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TOM TAT

Luan an nghién ctru thiét ké hé thong phan loai xoai hiéu suat cao sir dung cong nghé xir Iy anh két hop tri théng minh
nhan tao da duge thyc hién bang phuong phap phan tich 1y thuyét, co so 1y luan, phuong phap mo hinh hod va phuong phap
thyc nghiém. Hé thong phan loai dugc nghién ciru gdm 3 phan chinh. Dau tién 1a nghién ciru hé thong phan loai xoai ty dong
theo khdi lugng, ké dén 14 phat trién phén loai xoai theo khéi lugng, thé tich va khuyét tat trai sir dung xir Iy anh va cudi ciing
1a hoan thanh hé thong phén loai xoai sir dung cong nghé xir Iy anh két hop tri tué nhan tao. Hé thong phan loai dugc nghién
ctru va ing dung cac phuong phéap phén loai khac nhau va chon phuong phap phan loai xoai t6i wu nhat (khuyét tat, thé tich
va khdi lugng) 1a phuong phap mé hinh RF ¢6 hiéu suat dat 98,1%. Mang than kinh nhan tao tdi wu c6 thé dy doan do Brix ctia
mdi trai xoai dva trén khdi lugng, chiéu dai, chiéu rong va thé tich v6i do chinh xac 98% trén thyuc nghiém. Ngoai ra, hé thong
phan loai ciing dat ning suat cao khoang 3.000 - 5.000 kg x0ai/gi¢ (twong dwong khoang 6 - 8 trai/gidy) dugc lip dat tai TP.
Cao Lanh, tinh Dong Thap va da duogc van hanh). Mit khac, hé théng phan loai nay ciing phan loai dugc cac loai néng san khac
khi thay d6i mot s6 yéu tb va co cau. Cac két qua dat duoc:

Thuyc hién nghién ctru, tinh todn va hoan thanh hé théng phan loai xoai. Xay dung duoc co s¢ 1y thuyét, phwong phap
ludn va cac phuong phap phan loai xoai khac nhau 4p dung trén hé thong phan loai.

Ung dung cong nghé xir Iy anh két hop Al trén hé théng phan loai. Thyc nghiém va so sanh két qua 1y thuyét v6i tinh
toan hé thong phan loai trong cling diéu kién dau vao va dau ra.

Cac md hinh phan loai da dugc thuc hién véi viée hd trg cac thuat todn may hoc. Viéc trién khai phan loai xo0ai dya trén
viéc ap dung cong nghé xir Iy anh dé xir 1y hinh anh chup xoai va sau d6 s dung bén phuong phap mé hinh LDA, SVM,
KNN va RF dé tu dong phan loai xoai. Thuat toan May hoc c6 gidm sat c6 thé duy tri dd chinh x4c du doan cao cho céc loai
xoai khac nhau. Tuy nhién, giai phap nay nén 4p dung cho loai xoai twong tyr nhu xoai mau.

Trong suot qua trinh phan loai, mgt chuoi cdc phuong phap phan tich trong xtr Iy anh dugc sir dung dé bién doi hinh 4nh
da chup cua xoai thanh dang hinh 4nh c6 thé de dang trich xuat tinh nang tir xoai. Thi nghiém cho thay cac phuvong phap nhu
vay thanh cong khi két qua du doan c6 101 nho.

Két qua du doan cia cac mo hinh giam sat vé may hoc dugc dé cap trong nghién ciru nay c6 do chinh xéac cao. Dic biét,
phuong phap moé hinh RF c6 hiéu suat du doan tot nhat 14 98,1 % va dugc dé xuat dé dy doan phan loai xoai.

Mang luéi than kinh t6i vu ¢6 thé du doan d6 Brix cia xoai dua trén khoi lugng, chiéu dai, chi€u rong va thé tich vai do chinh
xac 98% thuc nghiém.

So do6 tong quat thuc hién luén &n:

Chuong I:
Téng quan, co s& Iy thuyét
|
y v y
Chuwong II: Nghién cifu thi Chuong III: Phén loai xoai theo Chuong IV: Hé théng phin
nghiém md hinh h¢ thong phan M khoi hrong, thé tich va khuyét tit [» loai xoai sir dung cong nghé
loai xoai theo khoi lugng sir dung cong nghé xir Iy anh xir ly anh két hop TTNT
Y I v
v

Chuong V: Két lugn

Hinh 1.32. So d6 két cau dinh hudng dé tai



CHUONG I: TONG QUAN VA CO SOLY THUYET

1.1. Téng quan vé hé thong phén loai néng sin, cong nghé xir Iy anh va tri tué nhan tao (AI)

Chién lugc phat trién khoa hoc va cong nghé Viét Nam giai doan 2011-2020 da dugc chinh pha Viét Nam phé duyét
vao nam 2012, Quyét dinh s6 418/QD-TTg, trong d6 khang dinh viéc nghién ctru, img dung cong nghé tién tién, hién dai
va dua ra cac giai phap tbi wu, phi hop dé phat trién qua trinh san xuét va xuat khau nong san, gop phan xay dung cac
thwong hidu manh cho cac san phim néng san xuét khau ciia Viét Nam [1]. Viéc ing dung nhiing cong nghé tién tién va
hién dai (nhu AI) vao trong cic diy chuyén, thiét bi may méc tu dong hoa phuc vu cho cac qua trinh nhu kiém tra, phan
loai va déng gbi nong san thyc pham dat nang suét cao 1a mot trong nhitng huéng cong nghé trong diém. Diéu nay gop
phan phat trién kinh té x4 hoi ¢ Viét Nam. Viéc sir dung Al vao cic qua trinh ché bién nong san thyc pham hién nay hinh
thanh tor sy cong nang cua nhiéu nganh khoa hoc cong nghé dua trén nén tang co khi ty dong hoa nhim hoan thién, linh
hoat hoa, théng minh héa cac thiét bi may moc phuc vu con nguoi.

Hién nay, trong va ngoai nudc da xuat hién cac nghién ciru vé cac hé théng phan loai khac nhau va hé thong phan
loai nong san nhu diéu, ca phé, dau, ca chua, khoai tay, téo...sir dung cac phuong phap khac nhau [10-108]. Cac hé thong
phan loai nay c6 wu diém 1a dé van hanh, van chuyén, phii hop vé6i didu kién trong trot va san xuét & cac ving, 1 hé
thong khong thé thiéu & bat cir mot ving ndng nghiép nao. Tuy nhién, méi mot nong san khac nhau phai sir dung mot hé
théng phan loai khac nhau, dic biét 1a v&i xoai thi sy phan loai lai cang dién ra phic tap.

Véi cac phén tich trén, viéc nghién civu hé thong phdn logi néng san (tdp trung nghién ciru phan loai xodi) hiéu sudt
cao da trén cong nghé xir Iy anh két hop AI mot cach hiéu qua phii hop véi tinh hinh phat trién ctia cac loai may néng
nghiép hién nay, gép phan thiic day phat trién nganh co khi nong nghiép trong nuée.

Dé tai nghién ciru phat trién hé thong phan loai nong san nham kiém soét va d4nh gia cht lugng qué xoai (theo tiéu chuan
Global GAP) trude khi dua vao dong goi va xuit khau ra thi truong: rau qua dugc thu hoach dung do chin, kich thudc, hinh
dang, loai bo cac qua bi héo, bi sau, di dang. Cu thé hon 1a “ting dung cong nghé xit Iy dnh két hop Al dé nhdn dang mau va
déanh gid chat lupng ciia qud xodi” nham ting cuong ty déng hoa trong qua trinh san xuat néng nghiép & nuéc ta.

1.1.1. Co s& ly thuyét vé xir Iy anh va tri tu¢ nhan tao (AI)

Xt ly anh [3]:

anh [ '] lanh [ ]  anh vimé th va ndi suy

o

Co s¢ tri thirc

Thu nhén Tién xir Phén doan Biéudién | | Nhindang

Hinh 1.2. So d6 cic budc co ban trong xir 1y anh

Thi gidc may tinh (Computer vision) [4]:

Dén chiéu
sang
Miy quay v B{ phén thu Maiy tinh San phim
cch ] nhgn hinhanh [ *| vabdxirly | 7| diura
San phim
dau vao

Hinh 1.3. So d6 ciu tao hé thdng thi gidc may
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Tri tué nhan tao (AI) [5]: hay con goi 14 tri thong minh nhan tao, 1 tri tué dugc biéu dién boi bat cir mot hé théng do
con ngudi tao ra. Al ding dé néi dén cac may tinh c6 muc dich xtr 1y da chirc ning va nganh khoa hoc nghién ctru vé cac 1y
thuyét va img dung ctia AL
1.1.2. Khai quat van dé phan loai nong sin

Heé thdng phén loai nong san (Hinh 1.4).

: Hé théng xir 1y: -

San phim bing tii, dong co, | | Xirly anh két Sin phim
dau vao cam bién, may anh, hop tr ddng hod dau ra

may tinh...

Hinh 1.4. So d6 hé thdng phén loai néng san

Céc nghién ciru trong nhitng nim gan day chii yéu tap trung vao cac huéng chinh:

Tai Viét Nam: cac nghiéu ciru tap trung vao phat trién cac loai nong san, cac hé thong diéu khién tu dong khac nhau & nhiéu
linh vyec, trong d6 c6 phan loai nong san [10 - 22].

Trén thé gidi [23 -108]: Nghién ciru cac hé théng phan loai, nang cao tinh chinh xac ctia hé thong phéan loai néng
san voi cac két cau cong nghé cao; Nghién ctu két cAu, vat liéu, cac chi tiét ché tao hé théng phan loai nong san; Tbi vu
hoéa diéu kién phan loai néng san.

1.1.3. Tinh hinh nghién ciru trong va ngoai nwdéc

Cic nghién ctru dién hinh trong nwée: vé xir 1y anh, thi gidc may tinh va mang than kinh nhan tao, dic biét 1a phan
loai nong san, ciing nhu nghién ciru vé xoai: Nghién ctru xdy dwng qui trinh cong nghé ché bién xoai & Khanh Hoa cia
Pinh Ngoc Loan [12]; Nghién ciru diéu tra hién trang xir ly trdi xodi sau thu hoach ciia néng din ¢ huyén Cao Linh,
tinh Pong Thdp cia Nguyén Thanh Tai, Nguyén Bio V¢ [13]; Nghién ctru téng hop co sé Iy thuyét va thwe nghi¢m
phin tich khéng phd huy trdi xoai bang phwong phdp va ddp nhe cia Vo Minh Tri, Vé Tan Thanh [15], Nghién ctru
nhén dang khuyét diém trén vé trdi xoai sir dung ky thudt xir Iy dnh cia Trwong Qubc Bao, Nguyén Vin Viing [16].

Két luan tinh hinh nghién ciru trong nwéc: tong hop nhimg cong bd nghién ctru va trién khai trong nude hién nay vé cong
nghé xir Iy anh két hop Al dugc nghién ciru chura nhiéu va cong bd chuwa rong rii, chua tmg dung véo thyuc té. Tuy nhién, c6 thé
nhén thay déu Ia nhitng nghién ctru, thiét ké dang may thuc hién cac tac vu nhu may gia cong don gian, chir khong phai 1a thuc
hién nhiing gia cong phirc tap nhu chuyén dong chup anh sang loc, dt vat. Vé Al 1a sy két hop giira img dung co khi hoa va tu
dong héa, img dung nay cho viée giai quyét khau phan loai thi chua c6 don vi nghién ciru ndo quan tim giai quyét nhiing van dé
rat co ban trong tinh todn hé théng, xac dinh céc thong s6 cAu trac va dong hoc t6i wu cho hé théng duoc thyc hién.

Tinh hinh nghién ciru ngoai nwéc: Cac nghién ctru dudi day vé hé thdng phan loai néng san dugc dé cap lién quan
dén linh vyc nghién ctru da thanh cong trong thi nghiém va da ung dung trong thyc té mic du con han ché vé cac mat
nhu tdc do phan loai, mau sdc ndng san, dac biét nang suét phan loai cung véi hinh dang cau tao nong san dang dugc
nghién ciru khic phuc, cac nghién ciru phai ké dén: Nghién ctru thugc tinh kich thwéc ciia xodi diing xir Iy anh cia
Tomas U. Ganiron Jr [24]; Nghién ctru hé thong phdn logi trdi cdy tw dpng diwa trén cong nghé xir Iy anh cia Chandra
Sekhar Nandi va cong sw [25]; Nghién ctru hé thong tw dong phén logi trdi cdy tir cong nghé xir Iy dnh cia Ayman
A.A. Ibrahim va cdng sw [28]; Nghién ctru phdt hién dp chin ciia trdi hong dwa trén ky thudt xiv Iy anh caa Vahid
Mohammadi va cdng su [31]; Nghién ciru phdt trién hé thong phén loai ciia ca chua chi phi thip tiv cong nghé xir Iy
dnh cia Md. Rokunuzzaman va H. P.W. Jayasuriya [32]; Nghién ctru sdp xép va phén loai Tdo bi héng cia Miss.
Kambale Anuradha Manik va Dr. Mrs. Chougule S.R [34]; Nghién citu hé thong phén logi xodi dwa trén thi gidc mdy
tinh ciia Chandra Sekhar Nandi, Bipan Tudu, and Chiranjib Koley [35]; Nghién ctru phdt hi¢n sém cdc ton thwong co
bén trong xoai bang mdy quang hoc NIR cia Nayeli Velez Rivera, Juan Gomez-Sanchis, Jorge Chanona Perez

cung ddng nghiép [37].



