, — 1))
B = 23
. 3
arg mln(Z:i=1 Giz)

ie{1,2,3} (4.51)

Mot miu x khong nhin thidy dugc duy doan bang cach chiéu x lén
hgel), hggZ), h§93) tuong (mg. Loai xodi clia mau x 12 xac suat 1én nhat cia x trong mdi
A g x: 1 (01) 1.(62) 1(8
phan phéi A%, h$%, h{% dugc cho trong (4.52).

1 x—1)’
e el 2]

(123} \ oN27 20

1

(4.52)
Két luan, bon phuong phap hoc ¢ giam sat da dugc khai quat vé 1y thuyét va
cach ap dung chiing vao tap dit liéu trong nghién ciru nay. Mdi phuong phap déu c6
nhitng vu nhuge diém khac nhau. Phan thuc nghiém tiép theo s& lam sang to murc d6
phu hop ctia cdc md hinh nay véi tap dir li¢u hién co.
4.7. Phan loai xoai str dung cic phuong phap mo hinh LDA, SVM, KNN va RF
Tir cac mua xoai khac nhau, 4983 mau xoai dugc do chinh x4c va can than (Mbi
trai tir 300-500 gram gom 3 loai xo0ai theo quy dinh, mdi thang 1ay mau du dé thi nghiém
[8]. Thu hoach, 1y mAu va do luong trong cac thang tir thang 11 dén thang 6 (1dy mau

ngau nhién va sd luong mau trong thi nghiém cho phép). Boi vi day 1a thoi diém xoai
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dugc thu hoach véi sb luong 16n. Chat luong xoai thay doi theo timg thoi diém vi vay
viéc thu thap tit ca dit liéu 13 can thiét. Luong dit liéu thu duoc tir mdi thang dugc ghi
trong Bang 4.1. Dit liéu xoai duoc thu thap dya trén cac phép do thyc té trong d6 chiéu
dai va chiéu rong (chiéu cao, chiéu rong, kich thudc cua khuyét tat) duoc do béng cac
cdng cu Mitutoyo véi do chinh xac 0,05mm. Ngoai ra, trong luong ctia mdi trai xoai
duoc do béng can dién tr dua trén cam bién bang tai véi sai 6 0,01 g.

Bang 4.1. S6 lugng miu xoai do mdi thang

Théang 11 12 2 3 4 5 6
Maiu 982 691 492 542 631 998 647

Ngoai ra, thé tich (V) ciia xoai duoc do bang phuong phap binh tran véi thiét
bi 12 binh thity tinh 1000ml va sai s6 0,4ml ma cac phuong phap do duoc thuc hién
nghiém ngat dé dam bao dd chinh xac. Mdi dai lugng duogc do 10 lan. Gia tri trung

binh cua cac phép do dugc tinh toadn. Vi n 1a thoi gian do.

M~ T | Phanloaitydéng |~ — 7 T = | Phanloaithucéng [ ~ 7
| a1 |
® 000G ®
| | N |
| N — ] |
I ~— Mayhoc L _ | 7 |
I | RF KNN | - 2 |
| | | || |
| | ewm wa ]! || |
| i | O |
Ry " L 4

Hinh 4.20. Quy trinh hé thng phan loai str dung méy hoc cho 4 m hinh LDA, SVM, KNN va RF
Trong nghién ctru nay, cac mo hinh ctia May hoc duogc gidm sat dugc st dung

dé dy doan céc loai xoai. C6 bon thuat toan dé ap dung va trién khai 1a LDA, SVM,
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KNN va RF dugc trang bi dir li¢u cua xoai va do chinh xac cua ching sé dugc hién thi
trong Bang 4.2.

Tap dit lidu duoc tao ra bang cach phan loai xoai thil cong dua trén mat do (D),
thé tich (V) va khuyét tat (de). Viéc phan loai thu cong nay do cac chuyén gia vé xoai
thuc hién. Cac loai dugc dan nhan bao gém G1, G2 va G3 cua xoai dugc do bé“mg DV
va de tir bdn dic diém dugc trich xuat de, we, wi va le (Hinh 4.20).

Céc m6 hinh ML duoc giam sat va cac nén tang thuc hién phu hop dé dy doan
cac loai xoai dugc xac dinh béng cach so sanh d¢ chinh xac cua duy doan. Ngoai ra,
céc thong sd duoc toi uu hoa cia mdi mo hinh dé thay di dit liéu cia xoai cling duoc
thuc hién. Sau khi phan tich dir li¢u dé xac dinh méi quan h¢ cua cac bién, cac mod
hinh dugc dua vao cac tham s cua chung dé dat dugc hiéu suit hoat dong tdt nhat.
Khung ctia qua trinh huan luyén duogc thé hién trong Hinh 4.21, bao gdm sau phan:

Pau vao, dau ra, KNN, LDA, SVM va RF.

Diu vao
le wi de we
RF KNN One-vs-all
k thod
Subset eee Subset nePnoors e
M) i - LDA
Teel Teee Training V @
== O
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Hinh 4.21. Khung quy trinh huén luyén dya trén 4 mo hinh SVM, LDA, KNN va RF

Tap dit liéu duoc chia thanh ba phan 13 dit liéu huan luyén, dir liéu xac nhan

va dit liéu thir nghiém. O 16p ngoai, 10% dir liéu gbc duge tach ra dé 1am dit liéu thir
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nghiém nham x4c dinh hiéu suat ciia cic mo hinh. Phan con lai ciia dit liéu dugce sir
dung dé phat trién mot mo hinh. 90% dir liéu gbc duoc sir dung trong 16p bén trong
dé diéu chinh cac tham sb. Dir lidu d6 duoc tach thanh dit liéu huén luyén cho mo
hinh dé cung cip dy doan hodc danh gia chat lugng, dit lidu xac nhéan 1 dé danh gia
dd chinh xdc ciia mo hinh va chon cac thong sb tot nhét ciia mo hinh duya trén két qua
dau ra di cho mét cach khach quan. Dir li¢u huin luyén duoc st dung dé huan luyén
md hinh dua ra du doan va dir liéu xac nhan dé kiém tra d6 chinh x4c ctia mo hinh
mot cach khach quan dua trén dau ra di cho.

Ngoai ra, dir li¢u thir nghiém dugc s dung dé kiém tra do chinh x4c ctia md hinh
du doan. Trong truong hop dit liéu qua it dé huan luyén mot mo hinh chinh xac, rat kho
dé phan chia dit liéu thanh dit liéu huan luyén va dir liéu xac nhan. Ludn ludn gitr tap dix
liéu huan luyén cang 16n cang tot nhung khong qué it tap dir liéu kiém tra. Khi dir liéu
xac nhan qua nho, cac trang thai ctia khép trén va dudi khép xay ra. Sau khi can than do
kich thudc ctia 4983 miu xoai va tinh toan sai s6 ngiu nhién cua timg trai xoai. Sau do,
biéu d6 thong ké 16i dugce tao thanh tir dit liéu 1i ciia cac bién. Céc 16i vé s6 lugng nhu
chiéu cao, chiéu rong, khdi luong, thé tich duge thé hién qua cac biéu d6 Hinh 4.22,

Distribution of error
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Hinh 4.22. Phan bd 13i cac dic tinh cua xoai
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Céc biéu do & trén c6 hinh dang rat gidng voi phan phdi cac tap dir liéu tap
trung vao mot pham vi céc gié tri va it hon trén cadc pham vi con lai. Vi vay, gia tri
trung binh cta 18i 12 mot iy chon cho gia trj 16i gin diing cta bién. Bang 15i cua cac
bién chiéu cao (ke), chiéu rong (wi), trong lugng (we), thé tich ¥, khuyét tat (de) xuat
phat tir bang phan phéi duoc hién thi trong Bang 4.2.

Béng 4.2. Bang phan phdi sai sO tuyét doi cac bién cua xoai

Chiéu cao | Chiéu rong | Trong lwong | Thé tich | Khuyét
(mm) (mm) (gram) (ml) tat (mm?)
Sai s0 tuyét doi 0.45 0.62 2.15 4.3 5.23
Sai s6 twong doi | 0.39% 0.78% 0.63% 1.3% 2.32%

Li do nho hon sai s6 cho phép, vi vy dit liéu nay 13 déng tin ciy. Do d9, dit
liéu nay s& duoc coi 1a kich thudc dit liéu thir nghiém cua xoai. Véan dé tiép theo 13
xu ly hinh anh cta nhitng trai xoai nay vai kich thudc that cia chung va danh gia do
chinh x4c ctia chung. T4t ca xoai dugc phén loai theo tiéu chuan chuyén gia duoc ap
dung bai tit ca nong dan. Mot trai xoai khi dugc phan loai phai dap tng cac dic diém:
trong lwong, khuyét tat va ty trong dugc mé ta trong Bdng 4.3.

Bang 4.3. Dic diém loai xoai tiéu chuan

Pham vi trong | Pham vildi | Chénh léch trong | Khuyét Ty
lwgng (gram) | trong lugng lwgng cung loai tat (cm’) | trong

Loai 3 200 - 350 180 — 425 112.5 >5 <l
Loai 2 351 - 550 251 - 650 150 3-5 1-13
Loai 1 551 - 800 426 — 925 187.5 0-3 >1.3

Do khong thé x4c dinh ty trong xoai thong qua hinh anh truc tiép ctia xoai, nén
ty trong cta xoai duoc wdc tinh gian tiép thong qua cac dic diém quan trong d6i voi
ty trong ctia xodi. Ty trong duoc tinh theo trong luong riéng va khdi luong. Khoi
lugng 1a gia tri thu dugc tir bang tai. Pac tinh con lai 1a khdi lugng s€ dugc uodc tinh
thong qua Chiéu cao va Chiéu rong cta xoai. Nhing tinh ning ndy cé thé dugc udc
tinh tir hinh anh ctia xoai. Sau khi tong hop, dir liéu s& duoc xtr Iy va phan tich dé co
duogc dir lidu tot nhat. Pay con duogc goi 1a bude xur 1y trude dit liéu. Xoai trong nghién
ctru duoc sap xép va phan loai thanh ba nhém véi chat lugng cao nhat 13 16p mét, va
chat lwong thap hon tir 16p hai dén 16p 3. Cac bude xur Iy anh di duoc thir nghiém trong
Hinh 4.23.

129



Camera ‘

RGBimage  Calbrationmnage  HSVimage Binary image ‘

P Weth
VT \
' \,I I Q ‘ . | E
4 4 4 4 comwu- Feight

Hinh 4.23. Quy trinh chiét xut cac kich thudc va khuyét tat ciia xoai

Chiéu cao va chiéu rong duoc udc tinh bang s pixel hinh anh nhi phan. L3i
giita két qua thuc té va két qua udc tinh xdy ra bang cach so sanh ching ciing nhu
tinh toan ty 1¢ 181 s& gitp d4nh gid két qua ciia tat ca cac bude xir 1y. Sau khi udc tinh kich
thudc clia x0ai va so sanh vai kich thudc thyc té, két qua 1a rat nho. Cac thi nghiém cho
thay két qua wdc tinh do dai cua pixel va kha tét vi d6 1éch khong dang ké. Qua trinh phat
hién x0ai va trich xut chiéu cao va chiéu rong cua xoai dugc thuc hién trong Hinh 4.24.
Tt ca cac khung xoai dugc chup trong budng xt 1y anh déu duoc xur 1y. Két qua cua
qua trinh 13 chiéu dai va chiéu rong 16n nhat. Céc thi nghiém trong Bdng 4.4 cho thay
két qua wéc tinh 14 rat nho.

» DE’
Width(j.j) i Width(i,j+2
Height(i,j) Height(i,j+1) Height(i,j+2)
E‘ <—El e o o-

Width(i,j+n)

Width(i j+(n-1)

Helght(lj+n) Height(i,j+(n-1))

Hinh 4.24. Qué trinh phét hién xoai va chiét xuét chidu coo, chiéu rang
Khdi lugng xo0ai dugc du doan tur chiéu cao va chiéu rong tur hinh anh dugc
chup. Dt li€u duoc léy tr dir liéu thuc dé tao mo hinh du doan khéi lugng. Trong
lugng duoc udce tinh tur chiéu cao va chiéu rong, do do, mbi quan h¢ gitra chiéu cao,
chiéu rong va trong luong dugc tim thdy trong Hinh 4.25. Tt biéu dd trén, cac tinh
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nang: Chiéu cao, Chi¢u rdng c6 moi quan hé tuyén tinh véi V. Do do, trong luong s€
duoc du doan boi mdt mo hinh tuyén tinh véi cac bién: chiéu cao, chiéu rong.

Bang 4.4. Kich thudc thuc té clia céc bién chiéu cao, chiéu rong va khuyét tat

Chiéu cao (mm) Chiéu rong (mm) Khuyét tit (mm?)

Srr | doh | Xich g || RER || K o, || Rl | e ,.
thude thude Loi thuée thuéc Loi thuéc thuéc Loi

thuc té | wéc tinh thuc té | wdc tinh thuc té | wdc tinh
1 152.2 152.0 0.2 83.2 83.0 0.2 74 7.6 0.2
2 154.8 1549 0.1 723 72.1 0.2 0.5 0.1 0.4
3 156.9 157.2 0.3 88.6 88.4 0.2 1.2 0.9 0.3
4 150.3 150.2 0.1 69.6 69.8 0.2 7.3 7.6 0.3
5 128.2 128.3 0.1 84.1 83.8 0.3 6.4 6.7 0.3
6 114.2 114.1 0.1 83.5 83.9 0.4 0.4 0.2 0.2
7 119.4 119.6 0.2 78.1 77.7 0.4 1.0 0.7 0.3
8 110.3 110.2 0.1 71.1 70.9 0.2 21 1.9 0.2
9 117.2 117.1 0.1 89.9 89.7 0.2 8.5 8.3 0.2
10 152.2 152.1 0.1 82.9 83.0 0.1 8.6 8.5 0.1
4980 141.2 141.1 0.1 82.2 82.4 0.2 6.1 59 0.2
4981 119.1 1189 0.2 714 713 0.1 37 33 0.4
4982 159.6 159.7 0.1 78.0 78.1 0.1 6.4 6.3 0.1
4983 129.5 1294 0.1 89.7 89.8 0.1 9.5 9.7 0.2
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Hinh 4.25. M&i quan hé tuyén tinh giita chiéu cao, chiéu rong va khdi lvong
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Xay dung cac cong thirc ude tinh ctia khéi luong. So sanh gitra khéi luong thuc va
woc tinh duogc hién thi trong Bdng 4.5. Trong lugng duoc 1ay tir biang tai va tinh toan trong
lwong udc tinh dya trén bo didu khién chinh cia PLC duoc hién thi trong Hinh 4.26.

Loadcell Kalman filter PLC

v

Tinh hiéu dé uéc tinh
tdng trong lugng xoai
Lép ké hoach trong va sb khay (wto)

luong cua khay (wt)

Chiét xuét trong lwong

.z T cuia xoai (wm
Kiém tra vi tri xoai (wm)

tir camera (vt) N

Noi suy trong lhrong
thuc cua xoai
Wwr=vt.wm

Hinh 4.26. Nguyén Iy hoat dong ctia Cam bién luc

Bang 4.5. So sanh giira khéi lugng thuc té va ude tinh

STT Chiéu cao Chiéu réng Khdi luong thyc té | Khéi lugng wéc tinh
1 129.2 66.6 224.8 220.7
2 131.1 73.1 309.8 304.6
3 127.6 68.5 241.1 236.4
4 131.9 714 290.9 287.9
5 1289 71.6 2764 278.1
6 128.9 74.6 307.7 313.1
7 130.4 72.5 288.9 2947
8 134.6 72.7 309.5 3143
9 1299 679 241.0 238.8

4982 129.6 82.7 412.5 410.8

4983 136.7 68.7 277.3 276.1

Trong qua trinh x1 1y, tin hiéu ludn bi nhiéu lam cho két qua do cua bang tai
khong chinh xéc. Vi vay, tat ca cac tin hiéu tir bang tai dugc truyén qua bo loc nhiéu
Kalman, & d6 cac gia tri bién ddi qua 16n s& bi loai bo. Sau khi thu dugc tin hiéu khéi

lugng tir bd loc nhiéu, cac tin hiéu ndy s& duoc giai ma va wdce tinh cho thay két qua
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trong lugng thuc cta xoai. Két qua khdi luong nay bi anh hudng béi vi tri clia xoai
trén khay. Do d6, vi tri cia trai xoai trén khay s& duoc kiém tra bang camera. Céc gia
tri trong lugng udce tinh s¢ dugc ndi suy voi chiéu cao, chiéu rong va khuyét tat cho
két qua trong lugng thyc cua xoai.

Trong phén nay, téng quan vé toan bod tap dir liéu dugc xem xét va thuc hién
cac budc xur ly dit liéu phu hop nhat trudce khi ap dung cac thuat toan. Dir liéu s€ duogc
kiém tra va loai bo cac gia tri la trong Hinh 4.27 va Bdng 4.6.

Bang 4.6. Bang pham vi cac bién cua dit liéu

Loai 1 Loai 2 Loai 3 Tong s6 | Khac biét
Trong lrgng | 400 — 520 | 330—380 | 170 —300 | 170 —520 350
Chiéu cao | 125-135 | 118120 | 105—115 | 105—135 30
Chidurong | 85—88 77 — 83 71-75 71 —88 17
Khuyét tit 1-3 12-3.5 3.8-9 1-9 8
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Hinh 4.27. Pham vi cia cac bién khi tmg dung thuat toan
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Trong bd dir liéu duoc trich xuét, viéc phan phdi dit liéu giita cac bién rat khac
nhau, do d6 can chuan hoéa dit liéu. Piém Z cua phuong phap da dugc sir dung, cac
gia tri duoc ti€u chuan hoa c6 rang bugc [-3,3]. Pay la dir liéu duoc chuan hoa trong
Bang 4.7. Dt liéu xoai cua 4983 xoai da dugc su dung dé huén luyén cac mo hinh
LDA, SVM, KNN va RF. Truéc khi dén cdc mé hinh d6, dit liéu can duoc kiém tra
mdi quan hé gifta cac tinh ning cta xoai trong Hinh 4.28.

Bang 4.7. Dit lidu sau khi chuén hoa

STT | Khdilugng Chiéu cao Chiéu rong Khuyét tat Phan loai
1 0.192553 1278286 0.217425 1.189265 type3
2 -0.29064 1446548 -1.14011 -1.73045 type2
3 -1.13048 1.579998 0.893258 -1.42841 type3
4 -1.39509 1.173848 -1.4314 0.782674 type3
5 -1.53314 -0.10262 0.31069 0.496124 type3
6 -0.66454 -0.92072 0.32817 -1.71883 type2
7 1.601871 -0.61321 -0.44093 -1.64913 typel
8 0.762033 -1.14701 -1.29743 -1.1496 typel
9 0.934602 -0.74666 1.056442 1.425475 type2
4982 0.048745 0.494998 1.406033 1363518 type3
4983 0.192553 -0.5958 -0.51085 -1.0102 typel
1.0
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Hinh 4.28. Mdi quan hé giita cac tinh ning ciia xoai
Vi Hinh 4.28, mdi quan hé tuyén tinh chi xay ra giita trong lugng va chiéu cao,

chiu rong, cac tinh ndng con lai c6 moi quan h¢ phi tuyén tinh véi loai khac. Do do, sur
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dung md hinh tuyén tinh dé dyu doan loai xoai 1a mot lya chon khong tét. Dit liéu dugc

chia thanh 3 phan bao gdm dit liéu huan luyén, dir liéu xac nhan, dit liéu thir nghiém

dugc trinh bay trong Bang 4.8.
Bang 4.8. S6 luong b dir lidu
Tap dir lidu | Huén luyén | Pinh gia | Kiém tra
Loai 1 1723 1073 300 350
Loai 2 1570 1036 215 319
Loai 3 1690 1068 256 366

Tap dir lidu voi 4983 mau dit liéu duge trich xuat va tong hop tir hinh anh va
bang tai. B dit liéu duoc chia thanh ba phan véi 3194 bang cach sir dung huan luyén
mo hinh, 771 dugc st dung dé xac thue va 1035 duoc st dung cho kiém tra. Hinh

dung cua tap dir licu huin luyén dugc thé hién trong Hinh 4.29 va 4.30.

o Type 3
o Type 2

Hinh 4.29. Tryc quan hoa dir liéu huén luyén
Céc loai xo0ai trong Hinh 4.29 phan phdi cac diém dir liéu & ngoai vi co vé dé
phan loai, nhung khi tiép can trung tdm, viéc phan chia xoai trd nén phirc tap va duong
nhu khong tuan theo mét quy tic dé hiéu s& gay khé khin cho viéc phan loai thuat toan.
Trong Hinh 4.30, & ca hai dau cua tryc khuyét tat (khuyét tat (0,4), (6,12)),
gidi han giira loai xo0ai kha rd rang nhung trd nén phirc tap hon véi khuyét tat giita =
(4,6). Ly do cho két qua nay 1a khi khuyét tat xoai qua cao hodc qua thap, xoai dé xac
dinh loai nhung & khuyét tat thong thuong, viéc phan loai xoai trd nén khé khan hon

nhiéu khi phu thudc nhiéu vao cac yéu té phan loai khac truéc khi quyét dinh loai
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xo0ai. Khi xem xét trong luong, d& dang nhan ra khéi lugng cang cao, chat lugng xo0ai
s& dugc danh gia cao. Tuy nhién, van c6 mot luong xoai dang ké duoc danh gia ¢
chat luong kém do mot sd bién nhat dinh 1 dudi tiéu chuan. Péi véi truc cua khoi
luong, xoai duoc chia ma khong c6 bat ky quy tic nao. Ly do chinh 14 xo0ai dugc phan

loai tuy thudc vao ca khoi lugng va trong lugng.

Volume (cm?3)

200 300 400 500 600 700 Weight (g)

Hinh 4.30. Gi6i han khuyét tat trong phan loai mé hinh LDA

defect = (0,2] defect = (2.4

200 200 400 S00 800 700 800
Weight

defect =(4,6) defect = (6,12)

200 300 400 s00 600 700 800 200 300 400 500 600 700 800
Weight Weight

Hinh 4.31. Phan phdi cac diém dir liéu trong phan loai md hinh LDA
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Bo dit liéu huan luyén duogc st dung dé huan luyén bdn mo hinh LDA, SVM,
KNN va RF tyong (g M6 hinh LDA lan dau tién duoc bat dau & Hinh 4.31 v6i 46
chinh xé4c twong ddi 91,9%. Trong Hinh 4.31, cic trai xoai dugc phan tach tét trong
cac ving dit liéu c6 khiém khuyét (0,2), (2,4) va (6,12) trong d6 cac trai xoai duoc
du doan gan voéi dir liéu thyc té. Tuy nhién, 16i ting manh trong ving khuyét tat (4,6).
Vi céc loai xoai loai 1, 2 va 3 dugc phan tach béng cac duong théng, nén co sy phan
chia khong chinh x4c giira hai loai xoai trong viing khuyét tat (4,6) d6 1a nhitng khu
vuc giao thoa 16n gitra cac loai.

The comparison between Kernel and model accuracy
10 A

0.9 1

[=]
[s+]

Accuracy
[=]
-~J

0.6 1
0.5 1 L
= training accuracy
test accuracy
0 4 B T T T T
linear poly hf sigmoid
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Hinh 4.32. So sanh gitra chtic nang nhan va dg chinh x4c cuia mo6 hinh SVM
Mo hinh thtr hai dugc st dung 1a mo6 hinh SVM, tuong ty nhu LDA, phan chia
x0ai cho hyperplane. Két qua huan luyén trong Hinh 4.32 cho két qua t6t v4i do chinh
xéac 97,3%. Vi d6 chinh x4c ctia mod hinh SVM phu thudc vao ham kernel, tinh nhat
quan ctia mo hinh phu thudc vao dang ctia ham kernel duoc hién thi trong Hinh 4.33.
Céc loai ham nhéan duoc xem xét cho nghién ciru ndy bao gém tuyén tinh, da
thitc, RBF va sigmoid. Hinh 4.33 cho thdy RBF 1a ham kernel hiéu qua nhat. RBF
sau d6 c6 thé dugc thém vao mé hinh SVM. Cac két qua du doan duogc hién thi trong
Hinh 4.34 chi ra rang cac két qua dy doan t6t hon rat nhiéu so v6i quy trinh LDA.
Ngoai viéc phan loai xoai tot & khu vuc khuyét tat (0,2), (2.4) va (6.12), két qua phén loai
trong khuyét tat (4.6) ciing cho két qua chinh xac hon LDA, cic khu vuc phan loai duoc
phan tach bang hyperplane duong cong 1am cho viéc phan loai linh hoat hon.
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Hinh 4.33. Phan loai mo6 hinh SVM

The comparison between number of neighbors and model accuracy

100 A - training accuracy
- test accuracy

0.98 1

0.96 1

0.94 1

0.92 -

Accuracy

0.90 A

0.88 1

0.86 1

0 5 10 15 20 25 30
n_neighbors

Hinh 4.34. So sanh giita s6 lang giéng va d¢ chinh x4c ctia md hinh KNN

Mic du viéc phan loai m6 hinh SVM rat dang tin cdy, nhung van c6 nhiing gia
dinh khong chinh xac gilta cac khu vuc giao nhau cua loai xoai. Mt thuat toan c6 thé
giai quyét van dé nay la KNN, mdt thudt toan hoat dong va dua ra dy doan dua trén
cac diém xung quanh. S6 luong diém xung quanh diém dy doan anh huong dén két
qua phan loai cua diém dy doan va su phu thude cua dd chinh xac cua mé hinh vao
sb lugng lan can duoc hién thi trong Hinh 4.35.

Do chinh x4c cua tp huin luyén giam khi sé lwong 14n can ting, trong khi do
chinh xac cua tap kiém tra ting khi sd luong 1an can ting. Hinh 4.35 cho thay & gia
tri 17 ctia xung quanh, d6 chinh xac ctia mé hinh tai cac bo huan luyén va kiém tra la
t6t nhat. Ap dung hé s6 1an can 17, mé hinh KNN dugc huin luyén béi dit liéu huin

luyén va cac khu vuc du bao duogc hién thi trong Hinh 4.35.
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Hinh 4.35. Phan loai m6 hinh KNN

Vén dé phan loai trong linh vire ¢ phd khuyét tat (4.6) c6 nhiéu cai tién hon
so voi mo hinh SVM, nhung khi xem xét phén loai trong khu vuc khiém khuyét con
lai, viéc phan loai KNN khong dang tin cdy hon mé hinh SVM. Ly do cho diéu nay
1a khi su khac biét giira hai hinh thirc tr& nén kha don gian, KNN c¢6 rat it loi thé so
v6éi SVM khi phan biét bang hyperplanes. Ca ba phuong phap LDA, SVM va KNN
déu co nhimg diém manh va diém yéu riéng trong viéc phan loai xoai tai Viét Nam.
Phuong phap mé hinh RF cubi ciing s& giai quyét hau hét cac thiéu sét cia ba mo hinh
duoc dé cap o trén. Pau tién, dé c6 mot md hinh t6t dé phan loai, ) lugng cay trong rung
duogc dua ra trong Hinh 4.36, can phai duogc kiém soat sao cho do chinh x4c ctia mé hinh
14 tot nhat.

Validation Curve With Random Forest
100 -

0.99 1
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0.95 1

0.94 - = Training score
- (Cross-validation score
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Number Of Trees

Hinh 4.36. Duong cong xac nhan RF
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Trong Hinh 4.36, s6 lugng ciy trong rimg anh huong rat 16n dén do chinh xac

ctia md hinh RF. Khi tang sb luong cdy, do chinh xac cia mo hinh RF trong khodng

97 dén 98,3% tir cay thir 14 tro di. Do d6, dé dam bao sy 6n dinh va téc do huan luyén

ctia s lugng cay duoc chon 27 cho tham s6 ctia md hinh RF. Qua trinh phéan loai cua

mo hinh RF dugc dua ra trong Hinh 4.37.

Volume (cm’)

Defect=(6,12] (cm?)

Bang 4.9. D chinh xac ciia cac md hinh

Weight (g)
Hinh 4.37. Phan loai mo6 hinh RF

defect = (0.2]

defect = (24)

Type Typel Type2 Type3 Precision Sensitivity F1score Accuracy
(%) (%) (%)
Random forest Typel — 348 2 0 99.4 98.6 99.0 98.1
Type2 305 7 96.2 97.8 97.0
Type3 5 361 98.6 97.6 98.1
Linear Typel 331 16 3 94.6 93.8 94.2 91.9
Discriminant ~ Type2 20 280 19 87.8 87.4 87.6
Analysis(LDA)  Type3 2 24 343 93.9 93.9 93.9
K_Nearest Typel 343 6 1 98.1 97.7 97.9
Neighbors Type2 7 304 8 95.3 96.2 95.8 97.3
(KNN) Type3 359 98.2 98.0 98.1
Support Typel 342 2 97.7 96.9 97.3
Vector Type2 8 302 9 94.6 93.4 94.0 95.8
Machine(SVM) - yne3 3 15 348 951 96.9 96.0

Trong md hinh nay, nhuoc diém cta cac mo hinh trude duge giai quyét trong

phan loai x0ai trong tat ca cac pham vi khuyét tat (0,12) duoc x4c dinh 13 rang va chinh
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xac boi hé théng phan loai theo lut. Viéc phéan loai xoai va phuong phap phén loai ciia
mo hinh RF c6 xu hudng giéng hét nhau khi dugc phan loai theo mot b luat 1a Iy do
cho do chinh x4c cao. Dya trén phan thir nghiém cta bén phuong phap mé hinh LDA,
SVM, KNN va RF, md hinh duge chon cubi cung sé€ su dung ddi véi phéan loai xoai la
RF. Van dé anh hudng dén do chinh xac trong quy trinh phén loai 14 ranh gidi giita cac
loai x0ai khong ¢ dinh va dan xen. M6 hinh RF d4 xtr Iy vn dé nay rat tot. C6 thé thy
16 d6 chinh xéc trong Hinh 4.37 trong d6 ranh gidi giita xoai rat phuc tap.

Sau khi so sanh va danh gia cac phwong phap va chon phuong phép t6t nhat
(Hinh 4.38), Bang 4.9 cho thay sy khac biét giira cac thuat toan nay trong danh gia

va phan loai xoai.
LDA SVM

Volume
Volume

Weight

KNN

Volume

200 300 400 500 600 700
Weight

Hinh 4.38. So sanh bén m6 hinh bao gém LDA, SVM, KNN va RF
Cac mo6 hinh hoat dong chinh xac hon 90%. M6 hinh hoat dong tot nhat 1a RF

v6i do chinh xéac 98,1%. Cac md hinh dugc st dung cho cac nghién ctru phan loai
x0ai trudc day khong hoat dong tt nhu mé hinh RF. Ning suat t6t nhat khi du doan

loai 1 v6i md hinh RF 14 99,4% va loai 3 14 98,6%, loai 2 ludn ¢6 nhiéu 13i trong qua
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trinh doan. Li tot nhat vai KNN 13 94,6%. Ly do cho 16i & loai 2 1a qua nhiéu nhidu
gitra loai 2 va 1, loai 2 va 3 trong dir liéu huin luyén. Mébi quan h¢ gitra cac loai 1, 3
va 2 khong thyc sy 10 rang trong viéc tach céc loai 2 khoi hai loai con lai. BJ chinh
xéc ctia cac md hinh giam dang ké do 15i trong du doan loai 2. Piéu nay cho thay loai
2 s& c6 nguy co xay ra 16i. Ty 18 ma dir liéu mé hinh loai 2 vao cac loai con lai gin
nhu giéng nhau trong cac mo6 hinh LDA, SVM, KNN. Tuy nhién, voi mé hinh RF, ty
1€ nay khac nhau dang ké khi tdc d6 doan dix liéu cua loai 2 dén loai 1 nhé hon so véi
loai 2 so voi loai 3.

4.8. Két qua phan loai xoai img dung cic mé hinh LDA, SVM, KNN va RF

Cac mo hinh phan loai dd dugc thuc hién voi viéc hd tro cac thuat toan may
hoc. Viéc trién khai xoai phan loai dya trén viéc ap dung cong nghé xir Iy anh dé xur ly
hinh anh chup xo0ai va sau d6 str dung bén phuong phap mé hinh LDA, SVM, KNN va
RF dé tu dong phan loai xoai (Hinh 4.38). C6 mot sb két luan:

Két qua dy doan cta cac md hinh giam sat vé may hoc dugc dé cap trong
nghién ctru nay c6 do chinh xac cao. Pac biét, mé hinh RF c¢6 hiéu suét du doan tdt
nhat dat 98,1% va dugc dé xuat dé dy doén loai xoai.

Trong sudt qua trinh phén loai, mot chudi cac phuong phap phan tich trong xir
ly anh dugc sir dung dé bién d6i hinh anh di chyp ciia xoai thanh dang hinh anh c6
thé dé dang trich xuat tinh ning tir xoai. Thi nghiém cho thay cac phuong phap nhu
vy thanh cong khi két qua du doan c6 mot 16i nho.

Giai phap may hoc ML duoc giam sat co thé duy tri d6 chinh xac du doan cao
cho céc loai x0ai khac nhau. Tuy nhién, nén 4p dung cho xoai twong tu nhu xodi mau.

Do loai xo0ai dugc phan loai dya trén cac quy tdc va mbi quan hé cua tinh nang
x0ai, do d6, cach tiép can phuong phap mé hinh RF c¢6 lgi thé hon cac phwong phap
khac khi phan loai dya trén cac quy tac duogc tao tir cac bién dau vao.

Trong nghién ctru nay, dé xuat phuong phap mo hinh RF dy doén xoai & Viét Nam
va ¢ két qua thanh cong v6i do chinh xac 98,1%. Ngoai ra dé xac dinh thanh phéan chat
lugng bén trong trai, & day xac dinh 1a d6 do Brix xoai va iing dung mang than kinh nhan

tao dé d4nh gi4 va xac dinh d6 Brix, dong thoi danh gia chét lugng bén trong tréi.
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4.9. Du do4an d9 Brix xoai sir dung cong nghé xir Iy anh két hop Al
4.9.1. Khai quat cic yéu to danh gia chit lrgng bén trong trai xoai

Ty trong trai va ty trong dung dich: Ty trong trai xoai dugc do bang dung cu
do ty trong trai. Xoai dugc do trong lugng ban dau. Sau do, cho vao khay chtra nudc
bén trong va ghi nhan trong lwong trai doc dugc trén dong hd gan & phia trén. T trong
trai dugc tinh theo cong thirc:

D = Trong lugng trai xoai/(Trong lugng trai xoai - trong lugng trai ghi nhan
trén dong hd khi dit trong nudc).

Ty trong dung dich duoc xac dinh bang cach dit ty trong ké vao dung dich can
do rdi doc gia tri trén vach cua ty trong ké & vi tri ngang v6i muc nudc.

Do cung thit trai: PO cliing cua trai dugc xac dinh béng dung cu do do ctiing
FRUIT PRESSURE TESTER-FT 327 (do Y san xuat), do & dau trai, giita trai va cudi
trai. Sau d6, tinh trung binh dé c6 tri s6 chung cua trai, don vi tinh: kgf/cm®.

PH thit trai: Trj s6 pH cua thit trai dugc do bﬁng cach léiy mau & 3 vi tri: dau trai,
gifta trai va cudi trai, sau d6 ép lay nudc va dem do ngay bang pH ké hiéu ORION (USA).

Do Brix trai (d6 duong, d0 ngot): Pugc su dung dé thé hién n6ng do (% trong
lugng) hodc mat d§ duong trong dung dich. Trai xoai dugc 1€iy dai dién o ba vi tri:
dau, giita va cubi trai; ép lay dich trai va do d6 Brix bang khiic xa ké hiéu ATAGO,
thang do tir 0 dén 32%.

Tinh bot: Ham lugng tinh bot dugc xac dinh theo phuong phap cua Coombs
va ctv. (1987). Mau sau khi duoc trich duong duoc siy kho & 60-70°C trong 30 phit.
Sau d6, dun cach thuy v6i 5 ml cat trong 15 phit, && cho mau ngudi. Thém 2ml acid
perchlohydric 9,2N, khudy déu trong 15 phit, thém nudc cat vao di 10ml. Ly tdm
v6i van toc 4.000 vong/phit trong 3 phut, 1y phan 1ong & trén (*). Can sau khi ly tAm
dugc cho thém vao 2ml acid perchlohydric 4,6 N, khudy déu trong 15 phut, pha loing
thanh 10ml v6i nudc cit rdi dem ly tAm nhu trén, 14y chat 1ong (**). Gop chung (*)
va (**) dé dinh luong dudng theo phuong phap phenol-sufuric acid.

Tinh bot (%) =ax 0,9

Trong d6: a: Luong dudng glucose sau khi thuy phan
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0,9: Hé s6 chuyén thanh tinh bot

Trong lugng chat kho: Ham luong chat kho cua thit trai duge xac dinh bang
phuong phép say kho. Phuong phap dugc tién hanh: dia petri dugc rira sach say kho
va can trong luong (W,). Sau d6, cho mau vao dia va cit thanh nhiéu miéng nho,
mong, rdi dem cén trong luong twoi (W;). Mau duoc siy ¢ nhiét d6 60°C trong 1 tun
va dugc 1am ngudi ¢ binh hut 4m trong 25 dén 30 phit, dem can (W,). Tiép tuc cho
vao ti sdy 30 phat, 1ay ra dé ngudi ¢ binh hiit am va can lai nhu trén cho dén khi trong
luong chat khong doi.

Trong lugng chat kho (%) = [(W, — W) x 100] / (W, — W)

Trong d6: W= trong lugng dia petri (g),

W, = trong luong tuoi cia mau (g),

W, = trong lugng chat kho ctia mau (g).

K#ét qua: Phan tich cac ddc tinh pham chat trai két hop véi danh gia cam quan
cho thay gira ty trong tri va pham chat trai xoai Cat Hoa Loc, xoai Cat Chu c6 tuong
quan rat chat; tri sb pH, d6 cung thit trai, d0 ngot, ham lugng tinh bot, trong luong
kho trén trai song tang dan theo ty trong trai; tri s6 do cung sau khi ting dén gia tri
tdi da da bat dau suy giam khi tréi co d4u hiéu chin cay. Nguoc lai, tri sb do cung va
ham lugng tinh bot giam manh trong tién trinh chin cia trai di d6i v6i sy thay doi
mau sic va mém hoa cua thit trai.

Dbi véi xoai Cat Hoa Loc va xoai Cat Chu song, khi dat dén mirc ty trong
1,02, ham luong chat kho, pH thit trai, 6 cung thit trai di dat téi da. Trai 16n hon murc
ty trong nay di bat dau chin cdy, tri s pH thit trai va do ctng thit trai d c6 dau hiéu
suy giam trén ca trai séng 1an trai chin. Panh gia cam quan trén trai chin cho thay trai
c6 ty trong 0,99 va trai c6 ty trong 16n hon 1,02 déu chua dat yéu cau nguoi tiéu dung.
Nhu vay, st dung ky thudt ty trong dé phan loai d¢ gia trai xoai Cat Hoa Lc, xoai
Cat Chu sau thu hoach giup cho pham chat trai dugc déng nhat thich hop cho viéc
phan loai trai v&i quy mo cong nghiép.

Do nhu ciu thudng thic, sir dung cua ngudi dung va do cac khau trong qua

trinh san xuat, qua trinh phan loai xo0ai, thi truong ti€u thy, khu vyc san xuat... nén
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hién tai nha san xuét, nguoi dung chi nhan biét chat lugng trai xoai qua bé ngoai, con
bén trong trai chi nhan biét qua cam tinh (Hinh 4.39). Mit khéc, do c¢6 nhiéu yéu t6
danh gia chat luong bén trong trai xoai nén viéc sir dung cac phuong phap dé danh
gia chat luong trai kha phirc tap, cting vi mdi yéu té danh gia dung cac phwong phap
xéac dinh khac nhau nén viéc cung lac st dung phuong phap dé xac dinh chéat luong

chung cua trai s€¢ gap kho khan.

Hinh 4.39. Vét tham bam lién quan dén cht luong xoai

Duya vao mdi tuong quan, trong déng hay anh hudéng qua lai giita cac yéu to
danh gia chét luong bén trong trai. Néu trai dat ngudng nio thi cac yéu td s& co cac
gia trj tuong tmg. Xét mirc do anh hudng va quan trong nhat dé danh gia chét luong
bén trong trai thi qua cac nghién ctru, danh gia cia cac chuyeén gia, cac nha khoa hoc
thi 6 Brix trai 13 yéu t6 danh gia chat luong trai quan trong va anh huéng nhét [7].
Vi thé, trong dé tai nay, chon do Brix dé ung dung Al xac dinh chét lugng bén trong
trai xoai.

V6i mot khai niém don gian, c6 thé hiéu d6 Brix 12 d6 ngot trong cay trong va
rau, cu, qua. Ma duong la dung dich chu yéu trong cac dung dich tir thuc vat nén vi¢c
giam sat va kiém tra chinh xac d6 Brix 14 yéu t6 rat quan trong. Viéc nghién ctru vé
do Brix s& dem dén céc tac dung, cac danh gia:

Tinh chi s6 duong (ty 16% d6 Brix / axit), mot chi sO chét luong sau thu hoach nong séan.

Panh gia cc thong sb thanh phan hoa hoc quan trong nhu chét rdn hoa tan
trong cac san pham thyc pham c6 tiéu chuan nhan dang.

Panh gia vi ngot. Trong ché bién hoa qua, gi tri d6 Brix cang cao thi cang c6

nhi€u trai cay hodc nudc hoa qua.
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4.9.2. Xac dinh cac yéu t6 phu thudc do Brix xoai

Khao sat cin than do kich thudc, khbi lwong va thé tich ciia 4983 mau xo0ai va
tinh toan sai s6 ngau nhién cua timg trai xoai. Cac biéu dé Hinh 4.20 c6 hinh dang rat
giong v&i phan phdi cac tap dir lidu tip trung vao mot pham vi cac gia tri va it hon
trén cac pham vi con lai. Bang 16i tir Bang 4.2 ctia cac bién chiéu cao (%e), chiéu rong
(wi), khéi luong (we), mat do (de) va thé tich (V), xuat phat tir bang phan phdi duoc
hién thi trong Bdng 4.2.

Li do nho hon sai s6 cho phép, vi vy dit liéu nay 13 déng tin ciy. Do d9, dit
liéu nay s& duoc coi 1a kich thudc dit liéu thir nghiém cua xoai. Véan dé tiép theo 13
xu ly hinh anh cta nhitng trai xoai nay vai kich thudc that cia chung va danh gia do
chinh x4c ctia chung. T4t ca xoai dugc phén loai theo tiéu chuan chuyén gia duoc ap
dung boi tit ca néng dan. Tir bang phan phdi & trén, bién dau vao anh hudng t6i do
Brix dugc xac dinh 13 kich thudc, khdi luong va thé tich cua xoai, va bién dau ra s&
1a 6 Brix trén thang do tiéu chuan ctia xoai twong ung (Bdng 4.10).

Bang 4.10. Bang thong s6 phuong trinh phuy thudc do Brix xoai

Hé s6 chwa chuin HE 50
Bién . X n hoa Chl}an
phu Bién khoPg phu __ hoa ¢ Sig,
thu (;) c thudc Sai s0
: B 1gch Beta
chuan
. (constant) -150.593 3.483 -1.238 | .000
D? Khdi luong (kg) 4.865 0.259 0.187 | 4.659 .001
](3];151 Chi‘éu cao (mm) 7.495 0.328 0.294 | 7.382 .001
ng(,).t) ChiéU; rong (mm) 5.573 0.589 0.342 | 3.583 .002
Thé tich (lit) 5.683 0.244 0.201 3.221 | .0017

Dua vao Bdng 4.10 thi phuong trinh phu thudc giita cac bién dau vao va do
Brix cua xoai trong (4.53).
Brix;epe; = 4.865 * khoi_luong + 5.573 * chieu_rong + 7.495 * chieu_cao +
5.683 * the_tich — 150.593 (4.53)
4.9.3. Giai thuit va chwong trinh diéu khién vé AI x4c dinh d9 Brix xoai

Mang ludi than kinh 12 mot thuat toan c6 gang bat chudc tir b ndo von 1a mot

trang thai nghé thuat ctua ky thuéat than kinh nhén tao cho nhiéu ung dung thuc té phé)

146



bién. Sau khi nghién ciru va kiém tra khoang 38 trai xoai c6 mau thir ngau nhién khong
nam trong tap huén luyén (dir li€u thtr nghi¢m dya vao gia tri xtr ly s6 liéu thuc nghiém
thi dugc coi 1a dat [8]), ghi lai va tom tt tAt ca cic gia tri can thiét c6 thé anh hudng dang
ké dén @6 Brix cua trai xoai. PO Brix 13 phan tram chit rn c6 trong nudc ép cia trai.
Nhing chat rin nay hau hét dugc tao thanh tir duong va khoang chat.
4.9.3.1. Xac dinh cu tric ciia md hinh FFNN @é xac dinh d9 Brix ciia xoai

Thuat toan FFNN 1 mét hé thdng tinh toan 1iy cam himg tir mang no-ron sinh
hoc str dung mang ludi cac chirc nang dé hiéu va chuyén d6i mot loat dir liéu dau vao
thanh d4u ra mong mudn. FFNN giam thiéu 16i cho cac dau vao phi tuyén va co thé thu
dugc mdi quan hé giira dau vao va du ra ma khong can cac phuong trinh toan hoc phiic
tap. M6 hinh cta nghién ctru ndy c6 ba thanh phan chinh: mot 16p dau vao, mét sb 16p
4n va mot 16p dau ra. Kién trac ciia mo hinh FFNN dugc thé hién trong Hinh 4.40.

— FEEDFORWARD NEURAL NETWORK —
Input Layer Hidden Layer Output Layer

Hinh 4.40. Kién tric md hinh FFNN
Trong 16p dau vao va dau ra, sé luong nat twong g véi sd lugng bién dau
vao va dau ra. Trong truong hop ndy, c6 mudi bon nut trong 16p dau vao, biéu thi cac
tinh nang bao gém chiéu dai, chiéu rong, khuyét tat, trong lugng, mat dg, Ry, R,, Rj,
Gy, G», G3, By, By, B;. Bén canh d6, c6 mot té bao than kinh trong 16p dau ra, biéu thi

du doan do Brix cua xoai. Tuy nhién, so véi cac 16p dau vao va dau ra, thiét 1ap cua
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I4
A

16p an tré nén phire tap hon. Céc 16p an nhan va xir Iy thong tin dén tir 16p dau vao. Sb
16p an va sb nat trén mdi 16p khac nhau giita cac 16p, cac 16p nay cé cac két ndi khac
nhau. Ldp an c6 hai siéu tham s6 chinh kiém soat kién triic ciia mang: s6 16p (N,) va
sd nit trong mdi 16p 4n (N,) khiac nhau & mdi 16p. Tuy nhién, rat kho dé xay
dung N; va N, vi ching phu thudc vao céc tinh nang cua tap dir li¢u cu thé. Do do,
nghién ctru ndy dé xuat mot hé thong tham sé diéu chinh dé xac dinh kién trac cua

FFNN duoc chi ra trong Hinh 4.41.

PIEU CHINH THAM SO

Chon N, va N,
vy

== Tham s6 ban dau =

1
: 1 P Danh gia m6 hinh
I : '
1 N1 Nn ED !
i 1
" |
1| b w f :
1
L e | Cac tuy chon
N, va N con
Nap dir liéu khong?
Y
Truyén nguoc lai
v
Panh gi4 13i |
v Tham sé va mé hinh
N tot nhat
Piéu chinh Wvab |
Pung
E, = Ditgia tri?

Hinh 4.41. Giai thuét diéu chinh tham s

Pau tién, cic tham sb bao gém N,, Ny, trong $6 (W), @0 léch (b), sb ky nguyén
(Ep) va cac ham kich hoat (f) dugc khéi tao dé chuan bi cho m6 hinh huin luyén. Cac
mau dau vao chuyén dén dau ra & mdi thoi diém thong qua thuat todn chuyén tiép
ngudn cip dir liéu. Sau d6, cac sai sb gitta dau ra nap tiép va dau ra thuc dugc xéac
dinh va luu trit cho tit ca cac mau muc tiéu dau vao dé diéu chinh trong ) (W) vado
léch (b) bang cach st dung thuat toan lan truyén nguoc Levenberg-Marquardt. Qua
trinh diéu chinh nay chay cho dén khi két thuc sé ky nguyén duoc chi dinh
(Set_value). Khi thay doi hai tham sd (N, va N,), cac kién trac 16p an khac nhau duoc
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tao ra, dugc danh gia lan luot trong budc danh gid moé hinh dé xac dinh kién trac mo
hinh hoat dong tot nhat. Trong budc mo hinh danh gia, hiéu suat tdi vu hoa cia FENN
duoc dinh luong bang cach sir dung sai s binh phuong trung binh (MSE) cuia tat ca
cac 161 mau muc tiéu dau vao.

Goi W, b,pvay lan luot 1a ma tran trong sb, vecto thién vi, vecto dau vao va
vecto dau ra cia mdi 16p. Pau ra cta nit thi j duoc tinh trong (4.54).

yi=fWix" +bh) (4.54)

Hiéu suit cua qué trinh huin luyén duoc xac dinh bé“mg cach tim ra su khac

biét gitta dau ra FENN va dau ra chinh xac. Ham ton that (Ls) duoc tinh toan trong

(4.55) dya trén sai s6 binh phuong trung binh (MSE).

S

1 —
Ls = % -yt (4.55)
i=1

Sau do, thuat toan Gradient descent dugc ap dung dé cap nhat trong sb va do
1€ch, giup giam thiéu ham mat mat. Trong s6 va do chéch duoc cap nhat dugc tinh
theo (4.56 - 4.57), twong tmg véi ty 1& hoc tap. Trong mdi lan lap, toc do hoc diéu
khién toc do di chuyén dén diém cuc tiéu. Thong qua cac lan lap lai, dbc xuéng hoi

tu tai cuc tiéu, cung cép trong s6 va dd léch tot nhat.

W' —a ;/ LsOVY)

J y a IJL l (456)
b =bt - - Ls(bh) @57
ob!