Két luan chung vé tinh hinh nghién ctru ngoai nwéc: Qua phan tich va danh gia tir cac két qua nghién ctru néu trén, cac
nghién ctru da sir dung cac phuong phap khéc nhau dé phéan loai nong san, cac nghién ctru da sir dung cong nghé xir 1y anh, thi
giac may tinh va Al & tim ra dugc phuong phéap phén loai méau sic, trong lugng hay khuyét tat trai, dic biét ddi voi xoai, cho két
qua vé hidu suat va nang xuat phan loai cao. Céc két qua nghién ciru di phan anh dugc kha nang timg dung khoa hoc cong nghé
hién dai vao su phat trién nganh co khi, tr dong hoa nong nghiép néi chung, san xut va dong gbi nong san noi riéng.

Tuy nhién, cac nghién ctru trén chi dimg lai v6i viéc phan tich, ddnh gid, so sanh cic phuong phap sir dung dé phan
loai nong san, hodc két qua & dang moé phong, mo hinh va thi nghiém, dic biét 1a v6i xoai. Hon nita, viéc phat trién thuc
nghiém cho vén dé xac dinh khuyét tat va ty trong trai (xoai) dé xac dinh chat lugng trai thi chua thye sy duogc giai quyét.
Vi vy, trong dé tai nay s& dua ra phuong phap phan loai téi wu ciing nhu thyc nghiém 1én hé thong phan loai xoai dé giai
quyét cac van dé néu trén.

Mot sb nghién ciru vé hé thong diéu khién st dung vi xir Iy don gian dp dung trén mo hinh hé thong phén loai tu
ché trong phong thi nghiém. Giai phap nay chi phit hgp cho mé hinh hé théng don gian trong phong thi nghiém, con chira
nhiéu khiém khuyét va khong c6 kha nang ap dung trong thyc té. Nhu vy, can tim ra giai phap dé phat trién cac nghién
ctru hién tai hodc tién hanh cic nghién ctru méi, ing dung céc k¥ thuat, phuong phap khac nhau dé xay dung quy trinh
hé théng phan loai thyc nghiém, dac biét 1a viéc ing dung manh vé cong nghé xur Iy anh va AL
1.2. Muc tiéu va ndi dung nghién ciru

Nghién ctru, xay dung va thiét 1ap hé théng diéu khién phén loai xoai hiéu suat cao sir dung cong nghé xir Iy anh két hop AL

Két cAu dinh hudng d¢é tai (Hinh 1.32).

Chuong I: Tong quan va co s& 1y thuyét. Chuwong nay tim hiéu, khao sat, phan tich va danh gia cac co so 1y thuyét,
céc tai liéu, cac nghién ciru trong va ngoai nudc c6 lién quan nham xéac dinh cich thirc, phuong phap, tmg dung dé xay
dyng hé thong phan loai xo0ai dugc phat trién & chuong IL, III va IV. Noi dung chuong nay 1a nghién ctiru mé hinh va thuc
nghiém hé théng phan loai. Tir co s¢ thuc tidn, van dé can gidi quyét bai toan ting ning xuat phan loai tir thii cong chwa
hiéu qua va san pham phan loai chua dat két qua cao vé chat lwong xoai. Tir d6, giai phap giai quyét van dé nay 1a nghién
ctru hé thong phan loai xoai tr dong dat ning suat cao thay thé phan loai thi cong, két hgp phwong phap phén loai theo
chét luong xo04ai ¢6 hi¢u sudt phan loai cao. Tét ca s& duoc thyc hién trong chuong II.

Chuong II: Nghién ciru mé hinh thi nghiém hé thong phan loai xoai theo khi lugng. Chuong nay dua vao co sé Iy
thuyét & chuwong I dé nghién ctru va mé hinh hé théng phén loai xoai theo khéi lugng nham xac dinh va so sanh giira khoi
lugng trai xoai thuc té va khoi lugng trai xoai can trén bang tai (chua ing dung cong nghé xir Iy anh 1én hé thdng). Tim
ra sai s6 dé khic phuc va lya chon két qua cho khéi lugng trai xoai phu hop dé tién hanh tmg dung xir Iy anh 1én hé thong
phan loai xo0ai trong chuong III.

Chuong I1I: Phén loai xoai theo khdi lugng, thé tich va khuyét tat sir dung cong nghé xir Iy anh. Chuong nay tmg dung
cong nghé xir 1y anh 1én hé thong phéan loai xoai ¢ mo hinh hé théng va hoat dong & chwong II, ap dung va lya chon phuong
phap phan loai t6i wu dé xac dinh khdi lugng (két qua khéi lugng & chuwong I duge didu chinh lai trén hé théng nay), thé
tich va khuyét tat trai (chat lugng bén ngoai). La budc dau cho tmg dung Al 1én hé thong dé xac dinh phuong phap mé hinh
du doan mau sac khuyét tat xoai chinh x4c nhat (vi chuong nay phuong phép xir 1y anh con sai s6, chua tdi wu), dong thoi
du doan d¢ Brix cta xoai trong chuong IV.

Chuong IV: Hé thong phan loai xoai sir dung cong nghé xir 1y anh két hop tri thong minh nhan tao. Muc dich 14 tmg
dung Al 1én hé thong phén loai xoai & chuong III dé x4c dinh phuong phdp mé hinh dy doan mau sic khuyét tat xoai
chinh x4c nhit (phwong phap phan loai & chuong III con han ché) va du doan d6 Brix xoai (chat lugng bén trong) nham
hoan thién va tmg dung hé thong phén loai xoai hiéu suit cao (ké ca ning suat) sir dung cong nghé xtr 1y anh két hop AL

Chuong V: Két luan. Chuong nay théo luin cic van dé trong nghién ciru va tmg dung cua dé tai, nhitng thuan loi
va kho khian ciing nhu dua ra giai phap, phuwong an xir Iy. Cac van dé can nghién ciru, giai quyét va phat trién. Cudi cing
nhan dinh va rat ra cac két qua dat dugc tir cac chuong cling nhu dua ra huéng phat trién dé tai.



CHUONG II: NGHIEN CU'U MO HINH THi NGHIEM HE THONG PHAN LOAI XOAI
THEO KHOI LUQNG

Trong chuong I di tong hop, phan tich, ddnh gia tong quan va co s& 1y thuyét cac van dé nghién ctru, cac tai liéu dé
tim ra thuan loi va han ché, wu va nhugc diém cua cc phuong phap thyc hién 1én hé théng phan loai néng sén, ddc biét
1a v6i xoai. Chuong II s& di vao nghién ciru mé hinh hé thong phan loai xoai theo khdi lugng, bude dau cho viéc hinh
thanh hé thong phan loai xoai ty dong tmg dung cac phan tiép theo 1a xtr Iy anh va Al (dé cap ¢ chwong III va IV). Mo
hinh thi nghiém phan loai xoai niy bao gdm nguyén ly hoat dong cho hé théng, cac co cAu bang tai, co ciu diéu khién,
co ciu chép hanh, co cdu phan loai... nham thyc hién phan loai xoai theo khéi lugng dé so sanh va xac dinh gitra khéi
lugng xoai thuc té va khoi lugng xoai can trén bang tai. Tur do, h¢ théng phan loai xo0ai tg ddng dugc hoan thién vdi sai
sO khoi luwgng trai trong pham vi cho phép.

2.1. Khai quat vé mé hinh h¢ théng phan loai xoai theo khéi lwrgng

Céu tao ctia m hinh hé théng phan loai xoai theo khdi lwgng gom céc phan dugce két hop, gan trén cing 1 khung c6 dinh

va bo tri theo thr tw tmg phan (Hinh 2.2).

Xir Iy
anh
Déu Cocaugat || conyndi |s| Cocu
o (loai bo trai lwong phén loai
hong) i ]
Tinh
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 xur Iy anh mau, tim ra mau sic, khuyét tat hinh dang va tinh thé tich trai xoai;

Co cau gat loai bo nhiing trai khong dat yéu cau vé hinh dang;

Bing tai c6 chira Cam bién lyc (Loadcell) dé tinh khdi lugng ciia timg tréi xoai;

Bing tai ¢6 co cAu phan loai dung dé phan loai xo0ai ra thanh céc loai.
2.2. Co cédu bing tai tinh khdi lwong xoai

Nguyén 1y hoat dong: Xoai dat chuan vé hinh dang mau sac s& theo bing tai di qua khu vuc xir ly. Tai day ¢ dudi
bang tai duoc gan 1 Loadcell 1am nhiém vu c4n khéi lugng cua trai xoai (két ndi truc tiép véi PLC). Sau d6 két qua duoc
tra vé PLC xur ly tiép theo. Khoi lugng thuc té cua trai xoai trong (2.3).

m=m;+m, (2.3)

Trong d6: m; 1a phan khéi lugng ma bi mat do lyc dan hoi (bang hop luc cang bang tai tai thoi diém dang xét); m,:
phan khi lwong ma Loadcell doc dugc.

Gia st bang tai gian déu vai lyc dan hoi: Fan= K.Al

ES

Véi K (N/mm) 14 hé s6 dan hoi: K:

lo
Trong d6: E 1a modun dan hoi ctia bang tai

S 1a tiét dién bang tai

1y chiéu dai bang tai xét

Al (mm) la d gian ra cua bang tai

Tai thoi diém bang tai chay 6n dinh voi van toc v (mm/s)
Khi c6 tai (trai xoai) thi bang tai chin xuéng mot doan a
4
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Hinh 2.5. So 6 tinh khéi lugng thuc té ctia xoai va phan tich tinh tai trong xoéi lén bang tai theo truc x

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

Theo dinh ludt 2 Newton: P+, T=0
Khi phén tich: izt Tl) =Xie1Toxz + X1 Toyz

Xét trong hé truc Oxz: Gia sir ban dau chua co tai (trai xoai) thi bang tai b gidn ra 1 doan Al boi lyc kéo bang tai (Hinh 2.5).

Phan tich: Fk: Fdh: T = KAI
Véi T (N) 1a lyc cang tai B khi bang tai chay voi van toc v (mm/s):
1000.P
Fi=—"—(N)
Véi P (w) cong suit truc B; = % ;
xlol

Chon: 1n,=0.97;1n,=0.99
Vi bing tai gidn déu nén xét tai diém C céch A 1 doan x thi Iyc dan hoi 1a: Fay Fap:
Fani = Fano

l l
Ki=K.—; Ky =K. —

Ali=x— X5 (mm); Al2 = [ —x — ”_’C)(Iﬁ (mm);

Khi da co6 tai trong (trai xoai):
Gié st 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’;

Véi: T = KAL; Ty = KAl

o la goc hop béi Ty’ va Ty’
Xét can bang tai diém D: P—ll) = E)’ + E)’
Theo dinh 1y cosin: P 2=Ti 2+ T’ 2+ 2T’ Ty’ Cos (o)
Suy ra: my, = %.1000 (2 (2.4)

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

Két qua: Dya vao d6 thi Hinh 2.7, khi trai xoai chay tir dau bang tai dén cudi bang tai thi khéi lugng Loadcell doc vé s&

thay d6i ma cam bién khong thé nao canh duoc trai xoai dén dang 1 vi tri x (ddt Loadcell dé can) nén dé ra phuong an giai quyét:

cach thirc thyc hién viéc can dong nang cao d6 chinh xéc. Vi h¢ théng phén loai hoat dong lién tuc khi bat dau khoi dong, bang

tai chira x0ai quay theo van téc 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 xdy ra tinh trang dirt quing dé hu hong hé thong co khi va 16i

chuong trinh diéu khién trén hé thong, dé nang cao d¢ chinh xac khi can dong nén tién hanh diéu chinh phan cimg (co cau dat

trai xoai trén bang tai dwoc cai tién lai cho phii hop, thay d6i bang tii con lan can xoai thanh bing tai chira khay dung timg tréi).

Xét trong mit phiang Oyz: twong tu nhu Oxy.
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Hinh 2.7. Biéu d6 lién h¢ giita khdi lwong xoai 1én truc x

Khi thi nghiém, vé6i toc d6 v = 4,21 v/p thi bang tai hoat dong 6n dinh cho ra két qua do it sai s6 nhét so voi khoi

lugng va thé tich thyc té cua trai xoai.

Khéi lwong 100 trai xoai thuc té va khi can v6i v = 6,31 v/p va v =14,21 v/p (Bang 2.1).

2.3. Két qua x4c dinh khéi lwgng xoai trén bing tai

Bang 2.1. Khéi luong xoai thuc té va khi can trén bang tai véi v = 6,31 v/p va v =421 v/p

STT Khoi lwgng | Khbilwong khiv | Khoi lwgng khiv
thuwe te =6,31 v/p =4,21v/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 dugc danh du va mdi tréi cho chay 10 lan (vong), lay gié tri trung binh
mdi trai), dit lidu thir nghiém dura vao gi tri xir 1y s liéu thuc nghiém thi duogc coi 1a dat [9]), d& dang nhan thay rang khéi lugng
khi can trén bang tai dong s& luén nho hon khdi lugng gbe mot gia tri nao d6. Va khi can xoai trén bang tai vai van toc = 4,21 vip
s¢ gﬁn v6i khéi luong xoai thuc té, chinh x4c hon so vdi van toc v=1631 v/p. Tuy nhién, sai s6 khéi luong van con kha cao, vin
dé nay s& duoc giai quyét trong chuong 111, khi két hop hé thong phan loai v6i cong nghé xir 1y anh, s& diéu chinh cac thong s6
phu phudc gitip giam sai s6 toi da nham xac dinh khi lugng trai xoai chinh xéc, it sai s6 so voi khdi lugng xoai thuc té.

2.4. Két luan

Khi nghién ciru tong quan va co sé 1y thuyét vé cac mo hinh va hé thong phan loai nong san cac nghién ctru trong
va ngoai nudc. Tién hanh nghién ctru va hoan thanh viéc tinh toan, ing dung thanh cong mé hinh hé thdng phan loai
xo0ai ty dong theo khéi lugng, bude du cho viée ing dung cac phuong phap mé hinh sir dung cong nghé xir 1y anh 1én
hé thong phén loai x0ai & chuong III.