Do Brix du doan cta 16p dau ra duoc xéac dinh trong (4.58).
B = Zi (W ik x ")+ b (4.58)
4.9.3.2. Phwong phap tu hoc trong bai toan xac dinh d¢ Brix ctia xoai
Dit liéu d6i chiéu va ghi nhan 16n 1a nhitng cong viéc té nhat va ton kém, doi
hoi nhiéu thoi gian, kién thirc chuyén mon va ngudn luc tai chinh dé dap tng cac yéu
cau ciia md hinh FENN. Do do, phén nay ap dung hé théng tu hoc cho m6 hinh FFNN
dé dy doan do Brix ctia xoai dugc trinh bay trong Hinh 4.41. Thoi gian truong thanh

cua xoai dugc xac dinh dya trén mot tap dit liéu nho dugc ghi lai thu cong. Tu Hinh
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4.41, hé thong dé xuat dugc chia thanh hai giai doan sau. Trong giai doan 1, mé hinh
FENN lan dau tién duoc hun luyén voi X° va Y theo cach c6 giam sat dé dy doan
tap dir liéu muc tiéu chua biét X" Trong giai doan 2, tip muc tiéu Y' trong giai doan

1 duoc su dung dé cap nhat dir liéu.

@ Xic dinh kién tric cia FFNN

1

1

1 |
] 2 I
: C h Du doan I

a at ! : =

e l':g: 5| Dirligu |»| Mb hinh Dy d°;'1‘ mhim | 4
1 Xlpay! X%vay® FFNN g 1
| Dir li¢u khéng dan nhan (X*) T 1
1 1
T i i AR t ________ i R SRR
: - Dénh gid !
| —l Thiét 1ip ngudng |'— - :
1 Sai Hiéu suat cua |
1 FFNN c6 dat yéu |
1 cau khong? 1
| 1
1 . Danh gia "
1 Bung - Dit ngudng 1
1 Loi < 1
: g Nguédng giam dén Epyibe dilitn :
gu X'vay? i

1
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Hinh 4.42. Ciu tric ctia phuong phép tur hoc trong bai toan xac dinh d6 Brix xoai

Giai doan 1 — Huén luyén mé hinh FFNN

Trong giai doan 1, sau khi xac dinh kién triic cia FFNN, mé hinh duoc huan
luyén voi cac dac diém cta xoai (XO = {xo a1 X /) thuoc khong gian dir ligu
14 chiéu, R14 va muyc tiéu (Y° = {y", y*2, y*..., y"™), trong d6 m 1 s6 miu. M6
hinh FFNN duoc su dung dé du doan tap dir liéu hoan chinh chua biét X1, tap dir licu
muc tiéu la Y1.

Giai doan 2 — Panh gi4 18i va cip nhit dir ligu

Muc tiéu (y') cia mau (x'") cia X' duge so sanh v6i muc tiéu (y”) ciia mau
(x") ciia X’ bang cach sir dung sai sb phan tram tuyét déi trung binh (MAPE) dugc
biéu dién trong (4.59), trong d6 x” 1a diém gin nhat cua x'' trong khong gian dit
liu. Néu 16i wdc lugng thoa man véi ngudng, tap dit liéu mau (X', Y') duoc sir dung
dé cap nhat dir liéu hudn luyén. Sau d6, hé thong quay tré lai giai doan 1 dé khoi chay

mot vong 1ap hoc tap méi cho dén khi khong thé st dung cac mau phu hop hon dé
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nang cap hé théng. Diéu kién trong (4.60) duoc kiém tra dé xem lidu X' va Y' ¢6 thé
dugc str dung dé cap nhat dir liéu hay khong.

Yr-Y
Y

Y!

(4.59)

If (¢, <T,)
Then (X° <~ X°U{x/}) and (Y° <Y U{y'}) (4.60)

Tuy nhién, hiéu suat ctia mo hinh FFNN phu thudc vao tinh tong quat cta dit liéu
géc. Do do, mo hinh hi¢n tai dugc danh gia 1a dadm bao d6 chinh xac cua mé hinh FFNN
sau khi cap nhat dir liéu van cao hon so v6i mé hinh cii dua trén céac chi tiéu du doan khi
du doén tap dir li¢u ban dau. Néu hiéu suit cia mé hinh giam, cic mau cap nhat sé bi
loai bo. Sau d0, gia tri ngudng dugc giam xudng dé cap nhat thém dir liéu moi.
4.9.3.3. Mang lwéi than kinh téi vu dé du doan dd Brix xoai

Sau khi diéu chinh tap huan luyén va dénh gia xac thuc tip hop va tim mo hinh
t6i uu, mot mang than kinh c6 1 16p an voi n nat duoc chon vi tdi wu hoa toc d6 va
ha thap gi tri cia ham gia tri.

Piéu quan trong 13 st dung phan tich thanh phan nguyén tic (PCA) dé giam
kich thudc ctia dau vao tir 4 chiéu xudng 1 chiéu dé co6 thé dé dang vé& so dd dir lidu

truc quan hoa. Tinh nang méi nay duoc goi la X PCA (Hinh 4.43).

24— v v T

146 “ - - ’ -
034 03 032 D34 036

Hinh 4.43. D6 Brix phu thudc vao X_PCA (khéi luong, chiéu dai, chiéu rong va thé tich trii)
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Tur (4.53 - 4.60) xay dyng mot mang ludi than kinh du doan d6 Brix cua xoai:
chon sé lwong don vi dau vao trong mang ndy phai 1a 4, vi day 1a 4 dic tinh anh
hudng, can thiét nhat dé du doan duogc d6 Brix cla xo0ai.

Pau ra sé& 1a d Brix (mot s6 nguyén) c6 nghia 1a van dé vé phuong trinh hoi
quy nén s6 don vi dau ra 1a mot. Ngoai ra, cdc ham ReLU duoc ap dung cho céac 16p
an va 16p cudi cung 1a tuyén tinh vi ddy 1a phuong trinh hoi quy.

S6 16p an ciing 1a van dé quan trong trong mang ludi than kinh. Thay d6i s6
luong cac 16p an va sé lugng don vi trong cac 10p an dé tim gia tri toi wu nhat cia
ham gia tri va diéu d6 co cung s6 lugng don vi trong mdi 16p an. Céc trong sb dugc
yéu cau s& bat ddu ngau nhién thay vi cac sé khong hoic vecto nhu trong hdi quy
tuyén tinh hodc khai tao hdi quy logistic. S6 khong hodc khéi tao vecto co thé giy ra
gi4 tri bat ngd bang nhau cua tat ca cac don vi trong cac 16p an. Mot khoi tao ngiu
nhién ctia ma tran 10x6 dang sir dung gid tri epsilon. theta_init 1 ma tran ngiu nhién
10x6 trong (4.61).

0=0*xQ2=*¢g)—c¢ (4.61)

V6i0 e[ —¢, e].

Budc tiép theo 1a thuc hién cac 1énh vé phia trudc hy(x®) dé c6 duoc véi bat
ky tham s6 nao x@. Sau d6 thuc hién ham gia tri dé xem gia tri 101 (Hinh 4.44).

Mean Square Error

175 A - Train
\ Test

15.0 1

12.5 A

10.0 4

7.5 1

Mean Square Error

5.0 1

25 1

0 100 200 300 400 500
Hinh 4.44. Biéu d6 ham gia tri cho mdi 1an lap lai
Sau d0, thuc hién 1énh lan truyén nguoc dé tinh toan cac dao ham riéng (4.62)
va sir dung phuong phap duoc goi 13 kiém tra d6 doc dé xac nhan rang 1énh vé phia
sau dang chay tot (Hinh 4.45).
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Hinh 4.45. Biéu d0 gia tri ham gia tri thuc cho mdi lan lap lai
Véi cac thong sd dau vao trai xoai: Bién khéi luong (K), bién chiéu rong (R),
bién chiéu cao (C), va bién thé tich (T).

Hinh 4.46. Mot mang lu6i than kinh t6i uu dé du doan d6 Brix xoai
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Cudi cung, stt dung phuong trinh t6i wu héa va ty 1& phan rd Adam dé giam
thiéu ham gia tri v&i cac trong s6 trong theta. Sau khi diéu chinh tap huén luyén va
danh gia xac thuc tap hop va tim mo hinh ti uu, mot mang co 1 16p an voi n nat duoc
chon vi t6i wu héa tdc dd va ha thap gia tri cia ham gia tri. Mang ludi than kinh t5i uu
c6 thé du doan d6 Brix ctia mdi trai xoai dua trén khéi lwong, chiéu dai, chiéu rong va thé
tich (Hinh 4.46) véi d0 chinh xéc 98% trén bd thir nghiém (Bang 4.11).

Bang 4.11. Két qua do do Brix xoai ung dung mang than kinh nhén tao

STT Khoi Ch§§u C|_1iéu Thé % Brix % Brix

lugng dai rong tich do dir doin
0 ©.473 14477 88.70 .58 17.8 14.431794
1 ©841 11758 77.38 0.8 28.0 19.578823
2 C.434 13791 83.71 O.60 14.2 14.4249011
3 o©0seas 12130 80.12 ©.40 212 19284744
a o277 1Ms827 74.00 .32 18.€ 18.597378
5 0.331 12994 82 88 .80 18.8 17.388435
e 287 126 .02 71,62 .32 18.7 18.687847
T c.428 130.80 85.70 0.60 18.4 186.3178674
8 ©408 133,33 83.19 0.48 16.9 16.8688429
9 C.329 118,84 J7.28 0.98 7.6 19.59580
10 o299 128.00 7124 o.82 16.8 18.887847
11 0842 11702 79.81 .38 20.8 19.400678
12 o.84a8 12822 78.83 .38 16.7 18.00814z2
34 0326 12092 7436 0.36 189 19.156420
ss 0352 12380 77.30 0.38 202 19273220
as .281 12065 69.63 Q.32 18.5 18.841263
a7z 0274 412067 7062 0.32 166 18.883127

4.10. Két qua tng dung AI dy doan dd Brix xoai

Nghién ctru tng dung thanh cong cac phuong phap moé hinh dy doan d6 chinh
xéac x0ai va lya chon phuong phap moé hinh RF ¢6 két qua dy doan xoai chinh xéc 1én
dén 98,1%. Két hop véi sir dung mang than kinh nhéan tao du doan va danh gia do
Brix clia xodi dat 98% do chinh xac. Tir d6, mot hé thong phan loai xoai hidu suat
cao sir dung cong nghé xtr 1y anh két hop AI duoc hoan thanh va thuc nghiém hiéu
qua (Hinh 4.47).
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Hinh 4.47. Hé thong phan loai xoai sir dung cong nghé xtt Iy anh két hop Al
4.11. Két luan

Hé théng nhén di¢n va xur Iy anh do nguén dit liéu dau vao cua cac khuyét tat
chwra nhiéu nén ban dau hé thong xir Iy cac tin hiéu vé cac khuyét tat van con nhiéu sai
s0 nhung khi dé xuét va tién hanh st dung May hoc cho hé thong c6 thé tu thu thap va
cap nhat cac khuyét tat trén xoai nén do chinh xac duoc cai thi¢n rd. Pua gidi thuat May
hoc vao hé théng phan loai dé hé théng c6 thé khic phuc dugc cic 16i nhan sai vi tri khay
x0ai va cac khuyét tat ctia xoai bang cach tu thu nhap va xur Iy cac dir liéu qua nhiéu
mau. Cai tién toan hé théng, chon chinh xac thong sb cho cic bo phan can ding cho cac
mach diéu khién, chon chinh x4c thong s6 cac bd phan cAu thanh hé théng phan loai.

Heé thdng phan loai xoai trong dé tai nay c6 thé img dung trong khau phan loai
nguyén liéu dau vao & cac loai nong san khac khi diéu chinh lai cdu hinh hé théng va giai
thuat phan loai nong san d6. May c6 thé hoc va diéu chinh cac yéu cau phan loai voi cac
loai x0ai khac nhau hodc cac loai trai cay khac. Cac nghién ctru cong bd cua dé tai ny
vé img dung Al trong phan loai xoai cho thay tinh kha thi ctia hé thong trong viéc thay
thé con ngudi trong phan loai xoai cling nhu cic loai néng san khac.

Céac nghién ctru trude ddy chi ra cai nhin khach quan vé d6 chinh xac cua

phuong phap ngudng. V&i nghién ctru ndy, phuong phap ngudng duoc str dung dé

155



chuyén doi 4nh mau sang anh nhi phén, sau d6 anh dugc xir 1y thong qua mot chudi
hinh thai xu 1y anh. Xt ly hinh anh dugc thyc hién trén timg khung hinh. Céac khung
duoc loc dé loc nhidu, phat hién canh va theo doi ranh gidi ma tr 46 co thé trich xuat
cac ddc diém cta xoai. Ciu tric ciia phan cing cling nhu budng xir Iy anh dugc nghién
ctru dua trén hiéu suit, nang suét yéu cau cua hé théng, do d6 dong xoai di chuyén
phai xtr 1y lién tyc trong sudt qua trinh xoai duoc phéan loai. Vi vy, viéc chiét xuat
céc dic diém cua xoai s& duoc thuc hién theo quy trinh.

Viéc trién khai phan loai xoai dya trén viéc ap dung cong nghé xur 1y anh dé xur
Iy hinh anh chup xoai va sau d6 str dung bon phuong phap mé hinh LDA, SVM, KNN
va RF dé tu dong phan loai xoai. Két qua du doan ctia mé hinh giam sat vé may hoc
RF duoc dé cap trong nghién ctru ndy c¢6 d6 chinh xac cao 98,1%.

Sau khi diéu chinh tip huan luyén va danh gia xac thuc tap hop va tim mo hinh
tbi wu, mot mang ludi co 1 1op an véi n nat duge chon vi tdi wu héa tde dd va ha théip gia
tri ctia ham gi4 tri. Mang lu6i than kinh t6i uu c6 thé du doan d6 Brix ctia mdi trai xoai

dua trén khoi lugng, chi€u dai, chiéu rong va thé tich véi do chinh xéac cao 98%.

< Két qua hé thong phdn logi xodi sit dung cong nghé xir 1y dnh va Al da dwoc

ddng 2 bai bdo quoc té c6 chi s6, trong dé 1 bai Scopus, O3 (Phu luc 4, 5).
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CHUONG V: KET LUAN

5.1. Théo lugn

Luan 4n da trinh bay qua trinh nghién ciru, phat trién va trién khai thyc nghiém
hé thong phéan loai xoai tiéu biéu tai tinh Pong Thap. Nghién ciru sinh ciing di tién
hanh phan tich ddnh gia cic yéu t6 anh huong dén dic tinh ctia hé thong phan loai
x0ai nham 1am rd hon cac van dé ky thuat va dé xuat cac giai phap khic phuc. Trén
co s& két qua thyc nghiém, nghién ctru sinh 4p dung cac phwong phép xir 1y cac sd
liéu thuc nghiém pho bién dé c6 goc nhin toan dién nhat vé két qua dat duoc; dong
thoi dé xuat mot s6 giai phap cai tién cac hé thong lién quan dé nang cao hiéu qua st
dung hé théng nay (hé thong phén loai theo khéi lwong xoai trong chuong II). Nhin
chung cac giai phap k¥ thuat gop phan hoan thién hé thong phan loai da cho thay tinh
hiéu qua ctia giai phap va két qua phan loai dat hiéu suat va nang suit cho phép.

Phuong phap va s liéu xtr 1y thyc nghiém tim thiy trong luan 4n gép phan
dap ung duoc cac yéu cau co ban cua hé thong phéan loai xoai theo khdi luong, thé
tich va cac khuyét tat. Tuy nhién, d6 chinh xac trong phan xir Iy dnh phat hién ra
khuyét tat sir dung phuong phap méay hoc (Machine Learning) chua cao do sy gi6i
han ctia thoi gian va sd luong mau danh gia.

Str dung camera RGB c¢6 d6 phan giai cao gitp cho viéc xtr 1y céc tin hiéu vé
anh s duoc cai thién hon (chuong III), ddng thoi cho may hoat dong voi nhiéu loai
x0ai khac nhau dé may co thé hoc duoc cac khuyét tat trén ting loai xoai khac nhau
nang cao dugc d) chinh xac ctia qué trinh phan loai (chuong 1V).

Hé thong nhan dién va xt 1y anh do ngudn dit liéu dau vao cua cac khuyét tat
chwra nhiéu nén ban dau hé thong xr Iy cac tin hiéu vé cac khuyét tat van con nhiéu sai
s6 nhung dé xuat va tién hanh str dung May hoc cho hé thong co thé tr thu thap va cap
nhat cac khuyét tat trén xo0ai nén dJ chinh xac duogc cai thién rd. Pua giai thuat May hoc
vao hé théng phéan loai dé hé théng c6 thé khic phuc dugc cac 16i nhan sai vi tri khay

x0ai va cac khuyét tat cia xoai bang cach ty thu nhap va xu ly céc dir li€u qua nhi¢u
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mau. Cai tién toan hé théng, chon chinh xac thong sb cho cac bd phan can dung cho cac
mach diéu khién, chon chinh x4c thong s6 cic bo phan cau thanh hé théng phan loai.

Hé théng phan loai xoai trong dé tai nay c6 thé img dung trong khau phan loai
nguyén liéu dau vao & cac loai nong san khac khi diéu chinh lai cdu hinh hé théng va giai
thuat phan loai ndng san d6. May c6 thé hoc va diéu chinh cac yéu cau phan loai voi cac
loai x0ai khac nhau hodc cac loai trai cay khac. Cac nghién ctru cong bd cua dé tai nay
vé img dung Al trong phan loai xoai cho thay tinh kha thi ctia hé thong trong viéc thay
thé con ngudi trong phén loai xoai cling nhu cac loai ndng san khéc.

Céac nghién ctru trude ddy chi ra cai nhin khach quan vé d6 chinh xac cua
phuong phap ngudng. V&i nghién ctru ndy, phuong phap ngudng duoc st dung dé
chuyén doi 4nh mau sang anh nhi phén, sau d6 anh dugc xir 1y thong qua mot chudi
hinh thai xr Iy anh. Xt Iy hinh anh dugc thyc hi¢n trén ting khung hinh. Cac khung
duoc loc dé loc nhidu, phat hién canh va theo doi ranh gidi ma tr 46 co thé trich xuat
cac ddc diém cia xoai. Ciu tric ciia phan cing cling nhu budng xir Iy anh dugc nghién
ctru dua trén hiéu suit, nang suét yéu cau cua hé théng, do d6 dong xoai di chuyén
phai xtr 1y lién tuc trong subt qué trinh xoai dugc phan loai. Vi vay, viéc chiét xuit
céc dic diém cua xoai s& duoc thuc hién theo quy trinh.

Trong nghién ctru da thuc hién qua trinh ddnh gid cling nhu so sanh gié tri cua
X0di trén can thyc té va gia tri lay ra tir bo diéu khién ciia Loadcell. Trong qua trinh xir
1y, tin hiéu lu6n bi nhidu khién két qua do ciia Loadcell khong chinh xac. Vi vay tt ca
cac tin hiéu tir Loadcell déu duoc dua qua bd loc nhiéu Kalman, noi ma céc gia tri bién
thién qua 1on s€ bi loai bo. Sau khi thu dugc tin hi¢u khéi luong tir Loadcell, cac tin hi€u
nay s& duoc giai ma va ude lugng dé dua ra két qua trong luong thyuc cta xoai. Két qua
khéi luong nay bi anh hudéng boi vi tri ciia xoai trén khay. Do d6, vi tri clia xoai trén
khay s& duoc kiém tra bang camera. Céc gia tri trong luong udc tinh s& dong bo véi chiéu
cao, chiéu rong, khuyét tat dua ra két qua ctia qua trinh tao thanh mot vong khép kin.

Két qua nhan duoc tir can Loadcell 12 gia tri khbi luong va két qua ctia bo phan
xur ly anh 1a kich thudc dai va rong cua trai xoai ¢ dang Pixel va dugc ndi suy ra kich

thudc theo mm. Cac kich thudc dai va rong cta xodi duge chuyén doi thanh don vi
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mm tily vao tiéu cu va khoang cach cia mat phang giita trai xoai tGi camera. Ngoai
ra ciing tng dung Al vao xir Iy anh dé suy doan thé tich trai xoai dua vao hai kich
thude thu duoc tir hé thong thi gidc may tinh. Két qua cta qua trinh xt 1y cho thdy do
sai s6 binh phuong tich lity 1a rit nho so voi thuc té, gia tri trung binh sai s binh
phuong tich liy 1a 2% (Bdng 3.3).

Pé x4c dinh ty trong trai (3.9), bo phan xur 1y tiép tuc nhan cac gia tri khdi
luong va thé tich cua trai xoai dugc suy don, tinh toan gia tri ty trong ctia trai va so
sanh v&i gia tri ty trong chuan. Bo xtr Iy s& truyén tin hiéu dén dong co dé phan loai
trai xoai. Nhu vay, vi¢c danh gia muc d chinh xac ctia bd phan kiém tra chat luong
trai xoai dua vao khoang gia tri ty trong chuan da duogc thyc hién. Nhu vay, co thé
nhan thdy phuong phap danh gia chit luong trai xoai dya vao so sanh ty trong dat do
chinh xéc rét cao.

Thuec hién do chiéu rong, chiéu dai, chiéu cao, khdi lugng va thé tich cua tung
mau xo0ai thuc té dé so sanh, dbi chiéu, tinh dugc cac sai s6 gitra do thuc té va do trén
hé théng may. Vé xir Iy anh di xac dinh dugc sb tht ty ciia xoai va gan kich thudc
cho timg trai xoai, xac dinh duoc cac vi tri khuyét tat ciia xoai theo nhiing yéu cau
dit ra trude do, tuy nhién van con nhitng sai s6 nho trong pham vi cho phép.

Thong sb sai s6 gitta may (hé théng) va thuc té ngay cang duogc cai thién, khi
ldy mau thir luc khao nghiém thi cac cai tién nhin chung c6 sai s6 déu dudi muc 2%
vé khéi luong clia xoai do may chu diéu khién, sy sai sé nhé nay khong gay anh
hudng dén phan loai xoai.

Viéc trién khai phan loai xoai dya trén viéc ap dung cong nghé xur 1y anh dé xur
Iy hinh anh chup xo0ai va sau d6 str dung bén phuong phap mé hinh LDA, SVM, KNN,
RF dé ty dong phan loai xoai. Két qua du doan ctia mo hinh gidm sat vé may hoc RF
dugc dé cap trong nghién ctru nay c6 do chinh xéac cao 98,1% (Bdng 4.9).

Sau khi diéu chinh tap huan luyén va dénh gia xac thuc tip hop va tim mo hinh
tdi wu, mot mang ludicod 1 16p an v6i n nat duogc chon vi tdi wu hoa tdc dd va ha thép

gia tri ctia ham gia tri. Mang lu6i than kinh t6i wu c6 thé du doan d6 Brix cuia moi trai
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xo0di dua trén khéi lugng, chidu dai, chidu rong va thé tich voi do chinh xac cao 98%
(Bdang 4.11, Hinh 4.46).
5.2. Két ludn
5.2.1. Két qua nghién ciru mé hinh thi nghiém hé thong phén loai xoai theo khdi hrong

H¢ théng phan loai xoai ty dong theo khdi lugng da hoan thanh mo hinh di
vao hoat dong (Hinh 2.11).

Heé thng phan loai xoai dd va s& dugc két hop véi cong nghé xur 1y anh va tmg
dung Al d tao thanh hé thong phan loai xoai theo muc tiéu dé tai.
5.2.2. Két qua phan loai xoai theo khoi lwong, thé tich va khuyét tat sit dung
cong nghé xir ly anh

Hé théng phan loai xoai tyr dong theo khéi luong, thé tich va khuyét tat sir dung cong
nghé xir 1y anh da hoan thanh. Tir hé théng nay da thiét 1ap phuong phu thudc (3.5) va
tim ra phuong phap thong ké (theo thé tich) dé xac dinh thé tich xoai cho két qua sai
s0 1a thap nhat nén nghién ctru da str dung phuong phap nay cho hé thong phan loai.

Tir hé théng phén loai d4 xay dung thuat toan diéu khién va bang phuong phap noi
suy dé tim ra phuong trinh tuyén tinh bac 1 (3.8). Tir phuong trinh vira tim duoc xdy dung
theo khdi trong PLC dé tién hanh tinh toan ra khdi lugng chinh xac, két qua tim ra sai s6
khdi lwong nho nhat (< 2 gram) nén phuong phép diéu khién nay dugc ap dung 1én hé
théng phan loai.

Khi tinh dugc thé tich va khéi luong tir hé thdng phén loai, dwa vao cong thirc
tinh ty trong (3.9) tim ra dugc ty trong cia trai xoai (ty trong trai xoai cho phép tur 1.0
-1.1) va tur hé théng phan loai str dung co ciu phan loai xoai ra loai 1, 2 va 3.
5.2.3. Két qua hé thong phan loai xoai sir dung cong nghé xir Iy anh két hop Al

Céc mo hinh phan loai da duogc thuc hién voéi viée hd tro cac thuat toan may
hoc. Viéc trién khai xoai phén loai duya trén viéc ap dung cong nghé xir 1y anh dé xir
1y hinh anh chup xoai va sau d6 st dung bén phuong phap mé hinh LDA, SVM, KNN

va RF dé tu dong phan loai xoai. C6 mot sb két qua:
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Két qua dy doan cta cac mo hinh giam sat vé may hoc dugc dé cap trong
nghién ctru ndy c6 do chinh xac cao. Pac biét, mé hinh RF c¢6 hiéu suét du doan tot
nhét va duoc dé xuit dé du doan loai xoai.