Trong nghién ciru ¢ xac dinh khoi lugng trai xoai khi can thyc té va khdi lugng xoai khi cho cho chay trén bang
tai, so sanh khoi lugng giira 2 két qua, sai s6 xay ra v6i khdi luong xoai can trén bang tai sir dung Loadcell thi ludn nho
hon khdi lugng xoai thuc té. Dé khic phuc diéu nay, khi dén chuong III da thyuc hi¢n diéu chinh lai sao cho khdi lugng
x0ai can trén bang tai cho sai s6 nho nhat (sai s6 cho phép) so vai khdi luong thuc té.
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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 ¢4 nghién ctru va hoan thanh viéc nghién ciru tinh toan thanh cong mé hinh hé thong phan loai xoai
tu dong theo khéi lugng. Tai day, so sanh va x4c dinh dugc khdi lugng trai xoai khi can thuc té va khi chay trén bang
tai. Tuy nhién da xdy ra sai sb khong nho giira khdi lwong trai xoai khi can trén bang tai va thyc té. Dé khic phuc diéu
nay, khi dén chuong III da thyc hién diéu chinh lai sao cho khdi lugng xo0ai can trén bang tai cho sai s6 nho nht (sai s6
cho phép) so vai khdi lugng thuc té va ing dung xtr 1y anh 1én hé théng. Phuong phép thyc hién diéu chinh hé thong,
diéu khién cac thong sé dau vao trén phan mém hé thong may chu (trong do6 co diéu khién xac dinh khdi lugng xoai qua
Loadcell), img dung cong nghé xir Iy anh dé phan loai khuyét tat, tinh thé tich trai, sau d6 xac dinh khdi luong trai xoai
phan loai dau ra duoc chinh xac tung loai 1, 2, va 3.

3.1. Khai quat vé cong nghé xir Iy anh

Quy trinh phan loai xoai st dung cong nghé xtr Iy dnh:

Phan loai xoai

dua t'rén
/ khuyét tat
Yo [of Tomem | Xl Phan loai xodi theo
chup anh anh khéi lugng
Xac dinh thé /
tich xoai

Hinh 3.1. So db quy trinh phan loai xo0ai str dung cong nghé xir ly anh

Phuong thirc thuc hién (Hink 3.1): dit liéu xoai nguyén liéu ban dau (gan nhin) dugc do thi cong bang cac phuong
phap ding thude kep do chidu dai, rong va cao (thé tich) va tinh thé tich trai bang phuwong phép binh tran, xac dinh khi
lugng bang can do. Pay 14 bo dit liéu mau ban dau. Khi c6 bd dir liéu, dua xoai 1én hé thong phan loai, tai budng xir Iy
anh, camera s& quay video, chup dnh dua vé hé thong xir Iy anh (trung tdm diéu khién) dé xir Iy anh (nhiéu cong doan s&
dugc gioi thigu trong phan nay). Tai day, xoai s& dugc phan loai theo khuyét tat tim thdy, dong thoi hé thong xir Iy anh
s& xac dinh thé tich xoai bang phwong phap thong ké. Sau do, két hop voi hé thong xac dinh khoi lwong xoai dé phan
loai xoai ra tung loai 1, 2 va 3.

3.2. Nguyén ly hoat dong hé thong xir 1y dnh

bén
chicu sang
v o =
May anh Anh chup Xit 1§ hinh anh
Hé théng diéu khién, | Trich xuét thong tin | Phan tich anh
co céu chép hanh (dit liéu) tir anh sau khi xir Iy

Hinh 3.2. So db nguyén tic xir 1y anh trong thi giac may
Mau sic trong thi gidc may duoc sir dung dé wdc tinh do Brix, mirc do khuyét tat, thoi gian bdo quan va gia tri dinh
dudng. Vé thi gidc méay s& c6 hai phan chinh: chup anh va xir Iy anh. Dé tai nay ap dung cho trai cdy don mau, hé thong s& xac
dinh cu thé cac thudc tinh cia trai xoai nhu: kich thudc trai (chiéu dai, chiéu rong, chidu cao), kich thudc phan khuyét tat (dién
tich phan khuyét tat). Nguyén tac xir Iy anh trong thi gidc méay dugc thé hién trong Hinh 3.2.
3.3. H¢ thong phan loai xoai sir dung cong nghé xir Iy anh

3.3.1. Giai thuat h¢ thong phan loai xoai theo khuyét tit, thé tich va khoi lwgng
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Hinh 3.4. Luu do giai thudt hé thong phan loai xoai theo khdi lugng, thé tich va khuyét tat trai
Heé thong xtr Iy anh c6 nhiém vu tiép nhan xoai tir bo phan cip xoai, di chuyén va chup hinh toan by bé mit ciia trai xoai, sau
d6 tién hanh xir 1y va phan loai ra timg loai 1,2 va 3 (Hinh 3.4).
3.3.2. Quy trinh xir Iy 4nh va tinh toin s6 li¢u
3.3.2.1. Thu nhén dnh
Camera dat trong hé thong xir Iy anh (Hinh 3.6) va dat yéu cau xtr Iy anh. Dya vao thong s6 ky thuét ciia camera va qua thuc
nghiém cho thiy camera d4p tmg dugc yéu cau. Qua thuc nghiém, dit camera ¢ giira budng chup cach bang tai con lan 50 cm.

Budng chyp anh

Tam phan ludng

Bang tai con lan

Hinh 3.6. H¢ thdng xir Iy anh
Budng chup: Dung 1 camera dugc bb tri dé chup tir trén xudng,

Mo ta cach bb tri camera: Camera dugc dit ngay gitra budng xir 1y anh (trén dén anh sang, budng chup di loc mau,
khit nhiéu do 4nh sang), thing vudng goc véi bang tai con lan, khi xoai di chuyén qua budng chup nho co cau lan xoai s&
1an 360°, quanh tim ciia qua xoai, muc dich dé tim ra cac khuyét tat hinh dang, khuyét tat c6 trén bé mit trai xoai nhu: dém
nau den, tham, bam, héo va xac dinh thé tich trai xoai, chuong trinh may tinh c¢6 nhiém vu chup anh céc bé mat cua qua
x0di, dong thoi xac dinh s thir tr clia timg trai.

Dinh vi trai xoai trén bang tai (trong budng chup): Qua qua trinh thuc nghiém (tinh toan nay da dugc cai tién so véi

céc thong s6 ban dau trong chuong II dé phu hop véi muyc tiéu yéu cau de ra), chiéu dai xoai toi da ctiia xoai 1a 150 mm,
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bé rong 16n nhat ciia xoai 1a 80 mm, dé dap mg ning suét tdi thiéu 3 tin/gio, khi tinh toan chiéu dai doan bing tai tbi
thiéu 1a 1850 mm. Khoang cach giira 2 dng ldn bing tai 90 mm nham dam béo cac trai xoai khong cham trong qua trinh
truyén tai giup camera d& quét timg trai xoai.

Vi khoang cach 2 truc bang tai 1850 mm, dugc 20 khoang chira. Bé rong bang tai 1050 mm, chia thanh 3 ludng
dan xo0ai. Mdi hang gan nang 3 tri xoai, trung binh khoang 0.3kg/trai. Suy ra 1 vong quay bing tai (9 go) nang dugc 9
trai. Tong s6 xoai t6i da trén bang tai la 60 trai nham dap ung ning suét yéu cau.

Vi cac thong s6 di dugc tinh toan, mdi quan hé giira van toc dai bang tai, tbe do xir Iy camera va toc d9 xir Iy clia hé thong:

Van téc cua bang tai trong (3.2):

= o005~ Gonoo =04 -
Trong d6:
z = 38 (rang): S rang dia chu dong
t=p=12,7: budc xich
n =23 (vong/ phit): S6 vong quay banh xich chu dong
Véi tde d xir Iy camera 1a 30 khung hinh/giay, s& dé dang quét rd cac vét khuyét tat trén xoai.
Cong suat lam viéc ctia bang tai trong (3.3):
P Fv 1004,5.0,14 — 0,14k (3.3)

Y1000 1000
Trong d6:
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 1a khoang cach giita 2 6ng lin
bang tai) va toc do xir 1y (cong suat hé théng) ciia hé théng phan loai.
3.3.2.2. Tién xir Iy 4nh
3.3.2.3. Nhi phan héa dnh

Nhi phan hoa anh 1a qua trinh bién d6i anh xam thanh anh nhi phan, dugc thé hién trong (Hinh 3.14).
3.3.2.4. Chuyén anh mau RGB sang anh xam (Hinh 3.14).

Anh nhi phan

Hinh 3.14. Chuyén anh mau RGB sang anh xam va Chuyén anh xdm sang nhi phan

3.3.2.5. Phat hién khuyét tit va tinh dién tich khuyét tat
3.3.2.6. Phin loai dua trén dién tich khuyét tat

Tinh toan xap xi dién tich ciia mot Pixel.

Két qua do kich thudc thuc cia mot trai xoai mau va sb Pixel twong tng:

Chiéu dai(L): 13,69 cm — 426 pixels

Chiéu rong®: 8,51 cm — 281 pixels

Chiéu cao(H): 7,28 cm — 258 pixels



i ISP L 1369 _ 851
Twr d6 tinh duge xap xi dién tich ciia mot pixel: 2260 =X 2810 = 0,09732 mm?

Phén loai: Tim phan dién tich khuyét tat 16n nhat néu 16n hon hodc sé ving khuyét tat 16n hon ¢ viing ma mdi ving c6 dién tich

16n hon quy dinh thi tréi xoai bi loai (Hinh 3.19).

Hinh 3.19. S6 ving khuyét tat tim thy
3.4. H¢ thong xir Iy anh tinh thé tich xoai
3.4.1. Phuong phap 1 - Tach 16p cit tinh thé tich xoai
Két qua thé tich xoai thu duoc khi tinh bang Kinect so vai thé tich thuc (Hinh 3.25).

SO SANH PP1 V&I THE TicH
XOAI THUC

= Volume (ml) = Method 1

700
600
500
400
300
200
100

Hinh 3.25. Biéu d so sanh thé tich tim duoc bang phuong phap 1 va thé tich thuc

Két luan: Tir biéu dd Hinh 3.25, su chénh léch giita thé tich thuc cta xoai va thé tich tim duoc bang phuong phap
tach 1p ct 14 kha 16n. Diéu nay din dén viéc phan loai s& khong chinh xéc cao.
3.4.2. Phwong phap 2 - Théng ké kich thwéc (theo thé tich)

Buée 1: Thong ké kich thudc (theo thé tich)

Budéce 2: Tim phuong trinh phu thude

V6i 3 bién dau vao (chiéu dai, chiéu rong, chiéu cao) va mot bién dau ra (thé tich), sir dung hoi quy da bién dé tim
mdi quan hé giita chung. Cir hiéu rang, khi sir dung kich thudc thé tich thyc ciia xoai dé tim phuong trinh phy thudc, sau
d6 str dung Kinect dé tinh chiéu dai, chiéu rong, chiéu cao va voéi phuong trinh phu thude s& tim dugc thé tich tuong tmg.
Phan mém SPSS ho trg vé hdi quy da bién dé tim phwong trinh phu thudc. Cho bién dau vao va bién dau ra, SPSS s& cho
chinh xac nhat phuong trinh phy thugc va cac biéu do lién quan. O day bién dau vao 1a kich thudc ctia xoai va bién dau
ra s& 1a thé tich xoai twong tng, két qua trong (Bang 3.1).

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

<X A A R Hé )
Bién Bién khong phu He 50 chura chuan hoa chuin héa .
phu " : %A t Sig.
thude thudc ﬂ Sai so 1éch
j chuan Beta
. (constant) -1000.959 62.866 -15.922 .000
Thé Chiéu dai (mm) 3.249 0.352 0.452 9.237 .000
tich Chiéu 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 (3.5).
The_tich = 3.249 = chieu_dai + 2.956 * chieurong + 10.155 * chieu_cao — 1000.959 3.5)

Histogram Normal P-P Plot of Regression Standardized Residual
Dependent Variable: Volume (ml) Dependent Variable: Volume (ml)
1.
Mean =-2 88E-15 09|
12+ — Std. Dev. =0.963
N =42
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Hinh 3.28. Biéu d6 tan s6 phan du chuan héa va biéu d6 phan du chuan hoéa Normal P-P

Tir biéu do Hinh 3.28 thi gi4 tri trung binh Mean gan bang 0, do 1éch chudn 1a 0.963 gan bang 1, nhu vay c6 thé
n6i, phan phdi phan du x4p xi chuan. Do d6, c6 thé két luan rang: Gia thiét phan phdi chuan cta phan du khong bi vi pham.

Khi d6 truy suat biéu do phan du chuin héa Normal P-P (Hinh 3.28) va biéu d6 phan tan bién doc 1ap thé tich dé
xéac dinh phan phdi chuin va quan hé tuyén tinh. Tir biéu dd Hinh 3.28 thiy rang cac diém phan vi trong phan phdi cua
phan du tap trung thanh 1 duong chéo, nhu vay, gia dinh phan phdi chuan ciia phan du khong bi vi pham.

Budée 3: Tim kich thudc qua Kinect

Budrc 4: Tinh thé tich xoai

Duya vao phuong trinh phu thudc da tim ra tir mot loai xoai cat Chu hodc cat Hoai Ldc, iing véi tung loai xoai can
xac dinh chiéu dai, chiéu rong va chiéu cao thi suy ra duoc thé tich twong tng.

Két qua thé tich xoai thu duoc khi tinh bang phwong phap théng ké Kinect véi thé tich thuc té (Hinh 3.32).

Nhan xét: Tir biéu d6 Hinh 3.32 thdy sy chénh léch giita thé tich thuc va thé tich tinh todn ciing con kha 16n. Chu

yéu do anh thu vé tir Depth sensor c6 dd phan giai con thap, dé bi nhiéu boi méi truong.

SO SANH PP2 VI THE TicH
XOAI THUC

= Volume (ml) = Method 2
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Hinh 3.32. Biéu db so sanh thé tich tim duoc bang phuong phap 2 va thé tich thuc
3.4.3. H¢ thong phan loai xoai sit dung Camera — RGB
Phuong phap thong ké tinh thé tich theo kich thuéc:
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O hai budc dau: Théng ké kich thudc (theo thé tich) va tim phuong trinh phy thudc, da thuc hién & phuong phap thong ké
theo Kinect. Nén & phan nay khong nghién ctru 2 bude ndy ma chuyén dén 2 bude tiép theo.

Budce 3: Tim kich thuéc qua Camera

Dau tién, & hau hét loai xoai thi s& c6 mot ngudng mau nhat dinh. Nén s& chinh ngudng va bat diu chuyén sang anh
xam sao cho anh thu dugc c¢6 phong nén va xoai 1a 2 gia tri mau tach biét. O ddy ngudng dé tai dat 1a 135 (mau xoai do
chuyén gia cung cip), ngudng ctia xoai dao dong trong khoang 140-255 (v6i 5000 trai xoai Cat Hoa Loc & Pong Thap).

V& hinh chit nhat dé kiém dinh viéc xac dinh kich thudc pixel ding hay sai (Hinh 3.35).

VOLUME

IPPLC:

G )

Hinh 3.35. Két qua thu duoc sau khi xac dinh kich thudc xoai

Khi da c6 kich thudc theo pixel va ciing c¢6 dugc kich thudc ctia pixel nén chi can nhan chiing vao thi c6 dugc kich
thudc that cia xoai.

Buéc 4: Tinh thé tich xoai

Dua vao phuong trinh phu thudc da tim duge & phuong phap trude va véi kich thude that tim duge & budce 3 nén thay vao
phuong trinh dé tinh dugc thé tich trong tmg.

Két qua thé tich xoai thu dugc khi tinh bang phuwong phap thong ké theo kich thude sir dung Camera RGB.

3.4.4. Két qua phwong phap tinh thé tich xoai sir dung xir Iy anh

Dé tai da thuc nghiém dé lya chon ra phuong phap tinh gan chinh x4c nhét thé tich ciia xoai.

Qua s6 ligu thuc nghiém, nhan thay rang véi phuong phép 2 (thdng ké) thi thé tich xoai c6 gia tri xap xi gan thé tich
xo0ai thuc véi sai s6 thap nhat. Vi vay phuong phap 2 s& dugc dp dung trén mé hinh hé thong phén loai xoai ctia dé tai.
3.5. H¢ thong tinh khéi lrgng xoai dé phan loai

Bude 1: Két hop giira cam bién va Loadcell

Thuc nghiém trén 100 trai xoai (dugc danh déu mdi trai va cho chay 10 lan (vong) dé kiém tra su on dinh hé théng,
lay gia tri trung binh mdi trai), dit liéu thir nghiém dua vao gia tri xtr Iy sé lidu thuc nghiém thi duoc coi la dat [9], v6i
két qua thu dugc thuc té (Bang 3.3).

Tir két qua trén bang, dé dang nhan thiy rang khdi luong khi can trén bang tai dong s& luon nhé hon khéi lugng gbc
mot gia tri ndo d6. Vi két qua c6 su sai sd chénh léch kha cao, tién hanh diéu chinh cic bo phan nhu bang tai chira x0ai
va diéu chinh co cdu diéu khién trén hé thong sao cho sai sé giam xudng muc cho phép.

Két qua duge dua vao Excel dé tinh, mdi quan hé giira 2 dai lugng nay (khdi luong gdc va khdi lugng can trén bang
tai) c6 quan hé tuyén tinh véi nhau theo phurong trinh bac nhét (3.8).

Phuong trinh can tim: v =1,060952497. x + 63,01837755 (3.8)

T phuong trinh (3.8) va xay dung theo khdi trong PLC d tién hanh tinh toan ra khdi lugng chinh xéc. Két qua sai s6 (Bdng 3.3).

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

Suy ra: Phuong trinh hop 1y.
12



Biéng 3.3. Sai s6 tinh khdi Iugng xoai thuc té va tinh bang phuong trinh

<. Khoi lwrgng Khi cin véi . , 3
srr | Knéi luong bang ti Kndi lugng tioh bing. | g1 5
: v=4,21 (v/p) (x)
1 410.4543 329.5663 412.6726 -2.21827
2 469.9725 382.7528 469.1009 0.8716
3 323.1496 243.6132 321.4804 1.6692
4 551.0186 459.2086 550.2169 0.8017
5 4429044 356.4762 441.2227 1.6817
6 432.1404 348.2459 432.4907 -0.3507
7 451.4862 367.7153 453.1468 -1.6604
98 399.6903 316.5863 398.9014 0.7889
99 393.7589 313.2621 395.3746 -1.6153
100 469.9725 383.5443 469.9407 0.0318

Budce 2: Tao mang gia tri trén Visual Studio.
Buéc 3: Tinh ra dugc khdi lugng trai xoai
Tir mang vira dugc tao phia trén, dung ham chon ra gia tri 16n nhat, luc nay gia tri ¢6 chinh 1a khdi lugng can
tim cua trai xoai.
3.6. Co' ciu phan loai xoai ra tirng loai

Hé thdng xir Iy anh c6 nhiém vu tiép nhan xoai tir bd phan cap xoai, di chuyén va chup hinh toan bo bé mit ctia trai xodi, sau
d6 tién hanh xir 1y tinh khdi lugng, tinh ty trong (theo thé tich va khdi lugng) va phan loai ra timg loai 1, 2 va 3.

3.7. Két qua phan loai xoai theo khoi lwgng, thé tich va khuyét tat sir dung xir ly anh

Trong chuong II, khi hoan thanh hé thong phén loai xoai theo khdi Iwong thi dén chwong III nay da thuc hién tmg dung cong
nghé xir Iy anh thanh cong 1én hé thong phan loai xoi. Ung dung cong nghé xir 1y anh 1én hé théng phén loai dé tim ra phuong
phap phén loai xoai theo khuyét tat va thé tich. Thiét 1ap phwong trinh phu thudc (3.5) va tim ra phuong phép théng ké
(theo thé tich) cho két qua sai s xoai 1a thap nhét nén sir dung phuwong phép nay cho hé thong.

Xay dung thuat toan diéu khién va bang phuong phap ndi suy dé tim ra phuong trinh tuyén tinh bac 1 (3.8). Tlr phuong trinh
vira tim duorc, xay dung theo khdi trong PLC dé tién hanh tinh toan ra khdi lugng chinh xac, két qua tim ra sai s6 khéi lugng nho
nhat (< 2 gram) nén phuong phap nay dugc ap dung 1én hé thong phan loai.

Khi tinh dugc thé tich va khéi lwong, dwa vao cong thirc tinh ty trong, tim ra dugc ty trong cua trai xoai (ty trong
trai xoai cho phép tir 1.0 -1.1) va sir dung co cdu dé phan loai xoai ra loai 1, 2 va 3.

3.8. Két luan

Heé théng phan loai sir dung cong nghé xir 1y anh cho két qua phan loai dat két qua theo yéu cau. Tuy nhién, phan
xir 1y anh van cho két qua sai s6 nho, thong qua viéc trich xuat hinh anh nhing qua xoai c6 khuyét tit mo, hodc cac ving
khuyét tat chwa xac dinh. Dé khic phuc hién twgng nay, nghién ctru sé str dung phuong phap mé hinh dy doan d¢ chinh
xé4c x0ai theo mau sic khuyét tat mot cach triét dé 1én hé théng phan loai, dugc dé xuét trong phﬁn tiép theo chuong I'V.

Vi vay, ¢ chuong III ndy s& tim ra phuong phap xac dinh khdi lugng, thé tich va khuyét tat trai sir dung cong nghé
xur 1y anh. TUr d6 xac dinh dugc khdi lwgng, thé tich va khuyét tat trai theo tiéu chuan xoai dit ra trén hé thong phan loai.
Tuy nhién hé thong phan loai nay chi danh gid dugc chat lugng bén ngoai trai xoai, chua xac dinh dugc chat lugng bén
trong trai va xuat hién sai s trong phén loai. Dé dénh gia dugc chat lugng bén trong trai xoai phai ding mot phuong phap

khac ngoai xir 1y anh, d6 1a sir dung Al 1én hé thong phan loai trén, s& dugc dé cap trong chuong IV.
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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 chwong III khi hoan thanh hé thdng phan loai xoai theo khoi lwong, thé tich va khuyét tat trai sir dung
cong nghé xir 1y anh. Hé thong phén loai nay chi danh gia duoc chat lugng bén ngoai trai xoai va hé thong xur 1y anh
cling xay ra sai s6 do cac vét khuyét tait mo hodc chua xac dinh dugc. Giai phap 1a két hop dénh gia dugc chat lugng
bén trong trai thi can phai tmg dung Al vao giai thuét ciing nhu bai toan xac dinh dén chat lugng cia trai xoai. Dén
chuong IV nay tiép tuc nghién ciru hé thong phén loai xoai sir dung cong nghé xir 1y anh két hop Al dé phat trién hé thong
phan loai xoai & chuong III. Vi hé thong phan loai niy, ngoai hé thong xir 1y anh, s& dugc két hop véi thi gidc may
tinh va mang than kinh nhan tao dé phan loai chinh x4c cac khuyét tat va du doan do Brix xoai. Sir dung 4 phuong phap
mo hinh LDA, SVM, KNN va RF dé phan loai xoai chinh xac. Ngoai ra tmg dung mang than kinh FFNN du doan chinh
xéc dau ra do Brix xodi.

4.1. Khai quat h¢ thong phan loai xoai sir dung cong nghé xir Iy anh két hop AI

Ngoai cac nghién ctru & phan tong quan thi c¢6 nhiéu nghién ciru khac c6 hig¢u qua trong phan loai trai cdy trudc day
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 ctru ndy, cac thi nghiém dugc dé xut véi bén phuwong phap may hoc
nhu SVM, DA, KNN va RF. Két qua ctia cac thi nghiém duoc chi ra ring chiung cho d6 chinh x4c cao hon sau khi phan
tich so voi cac phuong phéap duogce st dung trude do.

—1 Bo xir IV trung tim I—

L
—I Quy trinh xir Iy anh I— v

Ndi suy khung hinh -
nhén biét d6 séu ;' Ap dung mé hinh |
1
: * : :
| Bé loc nhiéu anh | e : - KNN |,
. |
: 1
! 1
! 1

v
Tinhigu | | | TR | M
Loadcell ] at hién ranh gion chi
y EAEPTR— |
Hinh dang va
e

>{ U'4c tinh trong luong I—J

Hinh 4.1. C4c quy trinh van hanh ctia hé théng phan loai xo0ai

Bén thuat toan may hoc dugc giam sat ndi tiéng nhét duoc thao luan bao gém LDA, SVM, KNN va RF. Qua trinh
hinh 4nh sap xép xoai bang may hoc dugc mé ta trong so d6 ctia Hinh 4.1.
4.2. Chuén bi dir liéu cho qua trinh chim diém

BO dit liéu bit dau dugc st dung dé huan luyén cac mo6 hinh dy doéan phai thyc sy chinh xac (accuracy va precision)
va da dang. Cang nhiéu dit liéu ¢6 sén cho huin luyén md hinh dy doan, mé hinh cang chinh xac. Do d6, Do luong va
thu thép dir liéu ctia nghién ctru dién ra bat ctr luc nao khi thu hoach xoai. D@ li¢u xoai dugc thu thap dua trén cac phép
do thyc té. Mdi chiéu dugc do nhiéu lan.
4.3. H¢ thong phan loai xoai sir dung thi gidc may

Trong chwong III da thiét 1ap hé thong phan loai xoai theo théng phéan loai xoai theo mau sic, khéi lugng va thé
tich. Trong chuong nay, thi gidc may s& dugc ap dung dé phan tich hinh anh nhin thay dugc. Nghién ctru nay bao gdm 3
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budc: Trong bude dau tién, d6 1a qua trinh ghi anh, trong d6 hinh dnh dugc thu nhan tir budng xir Iy hinh dnh thong qua
hé théng bang tai con lan. Tir bén trong budng xir Iy hinh anh dwgc niém phong va chiéu sang, hinh nh ciia xo0ai duge
chup va luu lai. Trong budc thir hai, hinh anh dugc chup trai qua nhiéu budc xir 1y nhu ting khung hinh/giay fps (khung
hinh trén gidy), bd loc nhiu hinh anh, phat hién canh va theo doi ranh gi6i. Cubi cing, budc thir ba 1a mot qué trinh ma
chiéu cao, chidu rong va khuyét tat dugc trich xuat va tong hop thanh mot tap dir liéu. Nghién ctru [98] cho thdy mot céi
nhin khach quan vé tinh chinh xé4c ciia phuong phap ngudng. Phuong phap ngudng duge sir dung dé chuyén doi anh mau
thanh anh nhi phan, sau d6 anh dugc xtr Iy thong qua chudi xir Iy hinh anh. Xt 1y hinh 4nh dugc thuc hién trén mdi khung
hinh. Cac khung dugc loc dé phét hién nhiéu, phat hién canh va theo ddi ranh gidi tir 6 cac tinh ning ctia x0di co thé

duoc trich xuat [103].