Trong sudt qua trinh phén loai, mot chudi cac phuong phap phan tich trong xir
ly anh dugc sir dung dé bién d6i hinh anh di chyp ciia xoai thanh dang hinh anh c6
thé dé dang trich xuat tinh ning tir xoai. Thi nghiém cho thay cac phuong phap nhu
vy thanh cong khi két qua du doan c6 mot 16i nho.

Giai phap ML dugc giam sat co thé duy tri d chinh x4c du doan cao cho cac
loai x0ai khac nhau. Tuy nhién, nén ap dung cho xo0ai twong tyr nhu x0ai mau.

Do loai xo0ai dugc phan loai dya trén cac quy tdc va mbi quan hé cua tinh nang
x0ai, do d6 cach tiép can phuong phap mé hinh RF ¢6 loi thé hon cic phuong phap
khac khi phan loai dya trén cac quy tdc duogc tao tir cac bién dau vao.

Trong nghién ctru ndy, dé xuat phuong phap mé hinh RF dy doan xo0di & Viét
Nam va c6 két qua thanh cong v6i d6 chinh xac 98,1% (Bdng 4.9).

Mang lu6i than kinh t6i wu ¢6 thé du doan d6 Brix ctia mdi trai xoai dua trén khéi
luong, chiéu dai, chiéu rong va thé tich v6i do chinh xac 98% trén thuc nghiém (Bdng
4.11, Hinh 4.46).

5.2.4. Két qua sir dung h¢ thong phan loai xoai thire nghi¢m

Luén an da hoan thanh muyc tiéu dé ra 14 nghién ctru hé théng phén loai xoai hiéu

suat cao sir dung cong nghé xir Iy anh va tri thong minh nhan tao (Hinh 4.47).
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Hinh 4.48. So sanh ning suat giita phan loai tir hé théng va thi cong
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Hiéu qua st dung hé thong: ning suat may phan loai trén 3 tin/h, hé thong co
thé chay lién tuc 18h/ngay. Ning suat tinh cho 1 ngdy 1a 54 tan, ning sut nang cao
nhiéu 1an so v6i phwong phap thii cong, giai quyét duoc nhitng mit han ché trong
phuong phéap phan loai truyén théng (Hinh 4.48), hé thong phan loai c6 thé thay thé
hon 20 ngudi nhan cong cé tay nghé cao, giam duge chi phi va dam bao duoc do

chinh x4c trong phan loai = 98%. (Hinh 4.49).

600,000,000
500,000,000
400,000,000
300,000,000
200,000,000

100,000,000

| smmmmss———— |
Hang thang
m PP thd cong m PP mdy phan loai
Hinh 4.49. So sanh chi phi giita phan loai tir hé thong va thu cong

5.3. Pinh huéng phat trién dé tai

Khi phét trién va toi vu hoa cac phuong phap phan loai str dung cong nghé xir
Iy anh két hop Al trong hé thong phan loai xoai thi hé théng nay ciing phan loai dugc
cac loai nong san khac nhu budi, chanh, ca chua... khi thay ddi mét sb yéu td, co ciu
diéu khién, co cdu chap hanh. Gop phan tmg dung khoa hoc k¥ thut cong nghé cao

vao nghién ctru, san xuat va thuong mai.
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Mango Sorting Mechanical System Uses Machine Vision
and Artificial Intelligence

Nguyen Duc Thong, Nguyen Truong Thinh, and Huynh Thanh Cong

Abstract—Sorting and Classification of mango, there are
different colors, weights, sizes, shapes and densities. Currently,
classification based on the above features is being carried out
mainly by manuals due to farmers' awareness of low accuracy,
high costs, health effects and high costs, costly economically
inferior. This study was conducted on three main commercial
mango species of Vietham to find out the method of
classification of mango with the best quality and accuracy.
World studies of mango classification according to color, size,
volume and almost done in the laboratory but not yet applied
in practice. The quality assessment of mango fruit has not been
resolved. Application of image processing technology,
computer vision combined with artificial intelligence in the
problem of mango classification or poor quality. The goal of
the study is to create a system that can classify mangoes in
terms of color, volume, size, shape and fruit density. The
classification system wusing image processing incorporates
artificial intelligence including the use of CCD cameras, C
language programming, computer vision and artificial neural
networks. The system uses the captured mango image,
processing the split layer to determine the mass, volume and
defect on the mango fruit surface. Especially, determine the
density of mangoes related to its maturity and sweetness and
determine the percentage of mango defects to determine the
quality of mangoes for export and domestic or recycled
mangoes.

This article is about the development of an automatic mango
classification system to control and evaluate mango quality
before packaging and exporting to the market. It is in the
research, design and fabrication of mango classification model
and the completion of an automatic mango classification
system using machine vision combining artificial intelligence.

Index Terms—The classification of mango, sorting of
mangoes, image processing technology, artificial intelligence;
computer vision, artificial neural networks.

|. INTRODUCTION

The process of grading mango in Vietnam and the world
is being carried out mainly by the direct labor of farmers. In
the process of surveying and accessing some agricultural
classification systems, the mango classification system on
the market is not available in Vietnam. So achieving low
productivity, increasing costs. Surveying some of the
currently used automatic or semi-automatic agricultural
classification systems can be designed and made into a
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mango classification system. Research and application of
high-tech machinery in the process of producing agricultural
products on the one hand reduce human labor, reduce costs,
and otherwise meet high standards of food safety and
hygiene in Processing in fastidious markets requires high
quality.

Mango is a very sensitive agricultural product and can
easily appear brown spots after being crushed during post-
harvest handling, transportation and marketing. Testing of
the fruit of this fruit used today cannot detect lesions at an
early stage of adulthood and so far no automated tools are
able to detect; studying the approaches and techniques to
assess the quality of mango fruit, checking the surface of
mango fruit with deep, wilting, spongy, deformed mangoes,
ripening on mango fruit; application of image processing
technology, computer vision combined with artificial
intelligence in the problem of classifying mango fruit with
or without quality.

Currently mangoes are classified by color, volume, size
and shape. The quality of the mango fruit is only predicted
by the eye of the classification and has not been studied for
application. Case studies of mango classification such as
Machine vision-based maturity prediction system for
harvested mango classification [1] proposed a machine-
based system to classify mangoes by predicting levels
maturity to replace manual classification system. Prediction
of ripeness was made from video signals collected by a
CCD camera placed above the mango conveyor belt. The
recursive feature removal technique combined with the
vector-based support (SVM) classifier is used to identify the
most relevant features of the original 27 selected features.
Finally, optimal aggregation of the number of reduced
features is obtained and used to classify mangoes into four
different types according to maturity level; Tomas U.
Ganiron Jr developed a size-based mango classification
system using image analysis techniques [2]. This empirical
study aims to develop an efficient algorithm to detect and
classify mangoes. Using the obtained image, the features of
the mango are extracted and used to determine the mango
layer. The characteristics of the extracted mango are
perimeter, area, roundness and defect rate; The mango
classification system uses machine vision and Neural
network [3] as a system that can classify ripe or unripe
mangoes. The method used to carry out this study was split
into several steps: object identification, algorithm
development, implementation and evaluation. This system is
implemented in C, Computer Vision and ANN (artificial
neural networks) so that the system can detect the color of
the ripe or unripe mangoes; The research team in Malaysia
[4] proposed and implemented fuzzy logic algorithms and
algorithms using digital image processing, predefined
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content analysis and statistical analysis to determine real
estate export of local mangoes in Perlis - Malaysia. This
study is to design and develop an efficient algorithm to
detect and classify mangoes at 80% accuracy compared to
human classification. All studies are mostly done in
laboratories, with certain results in the exploitation of
specific classification features, with a high classification
result in color, volume and size. However, the quality of the
mango has not been assessed, but it has been put into
practical applications. The studies [5]-[12] mentioned the
application of image processing and artificial neural
networks with different treatments for fruits, vegetables,
fruits and other foods and for certain results in research
assist.

The study, design and manufacture of mango
classification system to control and evaluate the quality of
mango fruit (according to GAP standards) before being
packaged and exported to the market: mangoes are
harvested at the right level. ripening, size, shape,
eliminating  fruits withered, deep, deformed. More
specifically, "the application of computer vision and image
processing technology combined with artificial intelligence
to identify patterns and evaluate the quality of mango fruits"
in order to enhance automation in agricultural production in
our country.

Il. METHODS AND TECHNIQUES USED TO STUDY

Mango is a tropical fruit tree, ripe mango is yellow or
green attractive, sweet and sour, delicious smell. Ripe
mangoes are eaten fresh, canned, juice, jam, ice cream,
dried for domestic consumption or export. More important
is the ripeness and density of mangoes because this is a
decisive factor to the ability of mango products to be
consumed and this is a complex and difficult classification
problem for mango today. Mango is a tropical fruit tree, ripe
mango is yellow or green attractive, sweet and sour,
delicious smell. Ripe mangoes are eaten fresh, canned, juice,
jam, ice cream, dried for domestic consumption or export.

Apart from the characteristic color, weight, size, shape
and bruises damaged to determine mango quality, the most
important factor to determine mango quality is the
proportion of mangoes. The proportion of mangoes is also
understood as the maturity or age of mangoes, it is related to
the date of harvest of mangoes. According to international
standards, currently the proportion of mangoes ranging from
1.0 to 1.1 is the best quality mango. And currently this
factor has not been studied because it is difficult to handle
mangoes to determine the density, so this study will be
mentioned to solve this problem.

The shooting process involves capturing a color image
(RGB) and performing a depth measurement (D), which is
combined in different ways to form other colors on a pixel,
the intensity of Each color can vary from 0 to 255 and
produce 16,777,216 different colors. Image sensors
combined with depth sensors are located close to each other,
allowing merging maps, producing 3D images. RGB-D
image information is stored. The study was conducted
through the following steps:

1) Identify research issues from the actual situation, survey
how to classify mangoes at home and abroad. An
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overview of domestic and foreign studies,
understanding the existing mango classification systems
as well as a survey of the design and design of mango
classification system.
Learn the local mango assessment and classification
criteria. Develop classification methods, arrange
classification stages accordingly based on actual
surveys. Conduct an analysis of appropriate options,
less error-prone methods and best results. Design
classification model to meet the required objectives set.
3) Build algorithms, calculation methods so that the error is
the lowest and the efficiency is the highest. Begin
implementation of local design, manufacturing,
empirical evaluation and testing.

2)

I11. VISION MACHINE FOR SORTING MANGOES

The mango classification system will handle features
such as color, volume, size, shape, defects and especially
the density of mangoes. When determining mango volume
with Loadcell sensor, mangoes will be taken with 2 cameras
in the shooting chamber with the appropriate light intensity
from the light bulb. The shooting angles of the mango are
random so that the mango fruit image is completely visible.
The design of the mango conveyor belt must match the
camera's shooting angles because otherwise the image will
not take the mango position and process the image to
classify the bruises as inaccurate. When conducting
experiments, the first task is to design a mango
classification model that includes components and
operational structures based on the theory and principles of
operation of each section and the combination of the
distribution system. species. The operation system is
integrated to handle each stage and combination of stages to
handle color, volume, size, shape, density and percentage of
defects (Fig 1). The system to be built must include:

1) System with shooting chamber to process color images,

find shape defects and calculate mango volume.

2) Loadcell system to calculate the weight of each mango.

3) The system has a wiper mechanism that eliminates

unsatisfactory fruits, size, shape.

4) The system has a classification mechanism used to

classify quality of mangoes into trade items.

Building the principle of operation of mango
classification model using artificial intelligence: Conveyed
mango fruit brought to the conveyor mounted on the
conveyor. In the shooting chamber, there are two cameras
for color image processing to find defects on the mango
fruit surface such as: black spots, bruises, bruises, and shape
defects such as waist, damaged broken, the fruit does not
meet the color requirements, the shape will be eliminated,
and the camera will also scan the mango fruit (Iength, width,
height) to calculate the volume of the mango. After that, the
mango fruit, which meets the requirements of color shape,
will be taken to the second conveyor to conduct mass
calculations (Fig. 1). First, the harvested mangoes are
cleaned by using a washing solution, then sorted and sorted
into commercial mangoes of different types, this is the
current stage sorted by hand.
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Fig. 1. Laboratory testbed.

Finally, the mangoes of each classification are packaged
and transferred to customers (Fig. 2).

Mangoes

Image acquisition using combined
front and back mango

v

Segmentation with convolution filters

v

Post-processing of the segmented
image via Al-based techniques

v

Feature extraction as: size, colour,
defect

v

Synergistic classification by feature
combination

v

Expert-system grading

v

Grade

Fig. 2. Mango sorting process and developed system for mango grading.

A. Inspection Process

The inspection routine developed is illustrated in Fig. 2.
First, two images of front and back surfaces are acquired
using two cameras. Second, check areas of the mango are
found using segmentation modules, each specialised in
detecting a different type of feature. Third, post processing
is performed to remove false objects and combine areas that
represents the same feature. Fourth, both object features and
window features are extracted from each located area. Fifth,
the features are passed to the neural networks and the
outputs of these networks are then combined using the
feature combination strategy to assign an overall class to
each region. Finally, the mango is graded, using a set of
rules, based on the feature type of each located region. An
example of a grading table is shown in Table I. The table
shows for each grade, the number, type and size of defects
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that are permissible.

TABLE I: THE MANGO IS GRADED FOR EACH GRADE, THE NUMBER, TYPE
AND SIZE OF DEFECTS THAT ARE PERMISSIBLE
Permission range

Size Standard range Error
code (< 10 % each/package)
A From 200 to 350 From 180 to 425 112,5
B From 351 to 550 From 251 to 650 150
Cc From 551 to 800 From 426 to 925 187,5

This table can be easily converted into a rule-based expert
system. For better results, fuzzy rules can be employed to
emulate expert human graders more closely. The
segmentation method adopted is based on standard image-
processing functions and consists of three stages. Before
segmentation, two images of the two surfaces being
inspected is acquired using the image from above and
beneath the mango. These images contain some features
caused by classifications.

The mangoes are rarely perfect spheres, most mangoes
are either long (D<L). A simple way to account for variation
in mango shape is to use the ratio (R)of length to diameter:
R=L/D. Corrected mango volume will, therefore, have the
following equation [5]:

Ve =V, +V, (KR -1) 1)
where Vp is the corrected mango volume, and K is a shape
factor that varies with fruit type. After development and
rearrangement of Eq. 1, the following equation is obtained:

2
V, =1.1D?’Lxz/6 @

With D and L in cm and Vp in cmd,

All of the shape features apart from area are invariant to
size, since they are measured from profile images
normalised to unit area. Since none of the shape features
shows any significant correlation with volume (as opposed
to K), and since the effects of projection are small, any set
of features from a profile image of a corresponding mango
can be easily mapped to a new set of features corresponding
to the same piece.

IVV. EXPERIMENTS AND DISCUSSIONS

The mechanism for removing left-handed left
unsatisfactory: Mango after passing through the image
processing area to the wiper, here is attached an infrared
sensor to detect objects. After receiving the PLC control
signal to return the sensor activation, the sensor detects that
the mango will return the signal back to the PLC so that the
PLC controls the wiper (cylinder) mechanism to dismiss the
does not meet the criteria of the conveyor (into the container
located in front of the cylinder) (Fig. 3).

Based on the average mass of Chu and Cat Hoa Loc mango
and in the experimental process, we see the largest volume
that mango fruit can reach is: m,,,, = 750g, so we have:
Prango =m.g = 0,75.10 = 7,5 (N)
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To choose: g = 10 (m/s*)

\\\

Loadcell

Fig. 3. Diagram of force distribution in the rupture unit

For al I; K; F; a fixed we always have the dependence of
m on x according to the following graph.
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a=1;

L=300;

K=30000; %N/mm
F=5;

g =9.80665; % }r_.-'sz
x=linspace (0, 300,31);

K1=K.*L./x;

K2=K.*L./ (L-x):

m=sgrt (x."2+a.”2);

n=sgrt { (L-x)."2 +a."2);

dl=m- (L-F./¥).*x./L ;

d2=n- (L-F./¥).* [L-x) ./L :

C=(x."2 + a."2 -x.*L)./(m.*n);
P2=(K1.*dl).”2 + (K2.%d2).”2 + 2.
v=(sqgrt (P2)).*1000./g;

plot(x,v, 'ro' , X, ¥,

FEL.*dl.* (K2.%d2) .*C;

=i
grid on ;

xlabel ('x (mm) ") ;

ylabel ('m(g)'):

title('Do thi lien he giua m va x");

Fig. 4. Graph of the relationship between m and x-axis and Code matlab

The result is taken into Excel to calculate, we see the
relationship between the two original mass quantities and
the weight on the conveyor have linear relationship with the
first equation (Fig4): “y=a.x+b”

In which: y is the volume of mango fruit to be calculated
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X is the weight of the weight when weighing the conveyor
a, b is the coefficient coefficients a and b are determined by
SLOPE functions (find coefficient a), INTERCEPT (find
coefficient b). Order to determine:

a = SLOPE (y values, x values) = 1.060952497
b = INTERCEPT (y values, x values) = 63.01837755
The equation to look for:
y =1,060952497. x + 63,01837755 (3)

From the newly found equation, we build the block in the
PLC to calculate the exact volume. We have wrong results
(Table I1).

TABLE II: THE ERROR TABLE BETWEEN THE WEIGHT OF MANGOES
CALCULATED BY THE EQUATION AND THE ACTUAL VOLUME

Order Volume .calculatedby Error (%)
number | Actual volume equation (gam)
weight (gam)
1 410.4543 412.6726 -2.21827
2 469.9725 469.1009 0.8716
3 323.1496 321.4804 1.6692
4 551.0186 550.2169 0.8017
5 442.9044 441.2227 1.6817
6 432.1404 432.4907 -0.3507
7 451.4862 453.1468 -1.6604
8 399.6903 398.9014 0.7889
393.7589 395.3746 -1.6153
10 469.9725 469.9407 0.0318

For convenience, the results of the volume estimation
methods developed in this study are repeated here. This
includes error and associated confidence statistics for each
of the volume estimation methods. Table | gives the results
of linear volume estimation methods (Table I1).

For the lever you can push the mango out of the conveyor

F ush > Pmango + Ffriction- tg.B .

p

But we ignore the friction between the mango and the
conveyor belt because the friction force is negligible (too
small) so: Fpush > Pmanga « Fpush > 7,5 (N)

We have the pneumatic pressure of common air
compressors: p = 6 bar = 6.1183kgf / cm?

The response of mango fruitis F=7.5 N =0.75 kg

0, .4

Fa4 _
6,1183.1m

p

Cylinder diameter:

dxylanh =
0,41 (cm)

Select cylinder diameter is: d yjianh =5 mm

The cylinder stroke length is 200 mm (conveyor width r =
180 mm) to ensure the cylinder is able to completely
remove the mango from the conveyor.

Due to the use of cylinders, it is necessary to re-calibrate
the supply of air to create enough force to push the mango
but does not cause surface damage to the mango. At the



International Journal of Engineering and Technology, Vol. 11, No. 5, October 2019

same time, the output speed of the cylinder must not exceed
the conveyor speed to avoid the mango being knocked off
the conveyor.

Need to use 1 cylinder in this structure.

The conveyor section calculates the volume: Mango
meets the standard of color shape will follow the conveyor
to go through the processing area. Here, under 1 conveyor, 1
Loadcell is attached to the weight of mango fruit (directly
connected to the PLC). The result is then returned to the
next processing PLC.

Volume of mango using Camera — RGB:

Find size via Camera: Photos obtained from cameras are
RGB color images we need to convert to gray images to
manipulate more easily. In the model using additional
shooting chamber to increase the ability to receive images
and separate fonts more easily.

First we know that in most mangoes there will be a
certain color threshold. So we will adjust the threshold and
begin to turn gray image so that the resulting image has
background and mango are 2 separate color values. Here the
topic threshold is set at 135, the threshold of mango ranges
from 140-255. When we have the pixel size and also the
size of the pixel, we just need to multiply it, we get the real
size of the mango (Fig 5). Calculating mango volume: We
rely on the dependent equation found in the method and the
actual size found. Replace the equation to calculate the
corresponding volume.

The result of mango volume is obtained by calculating
statistical method by size using RGB Camera: Above
Loadcell is arranged with an infrared sensor to detect
objects. When the mango fruit goes to the sensor to return
the signal to Visual, at the same time, the bottom Loadcell
also weighs the value of the mango at 10ms.

CONNECT Bganeer .
A\
( Lena Wi eiq

" -
/é\
2000
NN AL

Fig. 5. Results obtained after determining mango size.

From the newly found equation, we build the block in the
PLC to calculate the exact volume. We have wrong results:
Average error of acceptable errors: Reasonable equation.

In particular, when determining the mass, volume and
density of computation compared to the original elements of
mango and comparison chart, we get quite stable and
acceptable results Table Il and Fig. 6 (units of dimension of
mango are mm, volume is ml).
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A diagram of the relationship between actual mass and conveyor weight

A disgram of
the relationship
between actual
mass and
conveyor weight

400

0 100 00 i Tl

00
Axis Title R

Fig. 6. Chart of relationship between actual weight and conveyor weight.

From Fig. 7, we have Mean close to 0, the standard
deviation is 0.963 close to 1, so it can be said that the
remainder distribution is approximately standard. Therefore,
it can be concluded that the normal distribution of the
remainder is not violated.

Comparison chart

il
I

[
I

actual density

Comparison chart

= Wiy

I
| Nﬁ

f density »
Fig. 7. Chart comparison between volume, density calculations than the real
factors.

| ;

= volume

w mactual

First experiment on mangoes with actual results as
follows:

Convert RGB color image to gray level image: RGB
color model, using additional models in which red, green
and blue light are combined together in many different ways
to form other colors on a pixel, the intensity of each color
can change from 0 to 255 and create 16,777,216 different
colors. To convert RGB images to grayscale images using
functions in OpenCvSharp: Cv2.cvtcolor (); (Fig. 8).



International Journal of Engineering and Technology, Vol. 11, No. 5, October 2019

m—

Fig. 8. Convert RGB color image to gray image.

Image segmentation: Image binary is the process of
converting gray images into binary images. Binary images
are images where the values of pixels are represented only
by two values: 0 (Black) and 255 (White) (Fig. 9).

Fig. 9. Convert gray image to binary.

Results of measuring the actual size of a sample mango
and the corresponding number of pixels (Fig. 10):

L

Fig. 10. Calculate approximately the area of a pixel.

Length (L): 13.69 cm - 426 pixels

Width (R): 8.51 cm - 281 pixels

Height (H): 7.28 cm - 258 pixels

The above word calculates approximately the area of a
pixel: 292 5 5L _ (09732 mm?

4260 2810

Determine the area of the mango image obtained from the
binary image (borders), determine the length, width and
height from this image. Applying formula (1), (2) and
Dependency equation between size and volume (3), we
deduce the corresponding mango volume.

Each type of fruit has its own unique profile, and for each,
they will correspond to a certain profile. Mango has the
same common profile, quite similar to Elipson. With this
method, we use the length and width of each mango to
calculate the corresponding volume (Fig. 11).

Fig. 11. Image analysis determines mango contour to calculate volume.

Here the input variable is the size of the mango and the
output variable will be the corresponding mango volume
(Table I1I). The result is:
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TABLE Ill;: TABLE OF DEPENDENT EQUATION PARAMETERS (SNAPSHOT)

Coefficients®
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.

1 (Constant) -1000.959 62.866 -15.922 .000
Length (mm) 3.249 .352 452 9.237 000
Width (mm) 2.956 1.399 A70 2113 041
Height (mm) 10.155 1.491 516 6.812 .000

a. Dependent Variable: Volume (ml)

Dependent equation between size and volume:
Volume = 3.249 x length + 2.956 x width + 10.155 x
height — 1000.959

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Volume {ml)

X
OO
©
0.8
oo
oo
o
[=]
a
fals}
£ %% 500
S o
o oo
-g o
]
2 04 o2
> ore)
w <,
[alole)
o
0.2 =
o
<,
o T T T T
0.0 0.2 0.4 06 08 1.0

Observed Cum Prob

Fig. 12. Normal P-P balance diagram.

And from Fig. 12, we see that the distribution points in
the distribution of the remainder are concentrated into one
diagonal, thus, assuming the normal distribution of the
remainder is not violated.

V. CONCLUSION

This study described the method and terminology of
several of tolls that are used for image processing and
analysis in sorting and classification of mangoes based on
Artificial Intelligence. The digital image processing is
required firstly to preprocess the data of mango images into
a format from which features can be extracted, and secondly
to extract and measure these features.

The fluctuation of mango fruit quality in the market is
huge. The best harvesting time for fruit quality depends on
many factors including Cat Hoa Loc mango and Cat Chu
mango in Vietnam for the best quality when having density
from 1.00 -1.02. Fruits are classified by machine vision
techniques and artificial intelligence is more uniform in
quality than the left harvest by age and market.

The mango images used in this study for sorting and
blemish detection are obtained using a CCD camera. Once
shape have been extracted from the mango profile images
and applied to artificial neural network that is used to
combine shape features to form volume estimates for the
corresponding mango. The testing method used on ANN
and other function approximation methods are explained in
this paper.

Eventually, the features are to be combined to form a
volume estimate of fruit from whose image thay are
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extracted and measured.

In one of its simplest forms, function approximation is
determination of a linear regression equation based on a set
of data. This linear relationship is a model for between
weight and volume, since one would expect that the volume
of mango would be directly proportional to its weight,
because mango density is usually almost constant within a
same quality. A model must be formed from knowledge of
understanding of source of the data. As it is known that
mango density increased with the volume, then the quality is
better and the mango is sweet (Based on regression equation
of weight and volume). ANN can be seen as a form of
regression equation which can model arbitrary continuous
functions where an explicit model relating the functional
form of the output to the inputs is known. The first stage in
the computer processing of the digital images from camera
is to form separate image files of mangoes. This is
necessary since locating the mango within the large image
would be very computationally expensive. From these
resized images, the grey-scale images are formed from the
sum of the red and green bands less twice the blue band.
Next, the grey-scale images are threshold to form binary
images. The threshold value is simply found based on
experiments for each type of mango (with reference to
several image histograms). The mango images are calibrated
for size by using images of ellipse.
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Mango classification system uses image processing technology

and artificial intelligence

Nguyen Duc Thong, Nguyen Truong Thinh, and Huynh Thanh Cong

Abstract—The classification of mango in Vietnam and the
world is being carried out mainly by direct labor of farmers
using time-consuming and less efficient observations or some
non-specialized machines and results for productivity not high,
high cost, sorting out different types of mangoes is relatively
costly. World studies of mango classification according to
color, size, volume and almost done in the laboratory but not
yet applied in practice. The quality assessment of mango fruit
has not been resolved. So it is necessary to study image
processing techniques; collect and build a database of photos of
some types of mangoes in Vietnam; studying mango quality
approaches and techniques, examining mango surfaces that are
deep, withered, porous, deformed mangoes, ripening on mango
fruit; application of image processing technology, computer
vision combined with artificial intelligence in the problem of
mango classification or poor quality. The goal of the study is to
create a system that can classify mangoes in terms of color,
volume, size, shape and fruit density. The classification system
using image processing incorporates artificial intelligence
including the use of CCD cameras, C language programming,
computer vision and artificial neural networks. The system
uses the captured mango image, processing the split layer to
determine the mass, volume and defect on the mango fruit
surface. This article is about the development of an automatic
mango classification system using image processing technology
combining artificial intelligence to control and evaluate mango
quality before packaging and exporting to the market.

Keywords—The classification of mango; Sorting of Mangoes;
Image processing technology; Artificial intelligence; Computer
vision; Artificial neural networks.

1. INTRODUCTION

In the process of surveying and accessing some
agricultural classification systems, the mango classification
system on the market is not available in Vietnam. The
survey of farming households and finished mango
production establishments in all localities showed that the
classification of mangoes is manual because the workers use
their hands to classify. So achieving low productivity,
increasing costs. Research and application of high-tech
machinery in the process of producing agricultural products
on the one hand reduce human labor, reduce costs, and
otherwise meet high standards of food safety and hygiene in
Processing in fastidious markets requires high quality.
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Mango is a very sensitive agricultural product and can
easily appear brown spots after being crushed during post-
harvest handling, transportation and marketing. Testing of
the fruit of this fruit used today cannot detect lesions at an
early stage of adulthood and so far no automated tools are
able to detect. The application of optical images to recent
postharvest quality control has been researched and is being
conducted to find a way to estimate internal properties or to
detect external damage. Researching techniques of image
processing, collecting and building a database of images of
a number of mango fruits in Vietnam; studying the
approaches and techniques to assess the quality of mango
fruit, checking the surface of mango fruit with deep, wilting,
spongy, deformed mangoes, ripening on mango fruit;
application of image processing technology, computer
vision combined with artificial intelligence in the problem
of classifying mango fruit with or without quality.

Currently mangoes are classified by color, volume, size
and shape. The quality of the mango fruit is only predicted
by the eye of the classification and has not been studied for
application. Case studies of mango classification such as
Machine vision-based maturity prediction system for
harvested mango classification [1] proposed a machine-
based system to classify mangoes by predicting levels
maturity to replace manual classification system. Prediction
of ripeness was made from video signals collected by a
CCD camera placed above the mango conveyor belt. The
recursive feature removal technique combined with the
vector-based support (SVM) classifier is used to identify the
most relevant features of the original 27 selected features.
Finally, optimal aggregation of the number of reduced
features is obtained and used to classify mangoes into four
different types according to maturity level; Tomas U.
Ganiron Jr developed a size-based mango classification
system using image analysis techniques [2]. This empirical
study aims to develop an efficient algorithm to detect and
classify mangoes. Using the obtained image, the features of
the mango are extracted and used to determine the mango
layer. The characteristics of the extracted mango are
perimeter, area, roundness and defect rate; The mango
classification system uses machine vision and Neural
network [3] as a system that can classify ripe or unripe
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mangoes. The method used to carry out this study was split
into several steps: object identification, algorithm
development, implementation and evaluation. This system is
implemented in C, Computer Vision and ANN (artificial
neural networks) so that the system can detect the color of
the ripe or unripe mangoes; The research team in Malaysia
[4] proposed and implemented fuzzy logic algorithms and
algorithms using digital image processing, predefined
content analysis and statistical analysis to determine real
estate export of local mangoes in Perlis - Malaysia. This
study is to design and develop an efficient algorithm to
detect and classify mangoes at 80% accuracy compared to
human classification. All studies are mostly done in
laboratories, with certain results in the exploitation of
specific classification features, with a high classification
result in color, volume and size. However, the quality of the
mango has not been assessed, but it has been put into
practical applications. The studies [5 - 10] mentioned the
application of image processing and artificial neural
networks with different treatments for fruits, vegetables,
fruits and other foods and for certain results in research
assist.

The study, design and manufacture of mango
classification system to control and evaluate the quality of
mango fruit (according to GAP standards) before being
packaged and exported to the market: mangoes are
harvested at the right level. shape,
eliminating fruits withered, deep, deformed. And above all
the main goal of the project is to design and manufacture the

ripening, size,

control system of mango classification system based on
image processing technology, computer vision combined
with artificial intelligence with high productivity, compact,
easy to use, easy to classify mangoes and can classify other
agricultural products in Vietnam.

I1. METHODS AND TECHNIQUES USED TO STUDY

In Vietnam, mango has many types such as Cat Chu, Cat
Hoa Loc, Statue of green skin... Commercial mangoes have
different colors, volumes, sizes or shapes. More important is
the ripeness and density of mangoes because this is a
decisive factor to the ability of mango products to be
consumed and this is a complex and difficult classification
problem for mango today.

Apart from the characteristic color, weight, size, shape
and bruises damaged to determine mango quality, the most
important factor to determine mango quality is the
proportion of mangoes. The proportion of mangoes is also
understood as the maturity or age of mangoes, it is related to
the date of harvest of mangoes. According to international
standards, currently the proportion of mangoes ranging from
1.0 to 1.1 is the best quality mango. And currently this
factor has not been studied because it is difficult to handle
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mangoes to determine the density, so this study will be
mentioned to solve this problem.

The study was conducted through the following steps:

1) Identify research issues from the actual situation,
survey how to classify mangoes at home and abroad.

2) Learn the local mango assessment and classification
criteria.  Develop  classification = methods, arrange
classification stages accordingly based on actual surveys.

3) Build algorithms, calculation methods so that the
error is the lowest and the efficiency is the highest.

4) Begin implementation of local design, manufacturing,
empirical evaluation and testing.

Determine the weight of mango we use Loadcell sensor
placed on the input conveyor. Here the system will classify
mango according to the volume of each selected mango
variety. To determine color, size, shape as well as volume
and percentage damage mango we use mango camera and
application of image processing technology. The shooting
process involves capturing a color image (RGB) and
performing a depth measurement (D), which is combined in
different ways to form other colors on a pixel, the intensity
of Each color can vary from 0 to 255 and produce
16,777,216 different colors. Image sensors combined with
depth sensors are located close to each other, allowing
merging maps, producing 3D images. RGB-D image
information is stored. With the distance from the camera to
the conveyor is constant, the real size of the length, width,
and height of the mango is measured by clamp. Then count
the number of pixels corresponding to each of these
dimensions. We choose 1280 x 960 pixels, 12 frames per
second and 640 x 480 pixels, taking 30 frames per second to
handle mango volume and defect detection.

[11. VISION MACHINE FOR SORTING MANGOES

The mango classification system will handle features
such as color, volume, size, shape, defects and especially the
density of mangoes. When determining mango volume with
Loadcell sensor, mangoes will be taken with 2 cameras in
the shooting chamber with the appropriate light intensity
from the light bulb. The shooting angles of the mango are
random so that the mango fruit image is completely visible.
The design of the mango conveyor belt must match the
camera's shooting angles because otherwise the image will
not take the mango position and process the image to
classify the bruises as inaccurate. The operation system is
integrated to handle each stage and combination of stages to
handle color, volume, size, shape, density and percentage of
defects (Fig 1). The system to be built must include:

1) System with shooting chamber to process color
images, find shape defects and calculate mango volume.
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2) Loadcell system to calculate the weight of each
mango.

3) The system has a wiper mechanism that eliminates
unsatisfactory fruits, size, shape.

4) The system has a classification mechanism used to
classify quality of mangoes into trade items.

Building the principle of operation of mango
classification model using artificial intelligence: Conveyed
mango fruit brought to the conveyor mounted on the
conveyor. In the shooting chamber, there are two cameras
for color image processing to find defects on the mango
fruit surface such as: black spots, bruises, bruises, and shape
defects such as waist, damaged broken, the fruit does not
meet the color requirements, the shape will be eliminated,
and the camera will also scan the mango fruit (length, width,
height) to calculate the volume of the mango. After that, the
mango fruit, which meets the requirements of color shape,
will be taken to the second conveyor to conduct mass
calculations (Fig 1).

Fig 1. Laboratory test bed

First, the harvested mangoes are cleaned by using a
washing solution, then sorted and sorted into commercial
mangoes of different types, this is the current stage sorted
by hand. Finally, the mangoes of each classification are
packaged and transferred to customers (Fig 2).

Inspection Process

The inspection routine developed is illustrated in Fig 2.
First, two images of front and back surfaces are acquired
using two cameras. Second, check areas of the mango are
found using segmentation modules, each specialized in
detecting a different type of feature. Third, post processing
is performed to remove false objects and combine areas that
represent the same feature. Fourth, both object features and
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window features are extracted from each located area. Fifth,
the features are passed to the neural networks and the
outputs of these networks are then combined using the
feature combination strategy to assign an overall class to
each region. Finally, the mango is graded, using a set of
rules, based on the feature type of each located region. An
example of a grading table is shown in Table 1. The table
shows for each grade, the number, type and size of defects
that are permissible.

Harvesting —» Cleaning —>»  Classification
Package Preserv;hon
Spraying
Storage > Transportion > Users
Mangoes

Image acquisition using combined
front and back mango

v

Segmentation with convolution filters

v

Post-processing of the segmented
image via Al-based techniques

v

Feature extraction as: size, colour,
defect

v

Synergistic classification by feature
combination

v

Expert-system grading

v

Grade

Fig 2. Mango sorting process and developed system for mango grading

TABLE I. THE MANGO IS GRADED FOR EACH GRADE, THE NUMBER, TYPE
AND SIZE OF DEFECTS THAT ARE PERMISSIBLE

Size Permission range
Standard range Error
code (<10 % each/package)
A From 200 to 350 From 180 to 425 112,5
B From 351 to 550 From 251 to 650 150
C From 551 to 800 From 426 to 925 187,5

This table can be easily converted into a rule-based
expert system. For better results, fuzzy rules can be
employed to emulate expert human graders more closely.
The segmentation method adopted is based on standard
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image-processing functions and consists of three stages.
Before segmentation, two images of the two surfaces being
inspected is acquired using the image from above and
beneath the mango. These images contain some features
caused by classifications.

The mangoes are rarely perfect spheres, most mangoes
are either long (D<L). A simple way to account for variation
in mango shape is to use the ratio (R)of length to diameter:
R=L/D. Corrected mango volume will, therefore, have the
following equation [5]:

Vo=V, +V, (KR-1) 1)

Where Vp is the corrected mango volume, and K is a
shape factor that varies with fruit type. After development
and rearrangement of Eq. 1, the following equation is
obtained:

_ 2
V,=1.1D’Lxr/6 2

With D and L in cm and Vp in cm’,

All of the shape features apart from area are invariant to

size, since they are measured from profile images
normalised to unit area. Since none of the shape features
shows any significant correlation with volume (as opposed
to K), and since the effects of projection are small, any set
of features from a profile image of a corresponding mango
can be easily mapped to a new set of features corresponding

to the same piece.
IV. EXPERIMENTS AND DISCUSSIONS

The mechanism for left-handed left

unsatisfactory: Mango after passing through the image

removing

processing area to the wiper, here is attached an infrared
sensor to detect objects. After receiving the PLC control
signal to return the sensor activation, the sensor detects that
the mango will return the signal back to the PLC so that the
PLC controls the wiper (cylinder) mechanism to dismiss the
does not meet the criteria of the conveyor (into the container
located in front of the cylinder) (Fig 3).

Based on the average mass of Chu and Cat Hoa Loc
mango and in the experimental process, we see the largest
volume that mango fruit can reach is: m,,,, = 750g, so we
have:

Prnango =m.g = 0,75.10 = 7,5 (N)

To choose: g = 10 (m/s?)
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Loadcell

Fig 3. Diagram of force distribution in the rupture unit

For the lever you can push the mango out of the

conveyor Fpush > Pmango + Ffriction- tgp.

But we ignore the friction between the mango and the
conveyor belt because the friction force is negligible (too
small) s0: Fpysp > Prango © Fpusn > 7,5 (N)

We have the pneumatic pressure of common air
compressors: p = 6 bar = 6.1183kgf / cm”

The response of mango fruitis F =7.5 N =0.75 kg
d _ [Fa_ [o754 _
xylanh = [, 7~ AJ61183m

Select cylinder diameter is: d y/m = 5 mm

Cylinder diameter:

0,41 (cm)

The cylinder stroke length is 200 mm (conveyor width r
= 180 mm) to ensure the cylinder is able to completely
remove the mango from the conveyor.

Due to the use of cylinders, it is necessary to re-calibrate
the supply of air to create enough force to push the mango
but does not cause surface damage to the mango. At the
same time, the output speed of the cylinder must not exceed
the conveyor speed to avoid the mango being knocked off
the conveyor.

Need to use 1 cylinder in this structure.

The conveyor section calculates the volume: Mango
meets the standard of color shape will follow the conveyor
to go through the processing area. Here, under 1 conveyor, 1
Loadcell is attached to the weight of mango fruit (directly
connected to the PLC). The result is then returned to the
next processing PLC.

For convenience, the results of the volume estimation
methods developed in this study are repeated here. This
includes error and associated confidence statistics for each
of the volume estimation methods. Table 1 gives the results
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of linear volume estimation methods. The arrangement of
light sources significantly affects the image obtained, so the
preferred lighting conditions are as follows (Fig 4): Samples
are illuminated by two 5w bulb led lights and Lamp
placement is arranged as shown below.

18cm

L g N
-

Fig 4. Diagram of lighting layout

Through experiments, it is shown that the location of the
above lighting fixtures will not create black shadows that
disturb the image and the light intensity does not make the
surface of the mango too dazzling, making it easier to
identify defects.

Volume of mango using Camera — RGB:

Find size via Camera: Photos obtained from cameras are
RGB color images we need to convert to gray images to
manipulate more easily. In the model using additional
shooting chamber to increase the ability to receive images
and separate fonts more easily (Fig 5).

First we know that in most mangoes there will be a
certain color threshold. So we will adjust the threshold and
begin to turn gray image so that the resulting image has
background and mango are 2 separate color values. Here the
topic threshold is set at 135, the threshold of mango ranges
from 140-255. When we have the pixel size and also the
size of the pixel, we just need to multiply it, we get the real
size of the mango (Fig 6).

Calculating mango volume: We rely on the dependent
equation found in the method and the actual size found.
Replace the equation to calculate the corresponding volume.
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The result of mango volume is obtained by calculating
statistical method by size using RGB Camera: Above
Loadcell is arranged with an infrared sensor to detect
objects. When the mango fruit goes to the sensor to return
the signal to Visual, at the same time, the bottom Loadcell
also weighs the value of the mango at 10ms.

The result is taken into Excel to calculate, we see the
relationship between the two original mass quantities and
the weight on the conveyor have linear relationship with the
first equation (Chart 1):

y=ax+b

In which: y is the volume of mango fruit to be calculated
x is the weight of the weight when weighing the conveyor
a, b is the coefficient

coefficients a and b are determined by SLOPE functions
(find coefficient a), INTERCEPT (find coefficient b). Order
to determine:

a = SLOPE (y values, x values) = 1.060952497
b = INTERCEPT (y values, x values) = 63.01837755

The equation to look for: y =
63,01837755 (3)

1,060952497.x +

From the newly found equation, we build the block in
the PLC to calculate the exact volume. We have wrong
results (Table 2).

TABLE II. THE ERROR TABLE BETWEEN THE WEIGHT OF MANGOES
CALCULATED BY THE EQUATION AND THE ACTUAL VOLUME

ngrr:l:r Actual -volume Volumeequcaztlilsﬁlatedby Error
weight
1 410.4543 412.6726 -2.21827
2 469.9725 469.1009 0.8716
3 323.1496 321.4804 1.6692
4 551.0186 550.2169 0.8017
5 442.9044 441.2227 1.6817
6 432.1404 432.4907 -0.3507
7 451.4862 453.1468 -1.6604
8 399.6903 398.9014 0.7889
9 393.7589 395.3746 -1.6153
10 469.9725 469.9407 0.0318
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false

fifismie true image processing camera
start W B FItat p— and volume calculator
false
sensor detect
5 false
mango save volumetric
- | damaged

value into array

(Loadcell)

| e im

v dismissed |
volume calculation |
2
false ) fal
density < 300<density alse
—
300 <600
l true l true
classification classification classification
cylinder 1 cylinder 2 cylinder 3
v
Finish

Fig 5. Flowchart of mango classification model according to color, volume and weight

Camera 2

Length  Width Height

VOLUME

v -

Fig 6. Results obtained after determining mango size

A diagram of the relationship between actual mass and conveyor weight

600

A diagram of
200 the relationship
between actual
mass and

s Title
M
>
5

conveyor weight

Ax

100

=}

w1
=]
=]

0 100 200 Axis Title 300 400

Chart 1. Chart of relationship between actual weight and conveyor weight
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Average error of acceptable errors: Reasonable equation.

First experiment on 10 mangoes with actual results as
follows:

First, convert RGB color image to gray level image:
RGB color model, using additional models in which red,
green and blue light are combined together in many
different ways to form other colors on a pixel, the intensity
of each color can change from 0 to 255 and create
16,777,216 different colors. To convert RGB images to
grayscale images using functions
Cv2.cvteolor (); (Fig 7a).

in  OpenCvSharp:

Image segmentation: Image binary is the process of
converting gray images into binary images. Binary images
are images where the values of pixels are represented only
by two values: 0 (Black) and 255 (White) (Fig 7b).

Detection of defects and calculation of defect areas:
Contour algorithm: Contour is the algorithm used in image
processing to separate, extract objects, enabling the
following processing to be accurate (Fig 7c¢).

Fig 7. Image processing process to calculate mango volume

Classification based on area of disability. Calculate
approximately the area of a pixel.
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Classification: Find the largest area of disability if the
disability area is larger or the area of the disability is larger
than the area where each disability area has a larger
disability area than allowed, mangoes are removed (Fig 7d).

Results of measuring the actual size of a sample mango
and the corresponding number of pixels (Fig 7e):

Length (L): 13.69 cm - 426 pixels
Width (R): 8.51 ¢cm - 281 pixels
Height (H): 7.28 cm - 258 pixels

The above word calculates approximately the area of a

390 o 31— 0,09732 mm?

“4260 7 2810

Define the binary image boundary from the program you
made. Based on the dependence equation we have found
from a type of mango Statue of green skin or Cat Chu or Cat
Hoa Loc, for each type of mango we need to calculate the
length and height, we deduce the corresponding volume (Fig
8).

Determine the area of the mango image obtained from
the binary image (borders), determine the length, width and
height from this image. Applying formula (1), (2) and
Dependency equation between size and volume (3), we
deduce the corresponding mango volume.

Calculating mango volume by approximate statistical
method

Each type of fruit has its own unique profile, and for
each, they will correspond to a certain profile. Mango has
the same common profile, quite similar to Elipson. With this
method, we use the length and width of each mango to
calculate the corresponding volume.

When we determine the length, width, height and actual
volume of the mango, we begin to find a link between them.
We have 3 input variables (length, width, height) and an
output variable (volume), using multivariate regression to
find the relationship between them. We just understand that,
when we use the actual volume size of the mango to find the
dependent equation, then use Kinect to calculate the length,
width, height and with our dependent equation we will find
corresponding. SPSS software supports our multivariate
regression to find dependent equations. We only give the
input variable and the output variable, SPSS will give us the
most accurate dependency equation and related diagrams.

SPSS software supports our multivariate regression to
find dependent equations. We only give the input variable
and the output variable, SPSS will give us the most accurate
dependency equation and related diagrams.
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private void fnt_binary()
{

var tenp = _ingCanny. Convert<Gray, byte>().ThresholdBinaryInv(new Gray(0), new Gray(255)).Dilate(1).

Systen.Drawing. Inage phyInage = temp.ToBitnap(); // conver to bitmap inage
BitnapInage bi = new BitmapInage();

b, BeginInit();

HenoryStrean ms = new MemoryStrean();

pyImage. Save(ns, System.Drawing.Inaging.InageFornat.Bup);

s.Seek(0, Seekrigin.Begin);

bi.StreanSource = ms;

bl,EndInit();‘

ing_binary.Source = bi;

ingBinary = temp;

Fig 8. Image analysis determines mango contour to calculate volum

V. CONCLUSION

This study described the method and terminology of
several of tolls that are used for image processing and
analysis in sorting and classification of mangoes based on
Artificial Intelligence. The digital image processing is
required firstly to preprocess the data of mango images into
a format from which features can be extracted, and secondly
to extract and measure these features (Fig 9).

The mango images used in this study for sorting and
blemish detection are obtained using a CCD camera. Once
shape have been extracted from the mango profile images
and applied to artificial neural network that is used to
combine shape features to form volume estimates for the
corresponding mango. The testing method used on ANN
and other function approximation methods are explained in
this paper.

Eventually, the features are to be combined to form a
volume estimate of fruit from whose image thay are
extracted and measured.

In one of its simplest forms, function approximation is
determination of a linear regression equation based on a set
of data. This linear relationship is a model for between
weight and volume, since one would expect that the volume
of mango would be directly proportional to its weight,
because mango density is usually almost constant within a
same quality. A model must be formed from knowledge of
understanding of source of the data. As it is known that
mango density increased with the volume, then the quality is
better and the mango is sweet (Based on regression equation
of weight and volume). ANN can be seen as a form of
regression equation which can model arbitrary continuous
functions where an explicit model relating the functional
form of the output to the inputs is known. The first stage in
the computer processing of the digital images from camera
is to form separate image files of mangoes. This is necessary
since locating the mango within the large image would be
very computationally expensive. From these resized images,
the grey-scale images are formed from the sum of the red
and green bands less twice the blue band. Next, the grey-
scale images are threshold to form binary images. The
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Fig 9. Model of mango classification system using image processing
technology and artificial intelligence

threshold value is simply found based on experiments for
each type of mango (with reference to several image
histograms). The mango images are calibrated for size by
using images of ellipse.
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Mango sorting mechanical system combines
image processing

Nguyen Duc Thong, Nguyen Truong Thinh, Huynh Thanh Cong

Abstract—The work of sorting and packing commercial
mangoes requires a lot of labor and the methods used by farmers
and distributors to classify commercial mangoes are through
traditional quality inspection using the eye. Time-consuming and
less efficient or some non-specialized machines and results in low
productivity, high costs, sorting out different types of mangoes is
relatively costly. The use of a smart mango classification system
requires high response speed and equipment stability to reduce
production costs, reduce labor costs, and increase the automation
level of production lines. Mango with the advantage of high
stability and unlimited working time. Researching techniques of
image processing, collecting and building a database of images of
a number of mango fruits in Vietnam; studying the approaches
and techniques for assessing the quality of mango fruit, checking
the surface of mango fruit with deep, wilted, spongy, deformed
mangoes, ripening on mango firuit. Mango classification system
using image processing combined with artificial intelligence
including using CCD camera, C programming language,
computer vision and artificial neural network in the problem of
classifying mango fruit or not qualified.

And above all, the main goal is to design and manufacture the
control system of mango classification system based on image
processing technology, computer vision combined with artificial
intelligence with high productivity, compact, easy to use, easy to
classify mangoes and can classify other agricultural products in
Vietnam and the world.

Index Terms—The classification of mango,; Sorting of Mangoes,
Image processing technology; Artificial intelligence; Computer
vision, Artificial neural networks.