Chuén hoa Loc nhiéu
dir liéu
~
s 7
B9 dir liéu Xay d
ay dung
7y mo hinh
v may hoc
Danh gia by
dir liél{ trén .
héthong  [NN—— Huén luyén
Kiém tra I dit lidu
dir liéu -

Hinh 4.2. So d6 qua trinh chuan bi bo dir liéu xoai
4.4. Trich xuit cac tinh ning bén ngoai hinh anh xoai
Céc hinh anh dugc phan doan véi mirc 0 cho khu vuc pixel ctia xoai va 1 cho khu vuc pixel con lai trong mdi khung
hinh. Nhiém vu tiép theo 14 tinh dién tich ctia cac pixel theo kich thudc thuc té. Day 1a budc anh huong 16n dén tinh chinh
xac clia quy trinh. Véi hinh dnh nhj phan, viing pixel c¢6 thé dugc udc tinh 1a kich thude thyuc té bang cach st dung (4.20).

L = K‘/4b0undary (420)

Vihé sb K duogc ude Iugng tir cac bién gan dting, nén sai sb ctia K duoc cho trong (4.24).
1 n
e=— (L~ (KA’
L] (4.24)
Dit de = Yde; = Yhe,w; 1 tong dién tich khuyét tat va de; 1a khung khuyét tat thir iy, MOi khung hinh khuyét tat sé

c6 chiéu dai he; va chidu rong ciia wi. Boi vi ca he; va wi déu ¢ 13i &, do do, 16i ctia khuyét tit Ade duoc tinh theo (4.25).

+ 24 = 5d,, (L4 2 (4.25)

i he. wi.
i € L4

Ahe,
he,

Ade=2dei.(

Trong phﬁn nay, kich thuéc thuc té cua xo0ai dugc udc tinh thong qua cac thuat toan dugc thuc hién. Dya trén mot
loat cac cong thire tinh toan, kich thudc cua hinh anh dugc xac dinh theo kich thude thuc té v6i sai sb ch:flp nhan duoc.
Qué trinh udc tinh dugc higu chinh tily thuge vao phan clng ciia may. Ngoai ra, cdc khuyét tat trén bé mat xoai dugc
phat hién dé xac dinh tong dién tich khuyét tat.

4.5. U6c tinh khdi lwgng va ty trong ciia xoai

Trong qué trinh xir Iy anh, cac huéng ciia xoai 1a ngau nhién dugce trinh bay, tuy nhién, kich thudc ctia xoai duge xac dinh
tir mot hinh chir nhat bao phii x0ai dwa trén cac thuat toan xi ly anh. Trong mot s6 tai liéu tham khao ¢6 ba bién dé x4c dinh
khdi lwong xoai. Tuy nhién, dua trén cac nghién ctru khac [103], [98] cho thay chiéu rong (wi) va chidu cao (e) 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).
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Dir lidu thu thap dugc tir hinh anh cho thiy mdi quan hé cta cac bién va khdi lwong tity thudc vao hai bién 1a chiéu cao
(he), chiéu rong (wi). Dé x4c nhan, mot quy trinh thuc té dé do xoai thuc t& dugc thuc hién voi cac bién nhu chiéu cao (he),
chiéu rong (wi) va khdi lugng (V) trong n mau xoai. Nhiém vu 1a du doan khdi luong vai chiéu cao va chiéu rong ciia bién.
4.6. Phwong phip mé hinh may hoc trén hé thong phan loai

Mot hé thong ty hoc mdi cho phuwong phap K-Nearest Neighbors dugc dé xuat dé tu dong phat hién ngudng mau
clia x0ai trong bai toan nhan dang xoai. Pit ra mo hinh két hop ctia Mang no-ron chuyén tiép nguén cap dir liéu nhiéu
16p va thuat toan ty hoc dé du doan do Brix cia xoai dya trén mudi bon tinh nang (chiéu dai, chiu rong, d6 day (chiéu

cao), trong lugng, mat d§, R1, R2, R3, G1, G2, G3, B1, B2, B3).

1
1 1 : I 1
1 1y : 1 1
: Dit liéu 1 : : Huén luyén md hinh —» Ty huén t : Nhan :
: (600 diém : | KNN ban dau luyén 1 : : dang xoai :
1| ®RGB) |1} i ! i
1 1 A
\ | : R, G, B, chiéu dai, P _| 1
1 i chiéu réng, khuyét tat r{ Chiét xuat tinh ning :
1 1
1 1 : : 1 1
1 1 z 1 1
1 Dit liéu 2 1 : Huén luyén md ‘hinh Ty huan : 1 D6 Brix 1
V| s12diém | )0 FFNNbandau  [—® luyén2 i xoai ;
1 cua 14 1 : T : : :
1 gigil 1
i tinh ning) ;i : - 1 |
i 'y | Kién tric md hinh 1 :
H ;», FFNN 'y |
\ ! [ 1

Hinh 4.8. M6 hinh hé théng ty hoc cho phuong phap K-Nearest Neighbors

Giai doan 1 - M6 hinh huén luyén; Giai doan 2 — Nhéan biét anh; Giai doan 3 — X1t ly 4nh; . Giai doan 4 — Cap nhat dir liéu.
4.7. Phén loai xo0ai str dung ciac phuong phap mé hinh LDA, SVM, KNN va RF

Tu cac mua xoai khac nhau, 4983 mau xoai dugc do chinh xac va can than (Moi trai tir 300-500 gram gém 3 loai xoai
theo quy dinh, mdi thang lay mau du dé thi nghiém [8]. Lwong dit liéu thu dugc tir mdi thang dwoc ghi trong Bang 4.1. Dit
lidu xo0ai dugc thu thap dua trén cac phép do thuc té trong d6 chidu dai va chiéu rong (chiéu cao, chiéu rong, kich thudc cua
khuyét tat) dugc do bang cac cong cu Mitutoyo véi do chinh xac 0,05mm. Ngoai ra, trong lugng ctia mdi trai xoai duge do
bang can dién tir da trén cam bién bang tai voi sai s6 0,01g.

Bang 4.1. S6 luong miu xoai do mdi thang

Thang 11 12 2 3 4 5 6
MAiu 982 691 492 542 631 998 647

Ngoai ra, thé tich (V) ciia x0ai dugce do bang phuong phap binh tran véi thiét bi 1a binh thity tinh 1000ml va sai s6
0,4ml ma cac phuong phéap do duoc thyc hién nghiém ngit dé dam bao d chinh xac. Mdi dai lugng duge do 10 lan. Gia
tri trung binh cta cac phép do dugc tinh todn. Véi n 1a thoi gian do.

Trong nghién ctru ndy, cic md hinh cia May hoc dugc giam sat dugc sir dung dé du doan céc loai xo0ai. Co bon thuat
toan dé ap dung va trién khai 1a LDA, SVM, KNN va RF dugc trang bi dir liéu ctia xoai va d6 chinh x4c ciia chung s& duge
hién thi. Tap dir liéu duoc tao ra bang cach phan loai xoai thu cong dura trén mat do (D), thé tich (V) va khuyét tat (de). Viec
phan loai thi cong nay do cac chuyén gia vé xoai thuc hién. Cac loai dugc dan nhan bao gdm G1, G2 va G3 ctia xo0ai duoc
do bang D, V' va de tir bon dic diém duoc trich xuit de, we, wi va le.

Tap dit liéu duoc chia thanh ba phan 1a dir liéu hudn luyén, dir liéu xac nhan va dit liéu thir nghiém. O 16p ngoai,
10% dir liéu gbc duge tach ra dé 1am dir liéu thir nghiém nham xéac dinh hiéu suit cia cac mo hinh. Phan con lai cua dit
liéu duoc sir dung dé phat trién mot mo hinh. 90% dir liéu gde dugce st dung trong 16p bén trong dé diéu chinh cac tham

s6. Dir lidu d6 dugc tach thanh dit liéu hudn luyén cho mé hinh dé cung cip du doan hodc danh gia chét luong, dit liéu
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xac nhan la dé danh gié d6 chinh x4ac ciia mo6 hinh va chon céc thong so tot nhat cia md hinh dya trén két qua dau ra da
cho mot cach khéach quan. Dir li€u huan luyén dugc st dung dé huan luyén mo hinh dua ra du doan va dir liéu xac nhan
dé kiém tra d¢ chinh xac ciia m6 hinh mét cach khach quan dya trén dau ra da cho.

— — | Phanloaitwdéng | — — 'i ~— 7| Phanloaithucong [ — -i
PO OB
May hoc : :

| o] |

| |

| |

| (o) |

Hinh4.20.Quytﬁnhhéthéngphﬁnloai str dung mdy hoc cho 4 mé hinh LDA, SVM, KNN va RF
Céc thi nghiém trong Bdng 4.4 cho thy két qua udc tinh 1a rt nho.
Bang 4.4. Kich thudc thuc t cia cac bién chiéu cao, chiéu rong va khuyét tat

Chiéu cao (mm) Chiéu rong (mm) Khuyét tit (mm?)

STT Kic'h Kic'h . Kic'h K.ic'h s Kic'h K.ic'h =
thuoq thudc Lol thuoc' thuédc Loi thu:ac' thuéc Lai

thuc té | wdc tinh thuc té | udc tinh thuc té | wdc tinh
1 152.2 152.0 0.2 83.2 83.0 0.2 74 7.6 0.2
2 154.8 154.9 0.1 72.3 72.1 0.2 05 0.1 0.4
3 156.9 157.2 0.3 88.6 88.4 0.2 12 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 04 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 2.1 1.9 0.2
9 117.2 117.1 0.1 89.9 89.7 0.2 85 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 5.9 0.2
4981 119.1 1189 0.2 714 71.3 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

Trong phan nay, tong quan vé toan bd tap dir liéu duoc xem xét va thuc hién cac budc xur Iy dit liéu phu hop nhat
trudce khi ap dung cac thuat toan. D li€u s€ duogc kiém tra va loai bo cac gia tri la trong Bang 4.6.

Biang 4.6. Bang pham vi cic bién cia dir liéu

Loai 1l Loai 2 Loai 3 Téng sb Khac biét
Trong lwgng 400 — 520 330 —380 170 — 300 170 — 520 350
Chiéu cao 125135 118 — 120 105115 105 — 135 30
Chiéu rong 85— 88 77— 83 71-75 7188 17
Khuyét tat 1-3 12-35 38-9 1-9 8
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Trong b dit liéu dugc trich xudt, viéc phan phdi dir liéu giita cac bién rat khac nhau, do d6 can chuan hoéa dir lidu.
Diém Z ciia phuong phap di duoc sir dung, cic gia tri dugc tidu chuan hoa c6 rang budc [-3,3]. Pay 1a dir liéu duoc chuan
hoa. Dir li€u xo0ai cua 4983 xo0ai da dugc str dung dé huan luyén cac m6 hinh LDA, SVM, KNN va RF.

Tap dit liéu voi 4983 mau dir liéu duge trich xuét va tong hop tir hinh anh va bang tai. Bo dir liéu dugc chia thanh
ba phan v6i 3194 bang cach sir dung huan luyén mé hinh, 771 dugc sir dung dé xéac thyc va 1035 dugc sir dung cho kiém

tra. Hinh dung cua tap dir liéu huén luyén dugc thé hién trong Hinh 4.29.

o Type3
Volume (cm?3)

20 00 40 S0 &0 700 Weight (g)
Hinh 4.29. Tryc quan héa dir liéu huan luyén va gidi han khuyét tat trong phan loai mé hinh LDA

Céc loai x0ai trong Hinh 4.29 phan phéi cac diém dit liéu ¢ ngoai vi c6 vé dé phan loai, nhung khi tiép can trung tam, viéc
phén chia xoai tré nén phirc tap va duong nhu khong tuan theo mot quy tic d& hiéu s& gay khé khan cho viéc phan loai thuét toan.

B6 dit liéu hun luyén dugc su dung dé huan luyén bdn md hinh LDA, SVM, KNN va RF tuong ung M6 hinh LDA
lan dau tién dugc bat dau voi do chinh xac twong ddi 91,9%. Cac trai xoai duoc phan tach tdt trong cac vung dir lidu c6
khiém khuyét (0,2), (2,4) va (6,12) trong d6 céc trai xoai dugc du doan gan véi dit lidu thuc té. Tuy nhién, 15i ting manh
trong ving khuyét tat (4,6). Vi cac loai xoai loai 1, 2 va 3 duoc phan tach bang cic dudng thing, nén co su phan chia
khong chinh xac giita hai loai xoai trong ving khuyét tat (4,6) d6 1a nhitng khu vuc giao thoa 16n giira cac loai.

Mo hinh thtr hai duge sir dung 1a mé hinh SVM, tuong tw nhu LDA, phén chia xoai cho hyperplane. Két qua huin
luyén cho két qua tot véi do chinh xac 97,3%. Vi do chinh xac ctia mé hinh SVM phu thudc vao ham kernel, tinh nhat
quan ctia md hinh phu thudc vao dang ciia ham kernel duoc hién thi trong.

Mic du viéc phan loai mé hinh SVM rét dang tin ciy, nhung van c6 nhiing gia dinh khong chinh xac gitra cac khu
vuc giao nhau cuia loai xoai. Mgt thuét toan co thé gidi quyét van dé nay 1a KNN, mdt thuat todn hoat dong va dua ra du
doan dua trén cac diém xung quanh. S6 lugng diém xung quanh diém du doan anh huéng dén két qua phan loai ciia diém
du doan va sy phu thudc cua do chinh xac ctia moé hinh vao sb luong 1an can duoc hién thi trong.