1. INTRODUCTION

Although the classification of products has appeared for a
long time in the field of agricultural products, but until now,
there has not been a specialized system for the classification
of mangoes. The process of surveying and accessing farm
households and finished mango production facilities in all
localities showed that classification of mangoes is mainly
manual and a few types of machines that support amateur
classification use. So achieving low productivity, increasing
costs. Surveying some of the currently used automatic or
semi-automatic agricultural classification systems in the
world can be designed and made into a mango classification
system. The application of optical images to recent
postharvest quality control has been researched and is being
conducted to find a way to estimate internal properties or to
detect external damage.

Research and application of high-tech machinery in the
process of producing agricultural products on the one hand
reduce human labor, reduce costs, and otherwise meet high
standards of food safety and hygiene in Processing in
fastidious markets requires high quality. Actual test of mango
classification process to determine some basic parameters of
mango species, statistics of common weight size of mango
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varieties, testing the principle of the most feasible mango
classification method... The proposed design of mango
classification system includes stages such as: Color
processing to classify damaged mango, calculate volume and
measure volume to determine density to classify mango
according to quality. The simple mango classification system
design is easy to manufacture in the country and is most
effective to best meet practical needs and low cost.

Currently mangoes are classified by color, volume, size
and shape. The quality of the mango fruit is only predicted by
the eye of the classification and has not been studied for
application. Case studies of mango classification such as
Machine vision-based maturity prediction system for
harvested mango classification [1] proposed a machine-based
system to classify mangoes by predicting levels maturity to
replace manual classification system. Prediction of ripeness
was made from video signals collected by a CCD camera
placed above the mango conveyor belt. The recursive feature
removal technique combined with the vector-based support
(SVM) classifier is used to identify the most relevant features
of the original 27 selected features. Finally, optimal
aggregation of the number of reduced features is obtained and
used to classify mangoes into four different types according
to maturity level; Tomas U. Ganiron Jr developed a size-
based mango classification system using image analysis
techniques [2]. This empirical study aims to develop an
efficient algorithm to detect and classify mangoes. Using the
obtained image, the features of the mango are extracted and
used to determine the mango layer. The characteristics of the
extracted mango are perimeter, area, roundness and defect
rate; The mango classification system uses machine vision
and Neural network [3] as a system that can classify ripe or
unripe mangoes. The method used to carry out this study was
split into several steps: object identification, algorithm
development, implementation and evaluation. This system is
implemented in C, Computer Vision and ANN (artificial
neural networks) so that the system can detect the color of the
ripe or unripe mangoes; The research team in Malaysia [4]
proposed and implemented fuzzy logic algorithms and
algorithms using digital image processing, predefined
content analysis and statistical analysis to determine real
estate export of local mangoes in Perlis - Malaysia. This study
is to design and develop an efficient algorithm to detect and
classify mangoes at 80% accuracy compared to human
classification. All studies are mostly done in laboratories,
with certain results in the exploitation of specific
classification features, with a high classification result in
color, volume and size. However, the quality of the mango
has not been assessed, but it has been put into practical
applications. The studies [6 - 12] mentioned the application
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of image processing and artificial neural networks
with different treatments for fruits, vegetables, fruits
and other foods and for certain results in research
assist.

II. METHODS AND TECHNIQUES USED TO STUDY

Regarding the volume of mangoes, depending on the type
of commercial mango, the volume of mango is prescribed
according to the international standard (Tolerance in size: For
all grades, allow 10% of the number or volume of fruits
(higher and / or lower) in each package to be outside the size
range of the class with 50% difference. Maximum allowed
for that group. In the smallest size range, the weight of mango
should not be less than 180 g and for the type in the largest
size range the maximum volume of 925 g can be applied as
follows, Table 1). In addition, depending on the type of
market, each region where the volume of mango can be
accepted. In terms of size, mango shape is also strictly
regulated. The basic mango is considered in the left volume,
calculated for the length, width and height of the mango. The
roundness of the fruit is considered when most mangoes are
in elliptical form.

Bruising or damaged bruises on mangoes often appear on
all sides of the mango stem, often appearing and more
pronounced than in the left stalk. Depending on the level or
percentage of damage on the fruit, it is arranged according to
the quality standards of mango, strictly regulated by
international standards. This is an important feature of
mangoes in the classification process to make their
classification.

In addition to mango bruises to determine mango quality,
the most important factor to determine mango quality is the
proportion of mangoes. The proportion of mangoes is also
understood as the maturity or age of mangoes, it is related to
the date of harvest of mangoes. According to international
standards, currently the proportion of mangoes ranging from
1.0 to 1.1 is the best quality mango. And currently this factor
has not been studied because it is difficult to handle mangoes
to determine the density, so this study will be mentioned to
solve this problem.

The study was conducted through the following steps:

1) Identify research issues from the actual situation,
survey how to classify mangoes at home and abroad.

2) Learn the local mango assessment and classification
criteria.  Develop  classification = methods, arrange
classification stages accordingly based on actual surveys.

3) Build algorithms, calculation methods so that the error
is the lowest and the efficiency is the highest.

4) Begin implementation of local design, manufacturing,
empirical evaluation and testing.

Determine the weight of mango we use Loadcell sensor
placed on the input conveyor. Here the system will classify
mango according to the volume of each selected mango
variety. To determine color, size, shape as well as volume and
percentage damage mango we use mango camera and
application of image processing technology. The shooting
process involves capturing a color image (RGB) and
performing a depth measurement (D), which is combined in
different ways to form other colors on a pixel, the intensity of
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Each color can vary from 0 to 255 and produce 16,777,216
different colors. Image sensors combined with depth sensors
are located close to each other, allowing merging maps,
producing 3D images. RGB-D image information is stored.
With the distance from the camera to the conveyor is
constant, the real size of the length, width, and height of the
mango is measured by clamp. Then count the number of
pixels corresponding to each of these dimensions. We choose
1280 x 960 pixels, 12 frames per second and 640 x 480 pixels,
taking 30 frames per second to handle mango volume and

defect detection.
TABLE I. THE MANGO IS GRADED FOR EACH GRADE, THE NUMBER, TYPE
AND SIZE OF DEFECTS THAT ARE PERMISSIBLE

Size Permission range
Standard range Error
code (<10 % each/package)
A From 200 to 350 From 180 to 425 112,5
B From 351 to 550 From 251 to 650 150
C From 551 to 800 From 426 to 925 187,5

III. MECHANICAL SYSTEMS FOR SORTING MANGOES

Principle of operation: The structure of the mango
classification model (according to Global GAP standard)
consists of 4 parts combined, mounted on the same fixed
frame and arranged in partial order as follows (Figure 1):

1) Conveyor with shooting chamber to process color
images, find out shape defects and calculate mango volume.

2) The wiper mechanism eliminates those that do not meet
the shape requirements.

3) Conveyor belt containing Loadcell to calculate the
weight of each mango.

4) Conveyors have a classification mechanism used to
classify mangoes into categories.

Conveyed mango fruit brought to a conveyor mounted on
a conveyor. In the shooting chamber, there are 2 cameras for
color image processing to find defects on the mango fruit
surface such as: black spots, bruises, bruises, and shape
defects such as: waist, damaged broken... The fruit does not
meet the color requirements, the shape will be removed by a
push mechanism, and the camera will also conduct a scan of
the mango fruit (length, width, height) to calculate the
volume of the mango. After that, the mango fruit that meets
the requirements of color shape will be taken to the 2nd
conveyor section to conduct the volume calculation. Here,
there is 1 Loadcell of 2kg attached below the conveyor. When
the mango fruit comes here, Loadcell will weigh, returning
the real weight of the mango. Finally after obtaining data on
volume and volume based on Global GAP mango
classification criteria to classify structure (lever) to classify
mangoes into different types as required (3 types).

The mango classification system will handle features
such as color, volume, size, shape, defects and especially the
density of mangoes. When determining mango volume with
Loadcell sensor, mangoes will be taken with 2 cameras in the
shooting chamber with the appropriate light intensity from
the light bulb. The shooting angles of the mango are random
so that the mango fruit image is completely visible.
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Figure 1. Principle of operating mango classification model

The design of the mango conveyor belt must match the
camera's shooting angles because otherwise the image will
not take the mango position and process the image to classify
the bruises as inaccurate. The operation system is integrated
to handle each stage and combination of stages to handle
color, volume, size, shape, density and percentage of defects
(Figure 1). The system to be built must include:

1) System with shooting chamber to process color images,
find shape defects and calculate mango volume.

2) Loadcell system to calculate the weight of each mango.

3) The system has a wiper mechanism that eliminates
unsatisfactory fruits, size, shape.

4) The system has a classification mechanism used to
classify quality of mangoes into trade items.

Building the principle of operation of mango classification
model using artificial intelligence: Conveyed mango fruit
brought to the conveyor mounted on the conveyor. In the
shooting chamber, there are two cameras for color image
processing to find defects on the mango fruit surface such as:
black spots, bruises, bruises, and shape defects such as waist,
damaged broken, the fruit does not meet the color
requirements, the shape will be eliminated, and the camera
will also scan the mango fruit (length, width, height) to
calculate the volume of the mango. After that, the mango fruit,
which meets the requirements of color shape, will be taken to
the second conveyor to conduct mass calculations (Figure 2).

Mango after passing through the image processing area to
the wiper, here is attached an infrared sensor to detect objects.
After receiving the PLC control signal to return the sensor
activation, the sensor detects that the mango will return the
signal back to the PLC so that the PLC controls the
mechanism of pushing (cylinder) to proceed to dismiss the
left. does not meet the criteria of the conveyor belt (into the
container located in front of the cylinder) (Figure 3).
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Figure 2. Brushing mechanism (eliminating broken fruit)

Table 1 can be easily converted into a rule-based expert
system. For better results, fuzzy rules can be employed to
emulate expert human graders more closely. The
segmentation method adopted is based on standard image-
processing functions and consists of three stages. Before
segmentation, two images of the two surfaces being inspected
is acquired using the image from above and beneath the
mango. These images contain some features caused by
classifications.

Figure 3. Executive structure of automatic mango classification system

The arrangement of light sources significantly affects the
image obtained, so the preferred lighting conditions are as
follows (Figure 4): Samples are illuminated by two 5w bulb
led lights and Lamp placement is arranged as shown below.

Through experiments, it is shown that the location of the
above lighting fixtures will not create black shadows that
disturb the image and the light intensity does not make the
surface of the mango too dazzling, making it easier to identify
defects.
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Figure 4. Diagram of lighting layout

The mangoes are rarely perfect spheres, most mangoes are
either long (D<L). A simple way to account for variation in
mango shape is to use the ratio (R)of length to diameter:
R=L/D. Corrected mango volume will, therefore, have the
following equation [5]:

V,=V,+V,(KR-1) 0

Where Vp is the corrected mango volume, and K is a
shape factor that varies with fruit type. After development
and rearrangement of Eq. 1, the following equation is
obtained:

V, =1.1D°Lx/6

With D and L in cm and Vp in cm’.

All of the shape features apart from area are invariant to
size, since they are measured from profile images normalised
to unit area. Since none of the shape features shows any
significant correlation with volume (as opposed to K), and
since the effects of projection are small, any set of features
from a profile image of a corresponding mango can be easily
mapped to a new set of features corresponding to the same
piece.

2

IV. EXPERIMENTS AND DISCUSSIONS

The mechanism for removing left-handed left
unsatisfactory: Mango after passing through the image
processing area to the wiper, here is attached an infrared
sensor to detect objects. After receiving the PLC control
signal to return the sensor activation, the sensor detects that
the mango will return the signal back to the PLC so that the
PLC controls the wiper (cylinder) mechanism to dismiss the
does not meet the criteria of the conveyor (into the container
located in front of the cylinder) (Figure 5).

Based on the average mass of Chu and Cat Hoa Loc
mango and in the experimental process, we see the largest
volume that mango fruit can reach is: m,,,,, = 7509, so we
have:

Prango = m.g = 0,75.10 = 7,5 (N)
To choose: g = 10 (m/s?)
= F, > Prango + F. tgp
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= F, > Prango © F, > 7,5 (N)
- p =6 bar = 6,1183kgf/cm’
-F=75N=0,75kg

F.4 0,75.4
= dyi1gnn = p_Tl' = 61183.7 = 0,41 (cm)

— Choose: dy; jgnn = 5 mm

The cylinder stroke length is 200 mm (conveyor width r
= 180 mm) to ensure the cylinder can completely push the
mango out of the conveyor.

\

Loadcell

Figure 5. Diagram of force distribution in the rupture unit

Actual weight of mango: m =m1 + m2

Where: - m1 is the mass fraction that is lost due to elastic force
(equal to the tension of the conveyor belt at the time of
consideration), m2: the volume that the loadcell reads.

uppose the conveyor is evenly stretched with elastic force:

Fan=K.AL; With K (N / mm) is the elastic coefficient: K= ?
0

In which: E is the elastic modulus of the conveyor;
S is the conveyor section; ly conveyor belt length considered

Al mm is the extension of the conveyor. At the time the

conveyor is running smoothly at velocity v (mm / s).

When there is a load (mango), the conveyor falls down a
segment a. We consider the conveyor at point D tangent to the
mango (Figure 6).
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Figure 6. Force analysis for mango volume calculation
According to the law of Newton 2 we have:
Py+ YT, =0;

.yn To_yn n
I analyze: Zi:l T, _Zizl Toxz + Zi:l TOyz

Consider the Oxz axis: Assuming there is no load at first
(mango), the conveyor is stretched to 1 section Al by
conveyor traction Fi=F4=T = KAl; With T (N) is the tension
at B when the conveyor runs at speed v (mm / s);

1000P (N); With P(w) capacity B axis; P = Fac_.

Fk: v NxTol
To choose ,=0.97 ; n,,=0.99

Since the conveyor is evenly stretched, we consider at point
C is 1 paragraph x away from A, then the elastic force is Fyp,

, Fano : Fan1 = Fanz

Suppose the loadcell is 1 paragraph a (mm) from the
conveyor. Then position C becomes D as the conveyor
stretches T;’T,” and stretches Al;” Al,’; With T;’=K,Al;’ ;
Ty’ =KbAl, ; a is the right angle by T’ va T’

Consider balance at the point D:
Py =Ty + Ty,

For al 1; K; F; a fixed we always have the dependence of m
on x according to the following graph.
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- Graph of the relationship between m and x
«10°

0 L =L 0096500 &L

150 200 250 300
x(mm)

a=1;

L=300;

K=30000; %N/mm

F=5;

g =9.80665; % |u/s2
x=linspace (0,300,31);
K1=K.*L./x;

K2=K.*L./ (L-X);
m=sqrt(x.”2+a.”2);
n=sqgrt ( (L-x)."2 +a.”2);
dl=m- (L-F./K) .*x./L ;
d2=n- (L-F./K) .* (L-x) ./L ;

C=(x."2 + a.”2 -x.*L)./(m.*n);

2=(K1.*dl)."2 + (K2.*d2).”2 + 2.*Kl.*dl.*(K2.*d2).*C;
y=(sqgrt(P2)).*1000./g;
plot(x,y,'ro',X%,y,'g-"):
grid on ;
xlabel ('x(mm) ')
ylabel ('

title('Do th

Figure 7. Graph of the relationship between m and x-axis and Code matlab

The result is taken into Excel to calculate, we see the
relationship between the two original mass quantities and the
weight on the conveyor have linear relationship with the first
equation (Figure 7):

“y=ax+Db”

In which: y is the volume of mango fruit to be calculated
x is the weight of the weight when weighing the conveyor
a, b is the coefficient

coefficients a and b are determined by SLOPE functions (find
coefficient a), INTERCEPT (find coefficient b). Order to
determine:

a = SLOPE (y values, x values) = 1.060952497

b = INTERCEPT (y values, x values) = 63.01837755
The equation to look for:
y =1,060952497.x + 63,01837755 (3)

From the newly found equation, we build the block in the
PLC to calculate the exact volume. We have wrong results
(Table 2).
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TABLE II. THE ERROR TABLE BETWEEN THE WEIGHT OF MANGOES
CALCULATED BY THE EQUATION AND THE ACTUAL VOLUME

n(zrrr?l:;r Actl}al volume VO?ﬁZtii)iic(l;?rf)d by Error (%)
weight (gam)

1 410.4543 412.6726 -2.21827
2 469.9725 469.1009 0.8716
3 323.1496 321.4804 1.6692
4 551.0186 550.2169 0.8017
5 442.9044 441.2227 1.6817
6 432.1404 432.4907 -0.3507
7 451.4862 453.1468 -1.6604
8 399.6903 398.9014 0.7889
9 393.7589 395.3746 -1.6153
10 469.9725 469.9407 0.0318

Volume of mango using Camera — RGB:

Find size via Camera: Photos obtained from cameras are
RGB color images we need to convert to gray images to
manipulate more easily. In the model using additional
shooting chamber to increase the ability to receive images
and separate fonts more easily. Flowchart, algorithm of
mango classification model by color, volume and volume
(Figure 8).

false
e true image processing camera
start — e =—*|  and volume calculator
false \
sensor detect false
mango save volumetric e ed
value into array
(Loadcell)
true
= dismissed
volume calculation
v
false . false
density < 300<density
300 <600
l true
classification classification classification

cylinder 1 cylinder 2 cylinder 3

h¢

v

Finish

Figure 8. Flowchart of mango classification model according to color,
volume and weight

A good lighting system should be provided uniformly in
terms of lighting conditions, shooting space, radiation
conditions ... to prevent shadow formation of the sample and
cause color interference. The quality of the captured image is
much decided on the result of the identification, then the
image must be stored in a format that is consistent with the
later processing steps, the resulting image is in two
dimensions (Figure 9).
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Figure 9. Shooting box and layout light to cameras

Program to control and declare input and output of the
classification system is logically connected, suitable to the
operation of each part and details in the image processing
system and diagrams for connecting PLCs, sensors, cylinders
(Figure 10). The sensor, cylinder, PLC... signals are
connected through Figure 11.

Numb Name P Note

1 Xy lanh 4 Q0.2 class 3 cylinder

2 Xy lanh 3 Qo0.3 class 2 cylinder

3 Xy lanh 2 Qo0.4 class 1 cylinder

4 Xy lanh 1 Qo0.5 dismissed Cylinder

Numb Name IP Note

1 CB1 10.0 Image processing sensor
2 CB2 10.1 Sensor removes damaged fruits
3 CcB3 10.2 Weight sensor Loadcell
4 CBT 1 10.3 Magnetic sensor get rid of broken fruits
5 CBT 2 10.4 Magnetic sensor in class 1 cylinder
6 CBT 3 10.5 Magnetic sensor in class 2 cylinder
7 CBT 4 10.6 Magnetic sensor in class 3 cylinder

Figure 10. Input and Output address table of PLC

First we know that in most mangoes there will be a certain
color threshold. So we will adjust the threshold and begin to
turn gray image so that the resulting image has background
and mango are 2 separate color values. Here the topic
threshold is set at 135, the threshold of mango ranges from
140-255. When we have the pixel size and also the size of the
pixel, we just need to multiply it, we get the real size of the
mango (Figure 12).
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Figure 11. Diagram connecting PLC, sensor, cylinder

Calculating mango volume: We rely on the dependent
equation found in the method and the actual size found.
Replace the equation to calculate the corresponding volume.

VoLuME

®

Figure 12. Results obtained after determining mango size

The result of mango volume is obtained by calculating
statistical method by size using RGB Camera: Above
Loadcell is arranged with an infrared sensor to detect objects.
When the mango fruit goes to the sensor to return the signal
to Visual, at the same time, the bottom Loadcell also weighs
the value of the mango at 10ms.

The result is taken into Excel to calculate, we see the
relationship between the two original mass quantities and the
weight on the conveyor have linear relationship with the first
equation (Figure 13):

y=ax+b

In which: y is the volume of mango fruit to be calculated
x is the weight of the weight when weighing the conveyor
a, b is the coefficient

coefficients a and b are determined by SLOPE functions (find
coefficient a), INTERCEPT (find coefficient b). Order to
determine:

a = SLOPE (y values, x values) = 1.060952497
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b = INTERCEPT (y values, x values) = 63.01837755
The equation to look for: y = 1,060952497.x + 63,01837755

From the newly found equation, we build the block in the
PLC to calculate the exact volume. We have wrong results:
Average error of acceptable errors: Reasonable equation.

In particular, when determining the mass, volume and
density of computation compared to the original elements of
mango and comparison chart, we get quite stable and
acceptable results Table 2 and Figure 13 (units of dimension
of mango are mm, volume is ml).

A diagram of the relationship between actual mass and conveyor weight

A diagram of
the relationship
between actual
mass and
conveyor weight

100 200 , v 300 400
Axis Title

Figure 13. Chart of relationship between actual weight and conveyor
weight

First experiment on mangoes with actual results as
follows:

Convert RGB color image to gray level image: RGB color
model, using additional models in which red, green and blue
light are combined together in many different ways to form
other colors on a pixel, the intensity of each color can change
from 0 to 255 and create 16,777,216 different colors. To
convert RGB images to grayscale images using functions in
OpenCvSharp: Cv2.cvtcolor (); (Figure 14a).

RGB color image

Figure 14a. Convert RGB color image to gray image

Gray image

Image segmentation: Image binary is the process of
converting gray images into binary images. Binary images
are images where the values of pixels are represented only by
two values: 0 (Black) and 255 (White) (Figure 14b).

Gray image

Figure 14b. Convert gray image to binary
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Detection of defects and calculation of defect areas:
Contour algorithm: Contour is the algorithm used in
image processing to separate, extract objects, enabling
the following processing to be accurate (Figure 14c).

Figure 14c. Contour limit algorithm

Classification based on area of disability. Calculate
approximately the area of a pixel.

Classification: Find the largest area of disability if the
disability area is larger or the area of the disability is larger
than the area where each disability area has a larger disability
area than allowed, mangoes are removed (Figure 14d).

Figure 14d. Number of disability areas found
Results of measuring the actual size of a sample mango

and the corresponding number of pixels (Figure 14e):

L

Figure 14e. Calculate approximately the area of a pixel
Length (L): 13.69 cm - 426 pixels
Width (R): 8.51 ¢cm - 281 pixels
Height (H): 7.28 cm - 258 pixels

The above word calculates approximately the area of a pixel:

1369 _ 851
—— x —— = 0,09732 mm?
4260 ~ 2810

Determine the area of the mango image obtained from the
binary image (borders), determine the length, width and
height from this image. Applying formula (1), (2) and
Dependency equation between size and volume (3), we
deduce the corresponding mango volume.

Each type of fruit has its own unique profile, and for each,
they will correspond to a certain profile. Mango has the same
common profile, quite similar to Elipson. With this method,
we use the length and width of each mango to calculate the
corresponding volume (Figure 15).
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Figure 15. Image analysis determines mango contour to calculate volume

V. CONCLUSION

Calculated, designed to complete the mango classification
system using computer vision combined with artificial
intelligence. Calculated and established the equation for
calculating the volume and volume of mango as well as
initially identifying the image collected from mango to
classify according to the bruises (damage) of mango
(combining artificial intelligence ). This is necessary because
mango positioning in image processing will be very difficult
in terms of calculations. From the mango classification
system model using computer vision combined artificial
intelligence can develop into a mango classification system
using computer vision combined with large-scale artificial
intelligence.

The development and application of image processing and
computer vision systems in detecting fruit surface defects in
the agricultural sector is growing. Monitoring and detection
of defects are becoming an important issue in mango
classification. Recognizing mango surfaces is an important
indicator of the recognition of quality.

This study described the method and terminology of
several of tolls that are used for image processing and
analysis in sorting and classification of mangoes based on
Atrtificial Intelligence. The digital image processing is
required firstly to preprocess the data of mango images into a
format from which features can be extracted, and secondly to
extract and measure these features.

The fluctuation of mango fruit quality in the market is
huge. The best harvesting time for fruit quality depends on
many factors including Cat Hoa Loc mango and Cat Chu
mango in Vietnam for the best quality when having density
from 1.00 -1.02. Fruits are classified by machine vision
techniques and artificial intelligence is more uniform in
quality than the left harvest by age and market.

The mango images used in this study for sorting and
blemish detection are obtained using a CCD camera. Once
shape have been extracted from the mango profile images and
applied to artificial neural network that is used to combine
shape features to form volume estimates for the
corresponding mango. Eventually, the features are to be
combined to form a volume estimate of fruit from whose
image thay are extracted and measured.

In one of its simplest forms, function approximation is
determination of a linear regression equation based on a set
of data. This linear relationship is a model for between weight
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and volume, since one would expect that the volume

of mango would be directly proportional to its weight,

because mango density is usually almost constant

within a same quality. A model must be formed from
knowledge of understanding of source of the data. As it is
known that mango density increased with the volume, then
the quality is better and the mango is sweet (Based on
regression equation of weight and volume). ANN can be seen
as a form of regression equation which can model arbitrary
continuous functions where an explicit model relating the
functional form of the output to the inputs is known. The first
stage in the computer processing of the digital images from
camera is to form separate image files of mangoes. This is
necessary since locating the mango within the large image
would be very computationally expensive. From these
resized images, the grey-scale images are formed from the
sum of the red and green bands less twice the blue band. Next,
the grey-scale images are threshold to form binary images.
The threshold value is simply found based on experiments for
each type of mango (with reference to several image
histograms). The mango images are calibrated for size by
using images of ellipse.

When using artificial intelligence to determine the quality
of mangoes including the components of mango fruit, we can
classify them without affecting the bad value to the quality of
mangoes, related to human health. Solving problems in
mango classification system combining computer vision and
artificial intelligence will help develop smart mango
classification system with commercial scale.

REFERENCES

[1] Chandra Sekhar Nandi, Bipan Tudu, and Chiranjib Koley, Computer
Vision Based Mango Fruit Grading system, International conference
on Innovative Engineering Technologies (ICIET’2014) Dec. 28-29,
2014 Bangkok Thailand.

[2] Tomas U. Ganiron Jr. Size Properties of Mangoes using Image
Analysis, International Association of Engineers (IAENG) South
Kowloon, Hong Kong, International Journal of Bio-Science and Bio-
Technology Vol.6, No.2 (2014), pp.31-42.

[3] Emny Harna Yossya, Jhonny Pranataa, Tommy Wijayaa, Heri
Hermawana, Widodo
Budihartoa, Mango Fruit Sortation System using Neural Network and
Computer Vision , 2nd International Conference on Computer Science
and Computational Intelligence 2017, ICCSCI 2017, 13-14 October
2017, Bali, Indonesia.

[4] Tajul Rosli B. Razak, Mahmod B. Othman, Mohd Nazari bin Abu
Bakar, Khairul Adilah bt Ahmad4, Ab Razak Mansor, Mango Grading
By Using Fuzzy Image Analysis, International Conference on
Agricultural, Environment and Biological Sciences (ICAEBS'2012)
May 26-27, 2012 Phuket.

[5] Mathieu Ngouajio, William Kirk, and Ronald Goldy, A Simple Model
for Rapid and Nondestructive Estimation of Bell Pepper Fruit Volume,
Hort Science 38(4): 509-511, 2003.

[6] Ms. Seema Banotl, Dr. P.M. Mahajan, A Fruit Detecting and Grading
System Based on Image Processing-Review, International Journal Of
Innovative Research In Electrical, Electronics, Instrumentation And
Control Engineering Vol. 4, Issue 1, January 2016.

[71 Keyvan Asefpour Vakilian, Jafar Massah, An Apple Grading System
According To European Fruit Quality Standards Using Gabor Filter
And Artificial Neural Networks, Scientific Study & Research
Chemistry & Chemical Engineering, Biotechnology, Food Industry
ISSN 1582-540X, 2016.

[8] Jasmeen Gilll, Akshay Girdhar and Tejwant Singh, A Hybrid
Intelligent System for Fruit Grading and Sorting, International Journal
on Computer Science and Engineering (IJCSE).

doi: 10.1109/ICCMA46720.2019.8988714 341

[9] Baohua Zhang, Wengian Huang, Jiangbo Li, Chunjiang Zhao,
Shuxiang Fan, Jitao Wu, Chengliang Liu, Principles, developments and
applications of computer vision for external quality inspection of fruits
and vegetables, Food Research International 62 (2014) 326-343.

[10] Amir Alipasandi, Hosein Ghaffari, Saman Zohrabi Alibeyglu,
Classification of three Varieties of Peach Fruit Using Artificial Neural
Network Assisted with Image Processing Techniques, International
Journal of Agronomy and Plant Production. Vol., 4 (9), 2179-2186,
2013 ISSN 2051-1914 ©2013 VictorQuest Publications.

[11] M. Khojastehnazhand, M. Omid and A. Tabatabaeef, Development of
a lemon sorting system based on color and size, African Journal of
Plant Science Vol. 4(4), pp. 122-127, April 2010 ISSN 1996-0824 ©.

[12] M. Rokunuzzaman, and H. P. W. Jayasuriya, 2013, Development of a
low cost machine vision system for sorting of tomatoes, Agric Eng Int:
CIGR Journal, 15(1): 173-180.

AUTHORS

Nguyén Truong Thinh, thinhnt@hcmute.edu.vn,
0903675673.
Engineering creates machines Ho Chi Minh City

Dean of Faculty of Mechanical

University of Technology and Education.

Associate Professor. Ph.D, Senior lecturer, Main

research areas: mechatronics.

The research projects in the fields of authors can be found on the search

engines of the world science.

Nguyén Direc Thong, ndthong@dthu.edu.vn,

0933211113. Lecturer in Physics Pedagogy - chemistry
- biology_Dong Thap University.

Master of Science, Lecturer, Main research areas:

mechanical engineering.

Studying a doctorate in mechatronics engineering at Ho Chi Minh City
University of Technology and Education.

Huynh Thanh Céng, htcong@hcmut.edu.vn,

0907747138. Dean of traffic engineering_Bach Khoa Ho
Chi Minh City University.

Associate Professor. Ph.D, Senior lecturer, Main research

areas: mechanical dynamics.

The research projects in the fields of authors can be found on the search

engines of the world science.



International Conference on Control, Mechatronics and Automation, 10 September 2019

Mango classification system based on machine vision

and artificial intelligence

Nguyen Duc Thong, Nguyen Truong Thinh, Huynh Thanh Cong

and Nguyen Tran Thanh Phong

Abstract—Sorting and Classification of mango, there are
different colors, weights, sizes, shapes and densities.
Currently, classification based on the above features is
being carried out mainly by manuals due to farmers'
awareness of low accuracy, high costs, health effects and
high costs, costly economically inferior. The internal
quality of the mango such as sweetness, hardness, age,
brittleness... is very important but is only estimated by
external or human-perceived evaluation. Therefore, it is
necessary to use artificial neural networks to solve this
problem. This study was conducted on three main
commercial mango species of Vietnam to find out the
method of classification of mango with the best quality and
accuracy. World studies of mango classification according
to color, size, volume and almost done in the laboratory but
not yet applied in practice. The quality assessment of
mango fruit has not been resolved. Application of image
processing technology, computer vision combined with
artificial intelligence in the problem of mango
classification or poor quality. The goal of the study is to
create a system that can classify mangoes in terms of color,
volume, size, shape and fruit density. The classification
system using image processing incorporates artificial
intelligence including the use of CCD cameras, C language
programming, computer vision and artificial neural
networks. The system uses the captured mango image,
processing the split layer to determine the mass, volume
and defect on the mango fruit surface. Especially,
determine the density of mangoes related to its maturity and
sweetness and determine the percentage of mango defects
to determine the quality of mangoes for export and
domestic or recycled mangoes.

Index Terms—The classification of mango; Sorting of

Mangoes; Image processing technology,  Artificial

intelligence; Computer vision; Artificial neural networks.
I. INTRODUCTION

The process of grading mango in Vietnam and the
world is being carried out mainly by the direct labor of
farmers. In the process of surveying and accessing
some agricultural classification systems, the mango
classification system on the market is not available in
Vietnam. So achieving low productivity, increasing
costs. Surveying some of the currently used automatic
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or semi-automatic agricultural classification systems
can be designed and made into a mango classification
system. Research and application of high-tech
machinery in the process of producing agricultural
products on the one hand reduce human labor, reduce
costs, and otherwise meet high standards of food safety
and hygiene in Processing in fastidious markets
requires high quality.

The proportion of fruit is considered as a mature
indicator of mango fruit. The ripe fruit is submerged in
the water while the fruit is alive. Fruit with density
greater than 1.00 are submerged in water due to high
content of dry matter in the fruit, while fruits with
density less than 1.00 are floating in the water.

The fruit size index = (wide * thick) / long)

on Cat Hoa Loc mango (Vietnam) is strongly
correlated with fruit density. Similarly, fruit density,
dry matter weight and sugar content are correlated but
not correlated with neutralizing acid. Analysis of
quality criteria: Brix, dry weight, sugar content, starch
content of live fruit, hardness measurement, density,
color, fruit weight, sugar content, pH of fruit flesh to
determine determine the best quality of mango.

Mango is a very sensitive agricultural product and can
easily appear brown spots after being crushed during
post-harvest handling, transportation and marketing.
Testing of the fruit of this fruit used today cannot
detect lesions at an early stage of adulthood and so far
no automated tools are able to detect; studying the
approaches and techniques to assess the quality of
mango fruit, checking the surface of mango fruit with
deep, wilting, spongy, deformed mangoes, ripening on
mango fruit; application of image processing
technology, computer vision combined with artificial
intelligence in the problem of classifying mango fruit
with or without quality.

Currently mangoes are classified by color, volume,
size and shape. The quality of the mango fruit is only
predicted by the eye of the classification and has not
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been studied for application. Case studies of mango
classification such as Machine vision-based maturity
prediction system for harvested mango classification
[1] proposed a machine-based system to classify
mangoes by predicting levels maturity to replace
manual classification system. Prediction of ripeness
was made from video signals collected by a CCD
camera placed above the mango conveyor belt. The
recursive feature removal technique combined with the
support-vector machine (SVM) classifier is used to
identify the most relevant features of the original 27
selected features. Finally, optimal aggregation of the
number of reduced features is obtained and used to
classify mangoes into four different types according to
maturity level; Tomas U. Ganiron Jr developed a size-
based mango classification system using image
analysis techniques [2]. This empirical study aims to
develop an efficient algorithm to detect and classify
mangoes. Using the obtained image, the features of the
mango are extracted and used to determine the mango
layer. The characteristics of the extracted mango are
perimeter, area, roundness and defect rate; The mango
classification system uses machine vision and Neural
network [3] as a system that can classify ripe or unripe
mangoes. The method used to carry out this study was
split into several steps: object identification, algorithm
development, implementation and evaluation. This
system is implemented in C, Computer Vision and
ANN (artificial neural networks) so that the system can
detect the color of the ripe or unripe mangoes; The
research team in Malaysia [4] proposed and
implemented fuzzy logic algorithms and algorithms
using digital image processing, predefined content
analysis and statistical analysis to determine real estate
export of local mangoes in Perlis - Malaysia. This
study is to design and develop an efficient algorithm to
detect and classify mangoes at 80%
compared to human classification. All studies are
mostly done in laboratories, with certain results in the
exploitation of specific classification features, with a
high classification result in color, volume and size.
However, the quality of the mango has not been

accuracy

assessed, but it has been put into practical applications.
The studies [6 - 12] mentioned the application of image
processing and artificial neural networks with different
treatments for fruits, vegetables, fruits and other foods
and for certain results in research assist.

The study, design and manufacture of mango
classification system to control and evaluate the
quality of mango fruit (according to GAP standards)
before being packaged and exported to the market:
mangoes are harvested at the right level. ripening, size,
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shape, eliminating fruits withered, deep, deformed.
More specifically, "the application of computer vision
and image processing technology combined with
artificial intelligence to identify patterns and evaluate
the quality of mango fruits" in order to enhance
automation in agricultural production in our country.

II. METHODS AND TECHNIQUES USED TO
STUDY

Apart from the characteristic color, weight, size, shape
and bruises damaged to determine mango quality, the
most important factor to determine mango quality is
the proportion of mangoes. The proportion of mangoes
is also understood as the maturity or age of mangoes,
it is related to the date of harvest of mangoes.
According to international standards, currently the
proportion of mangoes ranging from 1.0 to 1.1 is the
best quality mango. And currently this factor has not
been studied because it is difficult to handle mangoes
to determine the density, so this study will be
mentioned to solve this problem.

The shooting process involves capturing a color image
(RGB) and performing a depth measurement (D),
which is combined in different ways to form other
colors on a pixel, the intensity of Each color can vary
from 0 to 255 and produce 16,777,216 different colors.
Image sensors combined with depth sensors are
located close to each other, allowing merging maps,
producing 3D images. RGB-D image information is
stored. The study was conducted through the following
steps:

1) Identify research issues from the actual situation,
survey how to classify mangoes at home and abroad.
An overview of domestic and foreign studies,
understanding the existing mango classification
systems as well as a survey of the design and design of

mango classification system.

2) Learn the local mango assessment and classification
criteria. Develop classification methods, arrange
classification stages accordingly based on actual
surveys. Conduct an analysis of appropriate options,
less error-prone methods and best results. Design
classification model to meet the required objectives
set.

3) Build algorithms, calculation methods so that the
error is the lowest and the efficiency is the highest.
Begin implementation of local design, manufacturing,
empirical evaluation and testing.

III. VISION MACHINE FOR SORTING
MANGOES
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The mango classification system will handle features
such as color, volume, size, shape, defects and
especially the density of mangoes. When determining
mango volume with Loadcell sensor, mangoes will be
taken with 2 cameras in the shooting chamber with the
appropriate light intensity from the light bulb. The
shooting angles of the mango are random so that the
mango fruit image is completely visible. The design of
the mango conveyor belt must match the camera's
shooting angles because otherwise the image will not
take the mango position and process the image to
classify the bruises as inaccurate. When conducting
experiments, the first task is to design a mango
classification model that includes components and
operational structures based on the theory and
principles of operation of each section and the
combination of the distribution system species. The
operation system is integrated to handle each stage and
combination of stages to handle color, volume, size,
shape, density and percentage of defects (Figure 1).
The system to be built must include:

1) System with shooting chamber to process color
images, find shape defects and calculate mango
volume.

2) Loadcell system to calculate the weight of each
mango.

3) The system has a wiper mechanism that eliminates
unsatisfactory fruits, size, shape.

4) The system has a classification mechanism used to
classify quality of mangoes into trade items.

Building the principle of operation of mango
classification model using artificial intelligence:
Conveyed mango fruit brought to the conveyor
mounted on the conveyor. In the shooting chamber,
there are two cameras for color image processing to
find defects on the mango fruit surface such as: black
spots, bruises, bruises, and shape defects such as waist,
damaged broken, the fruit does not meet the color
requirements, the shape will be eliminated, and the
camera will also scan the mango fruit (length, width,
height) to calculate the volume of the mango. After
that, the mango fruit, which meets the requirements of
color shape, will be taken to the second conveyor to
conduct mass calculations. First, the harvested
mangoes are cleaned by using a washing solution, then
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sorted and sorted into commercial mangoes of
different types, this is the current stage sorted by hand.
Finally, the mangoes of each -classification are
packaged and transferred to customers.

Inspection Process

First, two images of front and back surfaces are
acquired using two cameras. Second, check areas of
the mango are found using segmentation modules,
each specialised in detecting a different type of feature.
Third, post processing is performed to remove false
objects and combine areas that represents the same
feature. Fourth, both object features and window
features are extracted from each located area. Fifth, the
features are passed to the neural networks and the
outputs of these networks are then combined using the
feature combination strategy to assign an overall class
to each region. Finally, the mango is graded, using a
set of rules, based on the feature type of each located
region. An example of a grading table is shown in
Table 1. The table shows for each grade, the number,
type and size of defects that are permissible.

Mangoes

Image acquisition using combined
front and back mango

v

Segmentation with convolution filters

v

Post-processing of the segmented
image via Al-based techniques

v

Feature extraction as: size, colour,
defect

v

Synergistic classification by feature
combination

v

Expert-system grading

v

Grade

Figure 1. Mango sorting process and developed system for mango
grading
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TABLE I. THE MANGO IS GRADED FOR EACH GRADE, THE NUMBER,
TYPE AND SIZE OF DEFECTS THAT ARE PERMISSIBLE

Permission range
Size
code Standard range (<10 % Error
each/package)
A From 200 to 350 From 180 to 425 112,5
B From 351 to 550 From 251 to 650 150
C From 551 to 800 From 426 to 925 187,5

This table can be easily converted into a rule-based
expert system. For better results, fuzzy rules can be
employed to emulate expert human graders more
closely. The segmentation method adopted is based on
standard image-processing functions and consists of
three stages. Before segmentation, two images of the
two surfaces being inspected is acquired using the
image from above and beneath the mango. These
images contain some features caused by
classifications.

The mangoes are rarely perfect spheres, most mangoes
are either long (D<L). A simple way to account for
variation in mango shape is to use the ratio (R)of
length to diameter: R=L/D. Corrected mango volume
will, therefore, have the following equation [5]:

Vo=V, +V,(KR-1) 1)

Where Vp is the corrected mango volume, and K is a
shape factor that varies with fruit type. After
development and rearrangement of Eq. 1, the
following equation is obtained:

_ 2
V,=1.1D*Lx/6 2

With D and L in cm and Vp in cm’.

All of the shape features apart from area are invariant
to size, since they are measured from profile images
normalised to unit area. Since none of the shape
features shows any significant correlation with volume
(as opposed to K), and since the effects of projection
are small, any set of features from a profile image of a
corresponding mango can be easily mapped to a new
set of features corresponding to the same piece.

IV. USING NEURAL NETWORK TO PREDICT
THE BRIX LEVEL OF MANGOES

Neural network is an algorithm that tries to mimic the
brain which is a state of the art technique for many
applications. After researching and examining on
approximately 1000 mangoes (Table 2), we record and
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summarize all of the necessary values which can
significantly affect on the sweet level of the mangoes
(brix level). Brix level is the percentage of solids
present in the juice of a plant. These solids are mostly
made up of sugar and minerals.

It is significant to use Principle component analysis
(PCA) to decrease the dimension of the input from 4-
dimension to 1-dimension so that we can easily plot
the data for visualization. The new feature is called
X _PCA (Figure 2).

24

Brix
L]

L
0.26 0.28 03 0.32 0.34 0.36

Figure 2. Brix level depends on X PCA (mass, length, width and
volume)

All of the factors affectting to the sweet level which
can be considered as inputs of our neural network
model such as mass, length, width and volume. It is
also the first step in building a neural network:
choosing the number of input units which should be 5
in this network.

The output will be the brix level (a raw number) which
means it is the regression problem so the number of
output unit is one. Besides, ReLU functions are applied
for hidden layers and the final layer is linear because it
is a regression problem.

Number of hidden layers is also the important problem
in neural network. We varies the number of hidden
layers and the number of units in hidden layers to find
the most optimal value of the cost function. There is a
recommendation that it should have the same number
of units in every hidden layer. Randomly initiating the
weights is required instead of zeros or ones vector like
in linear regression or logistic regression initialization.
Zeros or ones vector initialization can cause the
unexpected equal in values of all units in hidden layers.
An for random initialization of a 10x6 matrix is using
the epsilon value. theta init is the 10x6 random matrix.

0=0*x2=*¢)—c¢
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The next step is implementing the forward propagation
to get to /,(x)for any x"". Then implement the

cost function to see the error value (Figure 3).

Mean square error
|

0 10 20 30 40 50
Number of iteration

Figure 3. Cost function value per iteration

After that, implement the back propagation to compute
the partial derivatives and use the method which is
called gradient checking in order to confirm that the
back propagation is running well.

6 J(O+e)-J(0-¢)
00 2¢

with £ =107 (4)

Finally, using the Adam optimizer and learning rate
decay to minimize the cost function with the weights
in theta. After tuning on training set and validation set
to evaluate and find the optimal model, a network with
1 hidden layer with 10 nodes (Figure 4) is selected
because of optimizing the speed and lowering the
value of cost function.

The optimal neural network can predict the brix level
of every mango based on its mass, length, width,
volume with 98% accuracy on test set.

V. EXPERIMENTS AND DISCUSSIONS

Volume of mango using Camera — RGB:

Find size via Camera: Photos obtained from cameras
are RGB color images we need to convert to gray
images to manipulate more easily. In the model using
additional shooting chamber to increase the ability to
receive images and separate fonts more easily (Table
2).
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Hidden

Output

Figure 4. An optimal neural network for predicting mangoes brix
level

First we know that in most mangoes there will be a
certain color threshold. So we will adjust the threshold
and begin to turn gray image so that the resulting
image has background and mango are 2 separate color
values. Here the topic threshold is set at 135, the
threshold of mango ranges from 140-255. When we
have the pixel size and also the size of the pixel, we
just need to multiply it, we get the real size of the
mango (Figure 5). Calculating mango volume: We rely
on the dependent equation found in the method and the
actual size found. Replace the equation to calculate the

corresponding volume.
TABLE II. THE ERROR TABLE BETWEEN THE WEIGHT OF MANGOES
CALCULATED BY THE EQUATION AND THE ACTUAL VOLUME

Order Volume

number | Actual volume caé‘;lllllj:ifnby Error
1 410.4543 412.6726 -2.21827
2 469.9725 469.1009 0.8716
3 323.1496 321.4804 1.6692
4 551.0186 550.2169 0.8017
5 442.9044 441.2227 1.6817
6 432.1404 432.4907 -0.3507
7 451.4862 453.1468 -1.6604
8 399.6903 398.9014 0.7889
9 393.7589 395.3746 -1.6153
10 469.9725 469.9407 0.0318
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‘w PLC

CONNECT

Flgure 5. Results obtained after determmmg mango size

The result of mango volume is obtained by calculating
statistical method by size using RGB Camera: Above
Loadcell is arranged with an infrared sensor to detect
objects. When the mango fruit goes to the sensor to
return the signal to Visual, at the same time, the bottom
Loadcell also weighs the value of the mango at 10ms.
The result is taken into Excel to calculate, we see the
relationship between the two original mass quantities
and the weight on the conveyor have linear
relationship with the first equation (Figure 6):

“y=ax+Db”

In which: y is the volume of mango fruit to be
calculated

x is the weight of the weight when weighing the
conveyor

a, b is the coefficient

coefficients a and b are determined by SLOPE
functions (find coefficient a), INTERCEPT (find
coefficient b). Order to determine:

a = SLOPE (y values, x values) = 1.060952497
b = INTERCEPT (y values, x values) = 63.01837755

The equation to look for: y = 1,060952497.x +
63,01837755 (5)

From the newly found equation, we build the block in
the PLC to calculate the exact volume. We have wrong
results (Table 3):

Average error of acceptable errors: Reasonable

equation.

In particular, when determining the mass, volume and
density of computation compared to the original
elements of mango and comparison chart, we get quite
stable and acceptable results Figure 8 (units of
dimension of mango are mm, volume is ml).
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A diagram of the relationship between actual mass and conveyor weight

A diagram of
the relationship
between actual
mass and
conveyor weight

100

Figure 6. Chart of relationship between actual weight and conveyor
weight

First experiment on mangoes with actual results as
follows:

First, convert RGB color image to gray level image:
RGB color model, using additional models in which
red, green and blue light are combined together in
many different ways to form other colors on a pixel,
the intensity of each color can change from 0 to 255
and create 16,777,216 different colors. To convert
RGB images to grayscale images using functions in
OpenCvSharp: Cv2.cvtcolor (); (Figure 7a).

Figure 7. Image processing process to calculate mango volume

Image segmentation: Image binary is the process of
converting gray images into binary images. Binary
images are images where the values of pixels are
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represented only by two values: 0 (Black) and 255
(White) (Figure 7b).

Detection of defects and calculation of defect areas:
Contour algorithm: Contour is the algorithm used in
image processing to separate, extract objects, enabling
the following processing to be accurate (Figure 7c).

Classification based on area of disability. Calculate
approximately the area of a pixel.

Classification: Find the largest area of disability if the
disability area is larger or the area of the disability is
larger than the area where each disability area has a
larger disability area than allowed, mangoes are
removed (Figure 7d).

Results of measuring the actual size of a sample
mango

Comparison chart

115 700

and the corresponding number of pixels (Figure 7e):
Length (L): 13.69 cm - 426 pixels

Width (R): 8.51 ¢cm - 281 pixels

Height (H): 7.28 cm - 258 pixels

The above word calculates approximately the area of

apixel: =2 x 2L = 0,09732 mm?
4260 2810

Determine the area of the mango image obtained from
the binary image (borders), determine the length,
width and height from this image. Applying formula
(1), (2) and Dependency equation between size and
volume (5), we deduce the corresponding mango

Comparison chart
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Figure 8. Chart comparison between volume, density calculations than the real factors

Here the input variable is the size of the mango and
the output variable will be the corresponding mango
volume (Table 4). The result is:

TABLE IV. TABLE OF DEPENDENT EQUATION PARAMETERS

(SNAPSHOT)
Coefficients®
Standardized
Unstandardized Coeffici Coeffici
Model B Std. Error Beta t Sig.

1 (Constant) -1000.959 62.866 -15.922 .000
Length (mm) 3.249 .352 452 9.237 .000
Width (mm) 2.956 1.399 A70 2113 041
Height (mm) 10.155 1.491 516 6.812 .000

a. Dependent Variable: Volume (ml)
Dependent equation between size and volume:

Volume = 3.249 * length + 2.956 * width + 10.155 *
height — 1000.959 (6)

From Figure 8, we have Mean mean close to 0, the
standard deviation is 0.963 close to 1, so it can be said
that the

remainder distribution is approximately

doi: 10.1109/ICCMA46720.2019.8988603 481

standard. Therefore, it can be concluded that the normal
distribution of the remainder is not violated.

And from Figure 9 and figure 10, we see that the
distribution points in the distribution of the remainder
are concentrated into one diagonal, thus, assuming the
normal distribution of the remainder is not violated.

Histogram

Dependent Variable: Volume (ml)

Mean =-2.88E-15
Std. Dev. =0.963
N=42

124 1

. — DN

Frequency
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Figure 9. Frequency diagram of the standardization of Histogarm

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Volume (ml)
1.

0.8
00°

{ole]

{o)
0.67 QOOO

0.4

Expected Cum Prob
[e]

0.2+ o

0. T T T T
0.0 0.2 0.4 0.6 08 1.0

Observed Cum Prob
Figure 10. Normal P-P balance diagram

VI. CONCLUSION

This study described the method and terminology of
several of tolls that are used for image processing and
analysis in sorting and classification of mangoes based
on Artificial Intelligence. The digital image processing
is required firstly to preprocess the data of mango images
into a format from which features can be extracted, and
secondly to extract and measure these features.