Validation Curve With Random Forest
100 4 -

Accuracy Score

0.94 A = Training score
— Cross-validation score

0 50 100 150 200 250
Number Of Trees

Hinh 4.36. Duong cong x4ac nhan RF
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Phuong phap mé hinh RF cudi cling s& giai quyét hau hét cc thiéu sot ctia ba mé hinh dugc dé cap o trén. Pau tién, dé co
mdt mo hinh tot dé phén loai, sé lwong ciy trong rimg dugc dua ra trong Hinh 4.36, can phai dugc kiém soat sao cho do chinh
xac clia mo hinh 13 tot nhét.

Trong Hinh 4.36, s6 luong cay trong ring anh huong rat 1on dén d6 chinh xac ctia mé hinh RF. Khi ting s6 luong
cdy, d6 chinh xac cia mo hinh RF trong khoang 97 dén 98,3% tir cay thir 14 tro di. Do d6, dé dam bao su 6n dinh va tdc

d6 huan luyén cua so lugng cay dugc chon 27 cho tham s6 cia mé hinh RF.
LDA SVM

Volume
Volume

200 300 400 500 600 700 800
Weight

KNN

Volume
Volume

Weight Weight
Hinh 4.38. So sanh bén m6 hinh bao gdm LDA, SVM, KNN va RF

Bang 4.9. D6 chinh xac cua cac m6 hinh

Type Typel Type2 Type3 Precision Sensitivity F1score Accuracy
(%) (%) (%)
Random forest Typel — 348 2 0 99.4 98.6 99.0 98.1
Type2 5 305 7 96.2 97.8 97.0
Type3 0 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 1 6 359 98.2 98.0 98.1
Support Typel 342 6 2 97.7 96.9 97.3
Vector Type2 8 302 9 94.6 93.4 94.0 95.8
Machine(SVM) qyhe3 3 15 348 95.1 96.9 96.0

Trong m hinh nay, nhugc diém ciia cac mé hinh trude duoc giai quyét trong phan loai xoai trong tit ca cac pham vi khuyét
tat (0,12) dugc xac dinh rd rang va chinh xac boi hé thong phan loai theo luat. Viéc phan loai xoai va phuong phép phan loai ciia
mo hinh RF ¢6 xu hudng giéng hét nhau khi dugc phén loai theo mét b ludt 1a Iy do cho do chinh x4c cao. Dya trén phﬁn thir
nghiém ctia bén phuong phap mo hinh LDA, SVM, KNN va RF, mé hinh dugc chon cudi cling sé sir dung ddi voi phén loai xoai
1a RF. Vén dé anh huong dén do chinh xac trong quy trinh phén loai Ia ranh gidi giita cac loai xoai khong cd dinh va dan xen. M6
hinh RF da xir I van dé nay rat t6t. C6 thé thiy rd do chinh xac trong d6 ranh gidi giira xoai rat phirc tap.
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Trong Hinh 4.8 va Bang 4.9, cac mo hinh hoat dong chinh xac hon 90%. M6 hinh hoat dong tot nhét 1a RF vai do
chinh xac 98,1%. Cac md hinh dugc str dung cho cac nghién ciru phan loai xoai trugc day khong hoat dong tot nhu mo hinh
RF. Ning suit tot nhat khi du doan loai 1 véi mé hinh RF 14 99,4% va loai 3 1a 98,6%, loai 2 ludn ¢ nhiéu 18i trong qua
trinh do4n. L3i t5t nhat véi KNN 1a 94,6%. Ly do cho 18i ¢ loai 2 14 qua nhiéu nhiéu giira loai 2 va 1, loai 2 va 3 trong dit
liéu hudn luyén. Mdi quan hé giira cac loai 1, 3 va 2 khong thyc sy 16 rang trong viéc tach cac loai 2 khoi hai loai con lai.
Do chinh xac cta cic mo hinh giam dang ké do 16i trong du doén loai 2. Diéu nay cho thay loai 2 s& c6 nguy co xay ra 16i. Ty
1€ ma dit liéu mo hinh loai 2 vao cac loai con lai gén nhu giéng nhau trong cadc m6 hinh LDA, SVM, KNN. Tuy nhién, véi mo
hinh RF, ty 1é nay khac nhau dang ké khi toc d6 doan dir lidu cta loai 2 dén loai 1 nho hon so véi loai 2 so véi loai 3.

4.8. Két qua phan loai x0ai img dung cic md hinh LDA, SVM, KNN va RF

Cac m6 hinh phan loai da duoc thuc hién véi viéc hd tro cac thuat todn may hoc. Viéc trién khai xoai phan loai dua
trén viéc ap dung cong nghé xir Iy anh dé xir Iy hinh anh chup xoai va sau d6 sir dung bon phuong phap mé hinh LDA,
SVM, KNN va RF d tyr dong phan loai xoai. C6 mot s6 két luan:

Trong sudt qua trinh phan loai, mot chudi cic phuong phap phan tich trong xir Iy anh duoc sir dung dé bién doi hinh
anh da chup cua xoai thanh dang hinh anh c6 thé dé dang trich xuat tinh ning tir xoai. Thi nghiém cho thiy cac phuong
phap nhur vay thanh cong khi két qua dy doan c6 mot 18i nho.

Giai phap may hoc ML dugc giam sat c6 thé duy tri do chinh xac du doan cao cho cic loai xoai khac nhau. Tuy
nhién, nén ap dung cho xoai twong ty nhu xoai mau.

Do loai xoai dugce phén loai dya trén cac quy tic va mdi quan hé cua tinh ning xoai, do do, cach tiép can phuong
phap mo hinh RF c6 loi thé hon cac phuong phap khac khi phén loai dya trén cac quy tic dugc tao tir cac bién dau vao.

Trong nghién ctru nay, dé xuit phuong phap mé hinh RF dy doén xoai & Viét Nam va c6 két qua thanh cong v6i do chinh
xac 98,1%. Ngoai ra dé xac dinh thanh phan chat lugng bén trong trai, & dy x4c dinh 1a do d Brix xoai va img dung mang than
kinh nhan tao dé danh gi4 va xac dinh do Brix, dong thoi danh gi4 chat lugng bén trong trai.

4.9. Dr doan d9 Brix xoai sir dung cong nghé xir Iy anh két hop Al
4.9.1. Xac dinh cac yéu t6 phu thudc do Brix xoai

Khao sat can than do kich thudc, khoi lugng va thé tich ctia 4983 mAu xoai va tinh toan sai sb ngiu nhién cua timg
trai xoai. Ldi do nhé hon sai s6 cho phép, vi vay dir liéu nay 1a dang tin cay. Do d6, dit liéu nay s& dugc coi 14 kich thude
dir lidu thir nghiém ctia xoai. Véan dé tiép theo 14 xir Iy hinh anh ciia nhirng trai xoai nay voi kich thudc that ciia ching va
danh gia do chinh xac cta ching. Tat ca xoai dugc phan loai theo tiéu chuan chuyén gia dugc ap dung boi tat ca nong
dan. Tir bang phan phdi ¢ trén, bién dau vao anh hudng tdi d6 Brix dugc xac dinh 1a kich thudc, khdi lugng va thé tich
clia X0di, va bién dau ra s& 1a d6 Brix trén thang do tiéu chuan ctia xoai twong ung (Bdng 4.10).

Bing 4.10. Bang thong s6 phuong trinh phu thude d Brix xoai

e A A Z . Hé i)
B;len Bién khong phu HE s0 chwa chuan hoa chuén héa ¢ Si
p1y thuge Sai s§ lech 18
thudc ﬂ P Beta
chuan
(constant) -150.593 3.483 -1.238 .000
P6 Brix Khdi luong (kg) 4.865 0.259 0.187 4.659 .001
'(})@ Chjéu cao (mm) 7.495 0.328 0.294 7.382 .001
ngot) Chiéu réng (mm) 5.573 0.589 0.342 3.583 .002
Thé tich (lit) 5.683 0.244 0.201 3.221 .0017

Duya vao Bdang 4.10 thi phuong trinh phuy thudc giita cac bién dau vao va d¢ Brix ciia xoai trong (4.53).
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Brix;epe; = 4.865 * khoi_luong + 5.573 * chieu_rong + 7.495 * chieu_cao + 5.683 * the_tich —
150.593 4.53)
4.9.2. Giai thuit va chwong trinh diéu khién vé Al x4c dinh d9 Brix xoai

Do Brix du doén cua lop diu ra dugc xéac dinh trong (4.58).
n
_ N N N
B = E ~ (W k.x )+ b (4.58)

Phuwong phap tu hoc trong bai toan xic dinh dd Brix ciia xoai: Giai doan 1 — Huan luyén mé hinh FFNN; Giai doan
2 — Danh gia 16i va cap nhat dir liéu
4.9.3. Mang lwéi thin kinh tdi wu dé du doan d9 Brix xoai
Tur cac thuat toan, xay dyng mot mang ludi than kinh dy doan d¢ Brix cta xoai: chon sb luwong don vi dau vao trong
mang nay phai 1a 4, vi day 1a 4 dic tinh 4nh hudng, can thiét nhat dé du doan dugc d6 Brix cuia xoai.
Dau ra sé& la d6 Brix (mot sé nguyén) c6 nghia la van dé vé phuong trinh hdi quy nén sé don vi dau ra 1a mot. Ngoai
ra, cac ham ReLU duoc ap dung cho cac 16p an va 16p cudi cung 1a tuyén tinh vi day 1a phuong trinh hoi quy.
S6 16p 4n ciing 1a van dé quan trong trong mang ludi than kinh. Thay doi s6 lugng cac 16p an va sé luong don vi
trong céc 16p an dé tim gia tri tdi uu nhét ciia ham gié tri va diéu d6 co cung s6 lugng don vi trong mdi 16p an.
00=0*(2*¢g)—c¢ (4.61)
V6i0 e[ —¢,¢].
Budc tiép theo 1a thyc hién cac 1énh vé phia trudc ho(x®) dé c6 duge véi bat ky tham sé nao x®. Sau d6 thuc hién
ham gia tri dé xem gia tri 18i (Hinh 4.44).

Mean Square Error

- Train
Test

Mean Square Error

T

0 10'0 260 360 400 5(30
Hinh 4.44. Biéu d6 ham gia tri cho mdi lan lap lai
Sau do, thyc hién 1énh lan truyén nguoc dé tinh toan cac dao ham riéng (4.62) va sir dung phuwong phap duge goi la
kiém tra d6 dbc dé xac nhan rrflng 1énh vé phia sau dang chay tot.
o JO+e)—J(O—¢)
56 2¢ with £€=10"" (4.62)

Vi cac thong sd dau vao trai xoai: Bién khéi luong (K), bién chiéu rong (R), bién chiéu cao (C), va bién thé tich (T).

Cubi cung, str dung phuong trinh t6i wu héa va ty 1¢ phan rd Adam dé giam thiéu ham gié tri v6i cac trong sd trong
theta. Sau khi diéu chinh tdp huan luyén va dénh gia xac thuc tap hop va tim mé hinh t6i wu, mot mang ¢ 1 16p an voi
n nit dugc chon vi tdi wu héa toc do va ha thap gid tri cia ham gi4 tri. Mang ludi than kinh t8i wu c6 thé dy doan do Brix
ctia mdi trai xoai dya trén khéi lugng, chiéu dai, chiéu rong va thé tich (Hinh 4.46) v6i o chinh xac 98% trén bo thir nghiém.
4.10. Két qua wng dung AI dy doan dd Brix xoai

Nghién ctru tng dung thanh cong cac phuong phap mé hinh dy doan dd chinh xéac xoai va lya chon phuong phép

m6 hinh RF c6 két qué dy doan xoai chinh xac 1én dén 98,1%. Két hop v6i sir dung mang than kinh nhén tao du doan va
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danh gia do Brix cuia xoai dat 98% do chinh xac. Tir d6, mot hé thong phan loai xoai hiéu suit cao sir dung cong nghé
xu ly anh két hop Al dugc hoan thanh va thuc nghiém hiéu qua.
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Hinh 4.46. Mot mang ludi than kinh t6i uu dé dy doan d6 Brix xoai
4.11. Két luin

Hé thong nhén dién va xir Iy anh do ngudn dit liéu ddu vao ctia cac khuyét tat chua nhiéu nén ban dau hé théng xir 1y cac
tin hiéu vé cac khuyét tat van con nhiéu sai sé nhung khi dé xuat va tién hanh sir dung May hoc cho hé théng c6 thé ty thu thap
va cép nhat cac khuyét tat trén xoai nén d6 chinh xac dugc cai thién 1. Pua gidi thuat My hoc vao hé théng phéan loai dé hé
thong co thé khic phuc duge cac 18i nhan sai vi tri khay xoai va cac khuyét tat ctia xoai bang cach ty thu nhap va xir Iy cac dir
liéu qua nhiéu méu. Cai tién toan hé théng, chon chinh x4c thong s6 cho cac bd phéan can dung cho cac mach diéu khién, chon
chinh xac thong s6 cac bo phén cAu thanh hé théng phéan loai.

Hé thong phén loai xoai trong dé tai nay c6 thé img dung trong khau phan loai nguyén liéu dau vao & cc loai nong san khac
khi diéu chinh lai cu hinh hé théng va giai thuat phan loai néng san d6. May c6 thé hoc va diéu chinh cac yéu cau phan loai véi
cac loai x0ai khac nhau hodc cc loai tréi ciy khac. Cac nghién ctru cong b ciia dé tai nay vé tmg dung Al trong phan loai xoai
cho thay tinh kha thi ctia hé thdng trong viéc thay thé con nguoi trong phan loai xoai ciing nhur cac loai néng san khac.