The fluctuation of mango fruit quality in the market is
huge. The best harvesting time for fruit quality depends
on many factors including Cat Hoa Loc mango and Cat
Chu mango in Vietnam for the best quality when having
density from 1.00 -1.02. Fruits are classified by machine
vision techniques and artificial intelligence is more
uniform in quality than the left harvest by age and
market.

The mango images used in this study for sorting and
blemish detection are obtained using a CCD camera.
Once shape have been extracted from the mango profile
images and applied to artificial neural network that is
used to combine shape features to form volume estimates
for the corresponding mango. The testing method used
on ANN and other function approximation methods are
explained in this paper.

Eventually, the features are to be combined to form a
volume estimate of fruit from whose image thay are
extracted and measured.

In one of its simplest forms, function approximation is
determination of a linear regression equation based on a
set of data. This linear relationship is a model for
between weight and volume, since one would expect that
the volume of mango would be directly proportional to
its weight, because mango density is usually almost
constant within a same quality. A model must be formed
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from knowledge of understanding of source of the data.
As it is known that mango density increased with the
volume, then the quality is better and the mango is sweet
(Based on regression equation of weight and volume).
ANN can be seen as a form of regression equation which
can model arbitrary continuous functions where an
explicit model relating the functional form of the output
to the inputs is known. The first stage in the computer
processing of the digital images from camera is to form
separate image files of mangoes. This is necessary since
locating the mango within the large image would be very
computationally expensive. From these resized images,
the grey-scale images are formed from the sum of the red
and green bands less twice the blue band. Next, the grey-
scale images are threshold to form binary images. The
threshold value is simply found based on experiments for
each type of mango (with reference to several image
histograms). The mango images are calibrated for size
by using images of ellipse.

When using artificial intelligence to determine the
quality of mangoes including the components of mango
fruit, we can classify them without affecting the bad
value to the quality of mangoes, related to human health.
Solving problems in mango classification system
combining computer vision and artificial intelligence
will help develop smart mango classification system
with commercial scale.
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Sorting and Classification of Mangoes based on Artificial
Intelligence

Nguyen Truong Thinh, Nguyen Duc Thong, and Huynh Thanh Cong

Abstract—For each type of mango, there are different colors,
weights, sizes, shapes and densities. Currently, classification
based on the above features is being carried out mainly by
manuals due to farmers' awareness of low accuracy, high costs,
health effects and high costs, costly economically inferior. This
study was conducted on three main commercial mango species
of Vietnam as Cat Chu, Cat Hoa Loc and Statue of green skin to
find out the method of classification of mango with the best
quality and accuracy. Research on mango classification based
on the color and volume being conducted does not meet the
quality of commercial mangoes and the accuracy is not high.
Therefore, a method of mango classification is most effective. In
this study, we have proposed and implemented methods, using
algorithms to analyze the content combining statistical methods
based on image processing techniques to identify commercial
mangoes in Vietnam. The main content of this study is to
develop an efficient algorithm to design mango classification
system with high quality and accuracy. The goal of the study is
to create a system that can classify mangoes in terms of color,
volume, size, shape and fruit density. The classification system
using image processing incorporates artificial intelligence
including the use of CCD cameras, C language programming,
computer vision and artificial neural networks. The system uses
the captured mango image, processing the split layer to
determine the mass, volume and defect on the mango fruit
surface. Determine the percentage of mango defects to
determine the quality of mangoes for export and domestic or
recycled mangoes. This article is about the development of an
automatic mango classification system to control and evaluate
mango quality before packaging and exporting to the market. It
is in the research, design and fabrication of mango classification
model and the completion of an automatic mango classification
system using image processing technology combining artificial
intelligence.

Index Terms—Fruit classification, mango sorting, image
processing, artificial intelligence, computer vision.

l. INTRODUCTION

The process of grading mango in Vietnam and the world is
being carried out mainly by the direct labor of farmers. The
methods used by farmers and distributors to classify
agricultural products are through traditional quality testing
with time-consuming and less efficient observations or some
types of machines dedicated and result in low productivity,
high cost, sorting out different types of mangoes is relatively
costly. Research and application of high-tech machinery in
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the process of producing agricultural products on the one
hand reduce human labor, reduce costs, and otherwise meet
high standards of food safety Processing in difficult markets
requires high quality is essential. The application of
automation in agriculture especially in the production and
processing of agricultural products is extremely necessary.
World studies of mango classification according to color, size,
volume and almost done in the laboratory but not yet applied
in practice. The quality assessment of mango fruit has not
been resolved. So it is necessary to study image processing
techniques; collect and build a database of photos of some
types of mangoes in Vietnam; studying mango quality
approaches and techniques, examining mango surfaces that
are deep, withered, porous, deformed mangoes, ripening on
mango fruit; application of image processing technology,
computer vision combined with artificial intelligence in the
problem of mango classification or poor quality. The design
of high-quality mango classification system based on image
processing technology, computer vision combines artificial
intelligence effectively in accordance with the development
situation of agricultural machines today.

Currently mangoes are classified by color, volume, size
and shape. The quality of the mango fruit is only predicted by
the eye of the classification and has not been studied for
application. Case studies of mango classification such as
Machine vision-based maturity prediction system for
harvested mango classification [1] proposed a machine-based
system to classify mangoes by predicting levels maturity to
replace manual classification system. Prediction of ripeness
was made from video signals collected by a CCD camera
placed above the mango conveyor belt. The recursive feature
removal technique combined with the vector-based support
(SVM) classifier is used to identify the most relevant features
of the original 27 selected features. Finally, optimal
aggregation of the number of reduced features is obtained and
used to classify mangoes into four different types according
to maturity level; Tomas U. Ganiron Jr developed a
size-based mango classification system using image analysis
techniques [2]. This empirical study aims to develop an
efficient algorithm to detect and classify mangoes. Using the
obtained image, the features of the mango are extracted and
used to determine the mango layer. The characteristics of the
extracted mango are perimeter, area, roundness and defect
rate; The mango classification system uses machine vision
and Neural network [3] as a system that can classify ripe or
unripe mangoes. The method used to carry out this study was
split into several steps: object identification, algorithm
development, implementation and evaluation. This system is
implemented in C, Computer Vision and ANN (artificial
neural networks) so that the system can detect the color of the
ripe or unripe mangoes; The research team in Malaysia [4]
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proposed and implemented fuzzy logic algorithms and
algorithms using digital image processing, predefined
content analysis and statistical analysis to determine real
estate export of local mangoes in Perlis - Malaysia. This
study is to design and develop an efficient algorithm to detect
and classify mangoes at 80% accuracy compared to human
classification. All studies are mostly done in laboratories,
with certain results in the exploitation of specific
classification features, with a high classification result in
color, volume and size. However, the quality of the mango
has not been assessed, but it has been put into practical
applications. The studies [6]-[12] mentioned the application
of image processing and artificial neural networks with
different treatments for fruits, vegetables, fruits and other
foods and for certain results in research assist.

Mango is a tropical fruit tree, ripe mango is yellow or
green attractive, sweet and sour, delicious smell. Ripe
mangoes are eaten fresh, canned, juice, jam, ice cream, dried
for domestic consumption or export. Regarding the volume
of mangoes, depending on the type of commercial mango, the
volume of mango is prescribed according to the international
standard (Table I). In addition, depending on the type of
market, each region where the volume of mango can be
accepted. In terms of size, mango shape is also strictly
regulated. The basic mango is considered in the left volume,
calculated for the length, width and height of the mango. The
roundness of the fruit is considered when most mangoes are
in elliptical form.

Bruising or damaged bruises on mangoes often appear on
all sides of the mango stem, often appearing and more
pronounced than in the left stalk. Depending on the level or
percentage of damage on the fruit, it is arranged according to
the quality standards of mango, strictly regulated by
international standards. This is an important feature of
mangoes in the classification process to make their
classification.

In addition to mango bruises to determine mango quality,
the most important factor to determine mango quality is the
proportion of mangoes. The proportion of mangoes is also
understood as the maturity or age of mangoes, it is related to
the date of harvest of mangoes. According to international
standards, currently the proportion of mangoes ranging from
1.0 to 1.1 is the best quality mango. And currently this factor
has not been studied because it is difficult to handle mangoes
to determine the density, so this study will be mentioned to
solve this problem.

In Vietnam, mango has many types such as Cat Chu, Cat
Hoa Loc, Statue of green skin... Commercial mangoes have
different colors, volumes, sizes or shapes, classified into
categories 1, I, 11l and Size (A, B, C) is determined by fruit
weight by Table | (According to Globalgap standards). More
important is the ripeness and density of mangoes because this
is a decisive factor to the ability of mango products to be
consumed and this is a complex and difficult classification
problem for mango today.

The characteristics and quality of mangoes are expressed
in color, volume, size, shape and density of fruit. The
minimum requirement of mangoes for all types, apart from
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specific regulations and allowable tolerances, mangoes must
be: Integrity, firmness, fresh code outside, there are no more
disabled fruits allowed; Clean, almost no impurities can be
seen with the naked eye, no dark spots, necrosis, no bruises;
Almost undamaged by insects, no damage due to low
temperature; Do not suffer from abnormal dampness outside
the skin, tasteless, scentless; Fully developed and properly
matured; If the fruit is stalked, the stalk length should not
exceed 1.0 cm. Quality tolerances: Class | is 5% of the
quantity or volume of mangoes that do not meet the
requirements of this category, but meet the requirements of
category Il or within the permitted range of that category.
Class Il is 10% of the quantity or volume of fruit that does not
meet the requirements of this category, but meets the
requirements of category Il or within the permitted range of
that category. Class Il is 10% by volume or volume of
mango fruit that do not meet the requirements of this category
or minimum requirement, except for unused fruits due to
rotting, bruising or quality loss.

Determine the weight of mango we use Loadcell sensor
placed on the input conveyor. Here the system will classify
mango according to the volume of each selected mango
variety. To determine color, size, shape as well as volume and
percentage damage mango we use mango camera and
application of image processing technology. The shooting
process involves capturing a color image (RGB) and
performing a depth measurement (D), which is combined in
different ways to form other colors on a pixel, the intensity of
Each color can vary from 0 to 255 and produce 16,777,216
different colors. Image sensors combined with depth sensors
are located close to each other, allowing merging maps,
producing 3D images. RGB-D image information is stored.
With the distance from the camera to the conveyor is constant,
the real size of the length, width, and height of the mango is
measured by clamp. Then count the number of pixels
corresponding to each of these dimensions. We choose 1280
x 960 pixels, 12 frames per second and 640 x 480 pixels,
taking 30 frames per second to handle mango volume and
defect detection.

The mango classification system will handle features such
as color, volume, size, shape, defects and especially the
density of mangoes. When determining mango volume with
Loadcell sensor, mangoes will be taken with 2 cameras in the
shooting chamber with the appropriate light intensity from
the light bulb. The shooting angles of the mango are random
so that the mango fruit image is completely visible. The
design of the mango conveyor belt must match the camera's
shooting angles because otherwise the image will not take the
mango position and process the image to classify the bruises
as inaccurate. When conducting experiments, the first task is
to design a mango classification model that includes
components and operational structures based on the theory
and principles of operation of each section and the
combination of the distribution system. species. The
operation system is integrated to handle each stage and
combination of stages to handle color, volume, size, shape,
density and percentage of defects. The system to be built
must include:

VISION MACHINE FOR SORTING MANGOES
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1) System with shooting chamber to process color images,
find shape defects and calculate mango volume.

2) Loadcell system to calculate the weight of each mango.

3) The system has a wiper mechanism that eliminates
unsatisfactory fruits, size, shape.

4) The system has a classification mechanism used to
classify quality of mangoes into trade items.

Building the principle of operation of mango classification
model using artificial intelligence: Conveyed mango fruit
brought to the conveyor mounted on the conveyor. In the
shooting chamber, there are two cameras for color image
processing to find defects on the mango fruit surface such as:
black spots, bruises, bruises, and shape defects such as waist,
damaged broken, the fruit does not meet the color
requirements, the shape will be eliminated, and the camera
will also scan the mango fruit (length, width, height) to
calculate the volume of the mango. After that, the mango fruit,
which meets the requirements of color shape, will be taken to
the second conveyor to conduct mass calculations (Fig. 1).

First, the harvested mangoes are cleaned by using a
washing solution, then sorted and sorted into commercial
mangoes of different types, this is the current stage sorted by
hand. Finally, the mangoes of each classification are
packaged and transferred to customers (Fig. 2).

Image Processing

Computer Chamber

Sensor

Fig. 1. Laboratory testbed.

‘ Harvesting H Cleaning H Classification ‘
Preservation
Package N
Spraying
‘ Storage > Transportion > Users ‘

Fig. 2. Mango sorting process.

A. Inspection Process

The inspection routine developed is illustrated in Fig. 3.
First, two images of front and back surfaces are acquired
using two cameras. Second, check areas of the mango are
found using segmentation modules, each specialised in
detecting a different type of feature. Third, post processing is
performed to remove false objects and combine areas that

376

represents the same feature. Fourth, both object features and
window features are extracted from each located area. Fifth,
the features are passed to the neural networks and the outputs
of these networks are then combined using the feature
combination strategy to assign an overall class to each region.
Finally, the mango is graded, using a set of rules, based on the
feature type of each located region. An example of a grading
table is shown in Table I. The table shows for each grade, the
number, type and size of defects that are permissible.

Mangoes

Image acquisition using combined
front and back mango

v

Segmentation with convolution filters

v

Post-processing of the segmented
image via Al-based techniques

v

Feature extraction as: size, colour,
defect

v

Synergistic classification by feature
combination

v

Expert-system grading

v

Grade

Fig. 3. Developed system for mango grading.

This table can be easily converted into a rule-based expert
system. For better results, fuzzy rules can be employed to
emulate expert human graders more closely. The
segmentation method adopted is based on standard
image-processing functions and consists of three stages.
Before segmentation, two images of the two surfaces being
inspected is acquired using the image from above and
beneath the mango. These images contain some features
caused by classifications.

The mangoes are rarely perfect spheres, most mangoes are
either long (D<L). A simple way to account for variation in
mango shape is to use the ratio (R) of length to diameter:
R=L/D. Corrected mango volume will, therefore, have the
following equation [5]:

V, =V, +V, (KR -1) @)

where Vp is the corrected mango volume, and K is a shape
factor that varies with fruit type. After development and
rearrangement of Eq. 1, the following equation is obtained:

V, =1.1D°L7/6 @)

With D and L in cm and Vp in cm®,

All of the shape features apart from area are invariant to
size, since they are measured from profile images normalised
to unit area. Since none of the shape features shows any
significant correlation with volume (as opposed to K), and
since the effects of projection are small, any set of features
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from a profile image of a corresponding mango can be easily
mapped to a new set of features corresponding to the same
piece.

TABLE I: THE MANGO IS GRADED FOR EACH GRADE, THE NUMBER, TYPE
AND SIZE OF DEFECTS THAT ARE PERMISSIBLE

Size Permission range

code Standard range (<10% each/pgckage) Error
A From 200 to 350 From 180 to 425 112,5
B From 351 to 550 From 251 to 650 150

C From 551 to 800 From 426 to 925 187,5

IV. EXPERIMENTS AND DISCUSSIONS

The shape of mango is complex and difficult to calculate
its volume. The model derived from equation for the volume
of a mango is a problem to use. It uses both mango diameter
and length as input variables and the value of the shape
coefficient (K) can be considered equal to one or more. The
mango used had:

Actual weight of mango: m =ml + m2
where: - m1 is the mass fraction that is lost due to elastic force
(equal to the tension of the conveyor belt at the time of
consideration), m2: the volume that the loadcell reads.

Suppose the conveyor is evenly stretched with elastic
force:

Fa = K.Al; With K (N / mm) is the elastic coefficient: K=
ES

lo

In which: E is the elastic modulus of the conveyor;

S is the conveyor section; lo conveyor belt length
considered

Al mm is the extension of the conveyor. At the time the
conveyor is running smoothly at velocity v (mm/'s).

When there is a load (mango), the conveyor falls down a
segment a. We consider the conveyor at point D tangent to
the mango (Fig. 4).

I F i i
Fig. 4. Force analysis for mango volume calculation.

According to the law of Newton 2 we have:

F; +X Tz) =0;

I analyze: Z?:lﬁ =N E + Z?:lm

Consider the Oxz axis: Assuming there is no load at first
(mango), the conveyor is stretched to 1 section Al by
conveyor traction F=F#=T = KAI; With T (N) is the tension
at B when the conveyor runs at speed v (mm/ s);

F= 20F (N); With P(w) capacity B axis; P=——=—; To
Nx ol
choose 1,,=0.97; ,,=0.99
Since the conveyor is evenly stretched, we consider at
point C is 1 paragraph x away from A, then the elastic force is
Fan1, Fanz: Fanr = Fanz
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With: Fan= T = KAl
Fano= T12 = K2A|2
K1=K Kz K

0

loz
Aly=X-lo1; Al = 1-X-lo2 ;

F
los + lo2=lp =1 -4l =I - ?k (mm)

{K1A11 — K,AlL, = 0
=

lor+lez =1
o {(l —x)loy —xlp =0

lor+lez =1
lo. _ (=x)

=y = xTo’ loz = #
L

=X

2 K=Kz K, =K

x(z—Yk)
>  Alj=x- — (mm);

-0k

= A|2=l—x .

! (mm);

Once there is a load (mango fruit). Suppose the loadcell is
1 paragraph a (mm) from the conveyor. Then position C
becomes D as the conveyor stretches T1’ T’ and stretches Aly’
Aly’; With T’=KiAl; T2'=KeAl, ; ais the right angle by Ty’
Vé.Tz’.

Consider balance at the point D:

Py =Ty + Ty,
By cosine theorem we have: Py = Ty’ 2 + T2’ 2 +
2T11’T12’COS(06)
(%)
K2 [(—(\/962+a2 ))2+(

l
(/(l_x)z Z_M))Z

- P11

+2( (Vx? +a?- G )))( (w/(l—x)2+a2—
- x)(l —k‘))) x%+a?-xl ]
TGl ra?
_ x2+a?-xl
With Cos(a))= T W = AC- los;

A|2’: BC- |02 > M= f.lOOO (g)

For all; K; F; a fixed we always have the dependence of m
on x according to the following graph (Fig. 5).

For convenience, the results of the volume estimation
methods developed in this study are repeated here. This
includes error and associated confidence statistics for each of
the volume estimation methods. Table | gives the results of
linear volume estimation methods (Table 11).

First, convert RGB color image to gray level image: RGB
color model, using additional models in which red, green and
blue light are combined together in many different ways to
form other colors on a pixel, the intensity of each color can
change from 0 to 255 and create 16,777,216 different colors.
To convert RGB images to grayscale images using functions
in OpenCvSharp: Cv2.cvtcolor (); (Fig. 6a).

Image segmentation: Image binary is the process of
converting gray images into binary images. Binary images
are images where the values of pixels are represented only by
two values: 0 (Black) and 255 (White) (Fig. 6b).
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Detection of defects and calculation of defect areas:
Contour algorithm: Contour is the algorithm used in image
processing to separate, extract objects, enabling the following
processing to be accurate (Fig. 6c).

Classification based on area of disability. Calculate
approximately the area of a pixel.

Classification: Find the largest area of disability if the
disability area is larger or the area of the disability is larger
than the area where each disability area has a larger disability
area than allowed, mangoes are removed (Fig. 6d).

Results of measuring the actual size of a sample mango
and the corresponding number of pixels (Fig. 6e).

¢ Graph of the relationship between m and x

e
150
x(mm)

Fig. 5. Graph of the relationship between m and x-axis.

50 100 200 250 300

o0
-

Fig. 6. Image processing process to calculate mango volume.

Length (L): 13.69 cm - 426 pixels
Width (R): 8.51 cm - 281 pixels
Height (H): 7.28 cm - 258 pixels
The above word calculates approximately the area of a
pixel:
1369 851

x——=0.09732
2810

20 (mm’)

Define the binary image boundary from the program you
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made. Based on the dependence equation we have found
from a type of mango Statue of green skin or Cat Chu or Cat
Hoa Loc, for each type of mango we need to calculate the
length and height, we deduce the corresponding volume (Fig.
7). Determine the area of the mango image obtained from the
binary image (borders), determine the length, width and
height from this image. Applying formula (1), (2) and
Dependency equation between size and volume (3), we
deduce the corresponding mango volume.

A. Calculating Mango Volume by Approximate Statistical

Method

Each type of fruit has its own unique profile, and for each,
they will correspond to a certain profile. Mango has the same
common profile, quite similar to Elipson. With this method,
we use the length and width of each mango to calculate the
corresponding volume (Fig. 7).

TABLE IlI: MANGO MASS WHEN DIFFERENT VELOCITIES

Numb d Actual weidh weight when weight
umber order ctual weight V=631 (Vip) V=421 (vip)
1 307.938 257.5721 263.15
2 240.674 190.308 207.2061
3 246.416 179.152 212.784
4 302.36 256.9158 263.15
5 307.938 2547831 268.728
6 302.36 240.0178 268.728
7 291.204 240.3459 251.994
8 296.782 245.9239 251.994
9 375.202 311.0551 330.4141
10 347.148 309.2505 302.36
7 291.204 240.3459 251.994
8 296.782 245.9239 251.994

Fig. 7. Image analysis determines mango contour to calculate volume.

When we determine the length, width, height and actual
volume of the mango, we begin to find a link between them.
We have 3 input variables (length, width, height) and an
output variable (volume), using multivariate regression to
find the relationship between them. We just understand that,
when we use the actual volume size of the mango to find the
dependent equation, then use Kinect to calculate the length,
width, height and with our dependent equation we will find
corresponding. SPSS software supports our multivariate
regression to find dependent equations. We only give the
input variable and the output variable, SPSS will give us the
most accurate dependency equation and related diagrams.

SPSS software supports our multivariate regression to find
dependent equations. We only give the input variable and the
output variable, SPSS will give us the most accurate
dependency equation and related diagrams.
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Here the input variable is the size of the mango and the
output variable will be the corresponding mango volume
(Table 111).

TABLE I1l: TABLE OF DEPENDENT EQUATION PARAMETERS (SNAPSHOT)

Coefficients®

Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) -1000.959 62.866 -15.922 .000
Length (mm) 3.249 352 452 9.237 000
Width (mm) 2.956 1.399 170 2113 041
Height (mm) 10.155 1.491 516 6.812 .000

a. Dependent Variable: Volume (ml)

Histogram

Dependent Variable: Volume (ml)

Mean =-2.88E-15
124 — Std. Dev. =0.963
N=42

J N

Frequency

T T T T
3 2 -1 1 2

Fig. 8. Frequency diagram of the standardization of histogram.

Normal P-P Plot of ion Standardized

Dependent Variable: Volume (ml)

00
06 00

Expected Cum Prob
o

o T T T T
0.0 02 04 06 08 1.0

Observed Cum Prob

Fig. 9. Normal P-P balance diagram.

Scatterplot
Dependent Variable: Volume (ml)

Regression Standardized Predicted Value

a 2 - [ i 2
Regression Standardized Residual

Fig. 10. Independent variable dispersion chart.

Dependent equation between size and volume is shown
like as.

Volume = 3.249 * length + 2.956 * width + 10.155 * height —
1000.959 3)

From Fig. 8, we have Mean meaning close to 0, the
standard deviation is 0.963 close to 1, so it can be said that the
remainder distribution is approximately standard. Therefore,
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it can be concluded that the normal distribution of the
remainder is not violated.

From Fig. 9, we see that the distribution points in the
distribution of the remainder are concentrated into one
diagonal, thus, assuming the normal distribution of the
remainder is not violated.

With Fig. 10, we find that the normalized remainder
allocates a central set around the zero-degree line, so it is
assumed that the linear relationship is not violated.

V. CONCLUSION

This study described the method and terminology of
several of tolls that are used for image processing and
analysis in sorting and classification of mangoes based on
Artificial Intelligence. The digital image processing is
required firstly to preprocess the data of mango images into a
format from which features can be extracted, and secondly to
extract and measure these features. The mango images used
in this study for sorting and blemish detection are obtained
using a CCD camera. Once shape have been extracted from
the mango profile images and applied to artificial neural
network that is used to combine shape features to form
volume estimates for the corresponding mango. The testing
method used on ANN and other function approximation
methods are explained in this paper. Eventually, the features
are to be combined to form a volume estimate of fruit from
whose image, they are extracted and measured.

In one of its simplest forms, function approximation is
determination of a linear regression equation based on a set of
data. This linear relationship is a model for between weight
and volume, since one would expect that the volume of
mango would be directly proportional to its weight, because
mango density is usually almost constant within a same
quality. A model must be formed from knowledge of
understanding of source of the data. As it is known that
mango density increased with the volume, then the quality is
better and the mango is sweet (Based on regression equation
of weight and volume). ANN can be seen as a form of
regression equation which can model arbitrary continuous
functions where an explicit model relating the functional
form of the output to the inputs is known. The first stage in
the computer processing of the digital images from camera is
to form separate image files of mangoes. This is necessary
since locating the mango within the large image would be
very computationally expensive. From these resized images,
the grey-scale images are formed from the sum of the red and
green bands less twice the blue band. Next, the grey-scale
images are threshold to form binary images. The threshold
value is simply found based on experiments for each type of
mango (with reference to several image histograms). The
mango images are calibrated for size by using images of
ellipse (Fig. 11).

Fig. 11. The mango images are calibrated for size by using images of ellipse.
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