Céc nghién ctru trude day chi ra cai nhin khach quan vé d chinh xac ciia phwong phap ngudng. Vi nghién ciru nay,
phuong phép ngudng duoc sir dung dé chuyén doi anh mau sang anh nhj phén, sau d6 anh dugc xu 1y théng qua mot chudi
hinh théi xur Iy anh. Xt 1y hinh 4nh dugc thyc hién trén tirng khung hinh. Cac khung duogc loc dé loc nhiéu, phat hién canh va
theo ddi ranh gidi ma tir d6 c¢6 thé trich xudt cac dic diém ciia xoai. Cu tric ctia phan cimg ciing nhu budng xtr 1y anh dugc
nghién ciru dya trén hiéu suét, nang suat yéu cau ctia hé thong, do d6 dong xoai di chuyén phai xt 1y lién tyc trong sudt qua
trinh x0ai dugc phan loai. Vi vay, viéc chiét xuit cac dic diém cua xoai s& dugce thyuc hién theo quy trinh.

Viéc trién khai phén loai xoai dua trén viéc 4p dung cong nghé xtr Iy anh dé xir 1y hinh anh chup xoai va sau dé str
dung bon phuong phap mé hinh LDA, SVM, KNN va RF dé tu dong phan loai xoai. Két qua du doan ciia md hinh giam
sat vé may hoc RF duogc dé cap trong nghién ctru nay c6 do chinh xac cao 98,1%.

Sau khi diéu chinh tap huén luyén va d4nh gia x4c thyc tap hop va tim mo hinh t6i wu, mot mang ludi co 1 16p an véin
nat dwoc chon vi toi wu hoa toe do va ha thap gia tri ciia ham gid tri. Mang ludi than kinh t5i wu c6 thé du doan d¢ Brix cuia

mdi trai xoai dya trén khdi lugng, chidu dai, chidu rong va thé tich véi do chinh xac cao 98%.
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CHUONG V: KET LUAN

5.1. Théao luian

Trong qua trinh nghién ctru va thyc nghiém hé thong phan loai xoai, ta di tién hanh dénh gia phan tich cac yéu t6
anh huong dén hé thong phan loai, tir 46 dé ra cac giai phap khac phuc. Xir 1y cac s liéu thuc nghiém, dé xuat mot sb
giai phap cai tién cac hé thong lién quan dé nang cao hiéu qua sir dung hé thong nay (hé thong phan loai theo khdi lugng
xo0ai trong chuong II). i véi cac yéu t6 anh hudng dén hé thong phén loai va giai phap khic phuc, nhin chung, cic yéu
t6 anh huong diéu c6 thé dugc khic phuc mot cach dé dang nén khong gy anh huong 16n dén hé thong phan loai.

Phuong phap va sb liéu xir 1y thuc nghiém dua ra co ban da dap ung dugc hau hét cac yéu cau hién tai 1a phan loai
dugc chinh xéc timg loai xoai theo khdi lugng, thé tich va cac khuyét tat. Tuy vAn con c6 nhiing sai sb trong phan xir Iy
anh phat hién ra khuyét tat (phan loai xoai theo khuyét tat trong chuwong III) nhung hé thong phan loai sir dung Machine
Learning (mdy hoc) nén sir dung thoi gian dai thi dir liéu mdy thu thap dugc cang nhiéu thi s& dat dugc do chinh xac cao.

St dung camera RGB c6 d6 phan giai cao gitp cho viéc xir Iy cac tin hiéu vé anh s duoc cai thién hon (chuong
IIT), ddng thoi cho may hoat dong v&i nhidu loai xoai khac nhau dé méay cé thé hoc duoc cac khuyét tat trén ting loai
x0ai khac nhau nang cao dugc d6 chinh xac cia qué trinh phan loai (chuong 1V).

He¢ thong nhén dién va xir Iy anh do ngudn dit lidu dAu vao ctia cac khuyét tat chua nhiéu nén ban dau hé théng xir 1y cac
tin hiéu vé cac khuyét tat van con nhiéu sai sé nhung d& xudt va tién hanh sir dung May hoc cho hé thdng c6 thé tu thu thap va
cap nhat cac khuyét tat trén xoai nén do chinh xac dugc céi thién rd. Pua gidi thuat May hoc vao hé théng phéan loai dé hé
thong co thé khic phuc dugc cac 18i nhan sai vi tri khay xoai va cac khuyét tat ctia xoai bang cach ty thu nhap va xir Iy cac dir
liéu qua nhiéu mau. Cai tién toan hé théng, chon chinh x4c thong s6 cho cac bd phéan can dung cho cac mach diéu khién, chon
chinh xac thong s6 cac bo phén cAu thanh hé théng phéan loai.

Céc nghién ctru trude day chi ra cai nhin khach quan vé d chinh xac ciia phwong phap ngudng. Véi nghién ciru nay,
phuong phép ngudng duoc sir dung dé chuyén doi anh mau sang anh nhi phén, sau d6 anh dugc xu 1y théng qua mot chudi
hinh théi xur Iy anh. Xt 1y hinh 4nh dugc thyc hién trén tirng khung hinh. Cac khung duogc loc dé loc nhiéu, phat hién canh va
theo ddi ranh gidi ma tir d6 6 thé trich xudt cac dic diém ciia xoai. Cu tric ctia phan cimg ciing nhu budng xtr 1y anh dugc
nghién ciru dya trén hiéu suét, ning suat yéu cau ctia hé thong, do d6 dong xoai di chuyén phai xt 1y lién tyc trong sudt qua
trinh x0ai dugc phan loai. Vi vay, viéc chiét xuit cac dic diém cua xoai s& dugce thyuc hién theo quy trinh.

Trong nghién ciru da thyc hién qué trinh danh gia ciing nhur so sanh gia tri ctia xoai trén can thyc té va gia tri 1ay ra tir bo
diéu khién cua Loadcell. Trong qué trinh xir 1y, tin hiéu luon bi nhiéu khién két qua do ctia Loadcell khong chinh xac. Vi vay
tit ca cac tin hiéu tir Loadcell déu dugc dua qua bo loc nhiéu Kalman, noi ma cac gia tri bién thién qua 16n sé& bi loai bo. Sau
khi thu duoc tin hiéu khéi luong tir Loadcell, céc tin hi¢u ndy s€ dugc gidi ma va ude lugng dé dua ra két qua trong luong thuc
ctia xoai. Két qua khdi lugng nay bi anh hudng béi vi tri ciia xodi trén khay. Do d6, vi tri clia xo0ai trén khay s& dwoc kiém tra
bang camera. Céc gia tri trong lugng udc tinh s& dong bd véi chidu cao, chidu rong, khuyét tat dua ra két qua ctia qua trinh tao
thanh mot vong khép kin.

Dé xac dinh ty trong trai (3.9), bo phan xu ly tiép tuc nhén cac gié tri khdi lugng va thé tich cua trai xoai dugc suy
doan, tinh toan gia tri ty trong cua trai va so sanh voi gia tri ty trong chuan. B xir 1y s& truyén tin hiéu dén dong co dé
phan loai trai xoai. Nhu vay, viéc danh gid mic dd chinh xac cia bd phén kiém tra chat lugng trai xoai dua vao khoang
gia tri ty trong chudn da duoc thyuc hién. Nhu vay, c6 thé nhan thay phuong phap danh gia chat lugng trai xoai dya vao

so sanh ty trong dat do chinh xac rat cao.
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5.2. Két luin
5.2.1. Két qua nghién ciru md hinh thi nghiém hé thong phan loai xoai theo khoi lrong

Hé théng phan loai xo0ai ty dong theo khéi lugng da hoan thanh md hinh di vao hoat dong (Hinh 2.11).

He thong phan loai xoai da va s& dugc két hop véi cong nghé xir Iy anh va ing dung Al dé tao thanh hé thong phan loai
x0di theo muc tiéu dé tai.

5.2.2. Két qua phén loai xoai theo khdi lwgng, thé tich va khuyét tit sir dung cong nghé xir Iy anh

Hé thong phan loai xoai tu dong theo khdi lugng, thé tich va khuyét tit 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 s6 1a thap nhat nén nghién ctru da sir dung phuong phap nay cho hé théng phén loai.

Tir hé thong phan loai d4 xay dung thuét toan diéu khién va bang phuong phép ndi suy dé tim ra phuong trinh tuyén tinh
bac 1 (3.8). Tir phuong trinh vira tim dwoc xay dung theo khdi trong PLC dé tién hanh tinh toan ra khoi lugng chinh xéc, két qua
tim ra sai s6 khdi luong nho nhit (< 2 gram) nén phuong phép diéu khién nay dwoc ap dung 1én hé thdng phan loai.

Khi tinh dugc thé tich va khbi luong tir h¢ théng phén loai, dya vao cong thirc tinh ty trong (3.9) tim ra dugc ty trong cua
trai x0ai (ty trong trai xoai cho phép tir 1.0 -1.1) va tir hé théng phan loai sir dung co cau phan loai xodi ra loai 1,2 va 3.

5.2.3. Két qué hé thong phan loai xoai sir dung cong nghé xir Iy snh két hop Al

Két qua du doan ctia cac mo hinh gidm sat vé may hoc dugc dé cap trong nghién ctru nay c6 do chinh xac cao.
Dic biét, md hinh RF c6 hiéu suat du dodn t6t nhat va dugc dé xuat dé dy doan loai xoai.

Trong sudt qua trinh phan loai, mot chudi cac phuong phap phén tich trong xir Iy anh duoc sir dung dé bién doi
hinh anh da chup ctia xoai thanh dang hinh anh c6 thé dé dang trich xudt tinh ning tir xoai. Thi nghiém cho thay cac
phwong phap nhu vy thanh cong khi két qua du doan c6 mot 16i nho.

Giai phap ML dugc giam sat ¢ thé duy tri @6 chinh xac du doan cao cho cac loai xoai khac nhau. Tuy nhién,
nén ap dung cho xo0ai tuong tu nhur xodi miu.

Do loai xo0ai dugc phan loai dua trén cac quy tac va moi quan hé cua tinh ning xoai, do d6 cach tiép can phuong
phap mo hinh RF c6 loi thé hon cac phuong phap khac khi phén loai dya trén cac quy tic dugc tao tir cac bién dau vao.

Trong nghién ctru ndy, dé xuat phwong phap mé hinh RF dy doan xoai ¢ Viét Nam va c6 két qua thanh cong véi
d6 chinh xac 98,1% (Bang 4.9).

Mang luéi than kinh t8i wu ¢6 thé du doan do Brix ctia mdi trai xoai dua trén khdi lugng, chiéu dai, chiéu rong va thé tich
v6i do chinh xac 98% trén thuc nghiém (Bang 4.11, Hinh 4.46).

5.2.4. Két qua sir dung h¢ thong phan loai xoai thuc nghi¢m

Luan 4n d4 hoan thanh muyc tiéu dé ra 1a nghién ctru hé thong phan loai xoai hiéu suat cao sir dung cong nghé xir Iy anh va
tri thong minh nhén tao (Hinh 4.47).

Hiéu qua sir dung hé thong: ning sudt may phan loai trén 3 tin/h, hé thong c6 thé chay lién tuc 18h/ngdy. Ning sut
tinh cho 1 ngdy 1a 54 tan, ning sut nang cao nhiéu lan so véi phuong phép thu cong, giai quyét dugc nhimg mit han
ché trong phuong phap phan loai truyén théng (Hinh 4.48), hé thong phan loai ¢ thé thay thé hon 20 ngudi nhan cong
c6 tay nghé cao, giam duogc chi phi va dam bao dugc do chinh xac trong phan loai > 98% (Hinh 4.49).

5.3. Pinh huéng phat trién dé tai

Khi phat trién va t6i uru hod cac phurong phap phan loai sir dung cong nghé xir Iy anh két hop Al trong hé thong phan
loai xoai thi hé thong nay ciing phén loai dugc cac loai néng san khac nhu budi, chanh, ca chua... khi thay d6i mét s6
yéu t6, co cau diéu khién, co cau chap hanh. Gop phan tmg dung khoa hoc k¥ thuat cong nghé cao vao nghién ciru, san

xudt va thuong mai.
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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%.

General flow chart of the thesis:
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CHAPTER I: OVERVIEW AND THEORY BASIS

1.1. Overview of the agricultural product classification system, image processing technology and artificial
intelligence (AI)

The Vietnam Science and Technology Development Strategy for the period 2011-2020 was approved by the Vietnamese
government in 2012, Decision No. 418/QD-TTg, which affirms the research and application of advanced technologies.
advanced, modern and offer optimal and suitable solutions to develop the production and export process of agricultural
products, contributing to building strong brands for Vietnam's export agricultural products [1]. The application of advanced
and modern technologies (such as Al) to automated lines, equipment and machinery for processes such as inspection,
classification and packaging of agricultural and food products achieves high productivity. High is one of the key technology
directions. This contributes to socio-economic development in Vietnam. The use of Al in the current agro-food processing
processes is formed from the synergy of many science and technology disciplines based on the mechanical automation platform
to perfect, flexibly, and intelligently the processes. machines and equipment for human use.

Currently, domestic and foreign studies have appeared on different classification systems and classification systems for
agricultural products such as cashews, coffee, beans, tomatoes, potatoes, apples... using other methods. each other [10-108].
These classification systems have the advantage of being easy to operate and transport, suitable for growing and production
conditions in different regions, and are indispensable in any agricultural region. However, each different agricultural product
must use a different classification system, especially with mango, the classification becomes even more complicated.

With the above analysis, the study of a high-performance agricultural product classification system (focusing on mango classification)
based on image processing technology combined with Al effectively matches the development situation of the agricultural products. modern
agricultural machines, contributing to promoting the development of the agricultural mechanical industry in the country.

Research and development of an agricultural product classification system to control and evaluate the quality of mangoes
(according to Global GAP standards) before being packaged and exported to the market: vegetables are harvested at the right
ripeness, size, shape, remove wilted, decayed, deformed fruits. More specifically, "application of image processing technology
combined with Al to recognize patterns and evaluate the quality of mangoes" to enhance automation in the agricultural production
process in our country.

1.1.1. Theoretical foundations of image processing and artificial intelligence (AI)

Image processing [3]:

Image Image Image Perform and Identification and
acquisition [ preprocessing | segment ) describe #  Interpolation
Knowledge
facility

Figure 1.2. Diagram of the basic steps in image processing

Lights

Camera Image receiving Computers and Output

CCD x department i processors > products

Computer vision [4]:

A 4

Input

Figure 1.3. Schematic diagram of the machine vision system



Artificial intelligence (Al) [5]: Also known as artificial intelligence, is intelligence represented by any human-made
system. Al refers to the computers for multi-functional processing purposes and the science research of the theories and
applications of Al
1.1.2. Overview of the problem of classification of agricultural products

Agricultural product classification system (Figure 1.4).

Handling system: Combined image
Input conveyor, motor, processing with Output
products [®| sensor, camera, [® automation | products
computer...

Figure 1.4. Schematic diagram of the agricultural product classification system

Research in recent years has mainly focused on the following main directions:

In Vietnam: research focuses on the development of different types of agricultural products and automatic control
systems in many fields, including classification of agricultural products [10 - 22].

In the world [23 -108]: Researching classification systems, improving the accuracy of agricultural product
classification systems with hi-tech structures; Study the structure, materials, manufacturing details of the agricultural
product classification system; Optimization of classification conditions for agricultural products.

1.1.3. Research situation at VN and the world

Case studies in the country: on image processing, computer vision and artificial neural networks, especially agricultural
product classification, as well as research on mango: Research on building technological process of mango processing in Khanh
Hoa by Dinh Ngoc Loan [12]; Investigating the status of post-harvest handling of mangoes of farmers in Cao Lanh district,
Dong Thap province by Nguyen Thanh Tai, Nguyen Bao Ve [13]; Research on synthesis of theoretical and experimental
basis for non-destructive analysis of mango fruit by light impact method of Vo Minh Tri, Vo Tan Thanh [15]; Study on
identification of defects on mango peel using techniques image processing by Truong Quoc Bao, Nguyen Van Vung [16].

Conclusion of domestic research situation: summary of current domestic research and implementation publications on
image processing technology combined with Al have not been researched much, published not widely, and have not been applied
in practice. However, it can be seen that all are researches and designs of machines that perform tasks such as simple machining,
rather than performing complex machining such as motion screening, placing objects. Regarding Al, which is a combination of
mechanization and automation applications, this application for solving the classification stage has not yet had any research units
interested in solving very basic problems in system computation, determine the optimal kinetic and structural parameters for the
system to be implemented.

Situation of research abroad: The following studies on the agricultural product classification system mentioned
related to the research field have been successful in experiments and have been applied in practice, although still limited
in many aspects. such as sorting speed, color of agricultural products, especially sorting yield along with the shape of
agricultural products are being studied to overcome, the studies must include: Research on the size properties of mango
used for treatment photo of Tomas U. Ganiron Jr [24]; Research on automatic fruit classification system based on
image processing technology of Chandra Sekhar Nandi et al [25]; Research on automatic fruit classification system
from image processing technology of Ayman A.A. Ibrahim et al [28]; Research on detecting ripeness of persimmons
based on image processing technique of Vahid Mohammadi et al [31]; Research and development of a low-cost tomato
classification system from the image processing technology of Md. Rokunuzzaman and H. P.W. Jayasuriya [32];
Research on Sorting and Classifying Broken Apples of Kambale Anuradha Manik and Dr. Mrs. Chougule S.R [34];
Studying the mango classification system based on computer vision by Chandra Sekhar Nandi, Bipan Tudu, and
Chiranjib Koley [35]; Research on early detection of muscle damage inside mango by NIR optical machine by Nayeli

Velez Rivera, Juan Gomez-Sanchis, Jorge Chanona Perez and colleagues [37].
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General conclusion about the situation of research abroad: Through analysis and evaluation from the above
research results, the studies have used different methods to classify agricultural products. Image processing technology,
computer vision and Al to find a method to classify fruit color, weight or defect, especially for mango, results in high
sorting efficiency and productivity. The research results have reflected the ability to apply modern science and technology
to the development of mechanical engineering, agricultural automation in general, and production and packaging of
agricultural products in particular.

However, the above studies only stop with the analysis, evaluation and comparison of methods used to classify
agricultural products, or the results in the form of simulations, models and experiments, especially with mango. .
Moreover, the experimental development of the problem of determining defects and fruit weight (mango) to determine
fruit quality has not really been solved. Therefore, in this topic, the optimal and experimental classification method will
be proposed on the mango classification system to solve the above problems.

Some studies on control systems using simple microprocessor applied on the model of homemade classification
system in the laboratory. This solution is only suitable for simple system modeling in the laboratory, contains many
defects and is not applicable in practice. Thus, it is necessary to find a solution to develop existing studies or conduct
new studies, to apply different techniques and methods to build the experimental classification system process, especially
the strong application of image processing technology and Al
1.2. Research objectives and content

Research, build and establish a high-performance mango classification control system using image processing
technology combined with Al

Structure of the topic orientation (Figure 1.32).

Chapter I: Overview and theoretical basis. This chapter explores, surveys, analyzes and evaluates relevant theoretical
foundations, documents, and domestic and foreign studies in order to determine ways, methods and applications to build
a distribution system mango species developed in chapters II, III and IV. The content of this chapter is to study the model
and experiment with the classification system. From the practical basis, the problem that needs to be solved is the problem
of increasing the productivity of sorting from the manual, which is not effective and the graded products have not
achieved high results in terms of mango quality. Since then, the solution to this problem is to study a high-yield automatic
mango grading system to replace manual sorting, combining the method of sorting according to quality of mangoes with
high sorting efficiency. All will be done in chapter II.

Chapter II: Research on experimental model of mango classification system by weight. This chapter is based on the
theoretical basis in Chapter I to study and model the mango classification system by weight in order to determine and
compare the actual weight of mangoes and the weight of mangoes weighed on the conveyor (not applicable yet) using
image processing technology on the system). Find out the error to overcome and select the results for the appropriate
mango weight to proceed with the image processing application on the mango classification system in chapter III.

Chapter III: Classification of mangoes by weight, volume and defects using image processing technology. This
chapter applies image processing technology to the mango classification system that has been systematically modeled
and operated in Chapter I, applies and selects the optimal classification method to determine the mass (mass results in
Chapter II). II was re-adjusted on this system), volume and left defect (external quality). It is the first step for Al
application on the system to determine the most accurate method of predicting mango defect color (because in this
chapter, the image processing method has errors and is not optimal), and at the same time predicts Brix of the mango in
chapter IV.

Chapter IV: Mango classification system using image processing technology combined with artificial intelligence.
The aim is to apply Al to the mango classification system in Chapter III to determine the most accurate method of the
mango color defect prediction model (the classification method in Chapter III is still limited) and to predict the mango
Brix degree (internal quality) to perfect and apply a high-performance (including yield) mango classification system
using Al combined image processing technology.

Chapter V: Conclusion. This chapter discusses the problems in the research and application of the topic, the
advantages and disadvantages as well as offers solutions and solutions. Problems that need to be researched, solved and
developed. Finally, identify and draw the results obtained from the chapters as well as give directions for the development
of the topic.



CHAPTER II: RESEARCH EXPERIMENT MODEL TO CLASSIFICATION SYSTEM
OF WEIGHT MANGOES

In Chapter I have summarized, analyzed, evaluated the overview and theoretical basis of the research problems and
documents to find the advantages and limitations, the advantages and disadvantages of the implementation methods on
the system. classification of agricultural products, especially with mango. Chapter II will study the model of the mango
classification system by weight, the first step for the formation of an automatic mango classification system applying the
next sections is image processing and Al (mentioned in Chapters 11l and IV). This mango classification experimental
model includes the operating principle for the system, the conveyor mechanisms, the control mechanism, the actuator
structure, the sorting mechanism... to carry out the classification of mangoes by weight. to compare and determine
between the actual mango mass and the weight of mango weighed on the conveyor. Since then, the automatic mango
classification system has been completed with the error of fruit weight within the allowable range.

2.1. Overview of the model of the mango classification system by weight
The structure of the model of the mango classification system by weight includes the combined parts, mounted on

the same fixed frame and arranged in order of each part (Figure 2.2).

Image
processing
Input Push mechanism Weighing Classification
products (remove broken [ weight [  structure
fruit)
Calculate
volume

Figure 2.2. Schematic diagram of the operating principle of the mango classification system by weight
Operation: conveyor with capture chamber to process color images, find out colors, shape defects and calculate the
volume of mangoes;
The removal mechanism removes unsatisfactory fruits in shape;
Conveyor contains a Load Cell to calculate the weight of each mango;
The conveyor has a sorting mechanism used to sort mangoes into categories.
2.2. Conveyor structure calculates the weight of mango

Principle of operation: Mangoes that meet the standards of shape and color will follow the conveyor belt through
the processing area. Here, under the conveyor belt is attached 1 Loadcell that is responsible for weighing the weight of
the mango (directly connected to the PLC). The results are then returned to the next processing PLC. Actual weight of
mango in (2.3).

m=m;+m, (2.3)

Where: m,is the mass that is lost due to the elastic force (equal to the combined tension of the conveyor belt at the

time being considered); m,: part of the volume that the Loadcell can read.

Assuming that the conveyor belt stretches evenly with elastic force: Fa,= K.Al
Where K (N/mm) is the elastic coefficient: K= f—:
Where: E is the elastic modulus of the conveyor belt

S is the conveyor cross section

10 considered conveyor length

| (mm) is the elongation of the conveyor belt

At the moment the conveyor belt runs stably with speed v (mm/s)

4



When there is a load (mango), the conveyor belt slows down a bit a.
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Figure 2.5. The diagram for calculating the actual weight of mango and analyzing the mango load on the conveyor in the x- axis
Consider the conveyor belt at point D which is tangent to the mango (Figure 2.5).

According to Newton's 2nd law: P_l) + 2 ﬁ) =0
When analyzing: ST, =21 Toxz + 21 Toys

Considering in the Oxz axis system: Assuming there is no load at the beginning (mango), the conveyor belt is stretched by 1
piece 1 by the conveyor pull force (Figure 2.5).

Analysis: Fi=Fau=T =KAI
Where T (N) is the tension at B when the conveyor is running at speed v (mm/s):
Fy— 10(1)]0.13 (N)
With P(w) shaft power B; P= % ;
Choose: 1= 0.97; n,=0.99

Since the conveyor belt stretches evenly, considering that at point C a distance x from A, the elastic force is: Fa Fap:
Fan= Fanx
l l
Ky =K.~ K =K. —

x(l—F—If)

Fk
1-x)(1—=£
Al—x Gl &

(mm); Al2 = [ —x (mm);

When there is a load (mango fruit):

Assume that the Loadcell is placed a distance from the conveyor a (mm)

Then the position C to D makes the conveyor belt tension T,’T,” and stretch Al;” Al,’;
With: T = KAl Ty = KoAl

a is the angle by Ty’ va Ty’

Consider equilibrium at point D: Py =Ty + Ty
According to the theorem cosin: P112: T’ 2y T’ 2y 2T1,’Typ” Cos (o)
Inferred: my; = %.1000 (2) (2.4)

For all I; K; F; a is fixed, so there is always a dependence of m on x according to the graph (Figure 2.7).
Result: Based on the graph of Figure 2.7, when the mango runs from the beginning of the conveyor to the end of the

conveyor, the volume of the Loadcell read will change, but the sensor cannot track the mango to exactly 1 x position (set Loadcell
for weighing) should propose a solution: how to perform dynamic weighing to improve accuracy. Because the sorting system
works continuously at the start of the start-up, the conveyor containing the mango rotates at the set speed, so when weighing the
mango on the conveyor, at the place where the Loadcell is located, only the mango is weighed according to the movement because
if the conveyor is stopped If you want to weigh again before continuing to operate, there will be interruptions that can damage the
mechanical system and error in the control program on the system, in order to improve the accuracy of dynamic weighing, it is
advisable to make hardware adjustments (mechanical adjustment). The configuration of mangoes on the conveyor has been
improved accordingly, changing the mango weight roller conveyor to a conveyor containing trays for each fruit).

Considered in the Oyz plane: similar to Oxy.
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Figure 2.7. The graph of the relationship between the weight of the mango on the x-axis
During the experiment, at a speed v = 4,21 rpm. The stable operation of the conveyor belt gives the measurement
results with the least error compared to the actual weight and volume of the mango.
Actual mass of 100 mangoes and when weighed with v= 6,31 rpm va v=4,21 rpm (Table 2.1).

2.3. Results of determining the weight of mangoes on the conveyor

Table 2.1. Actual weight of mango and when weighed on conveyor with v=6,31 rpm vav =421 rpm

No Actual Weight when v= | Weight when v =
weight 6,31 (rpm) 4,21 (rpm)
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

From the results in Table 2.1 (the experiment of 100 mangoes is marked and each fruit is run 10 times (round), the average
value of each fruit is taken), the experimental data is based on the experimental data processing value. considered to pass [9)), it
is easy to see that the weight when weighed on the dynamic conveyor will always be some value less than the original mass. And
when weighing the mango on the conveyor with the speed v =4.21 rpm will be closer to the actual weight of the mango, more
accurate than the speed v = 6.31 rpm. However, the mass error is still quite high, this problem will be solved in Chapter I1I, when
combining the classification system with image processing technology, the fork parameters will be adjusted to help reduce the
maximum error. to determine the exact weight of mangoes, with little error compared to the actual weight of mangoes.

2.4. Conclusion

When studying the overview and theoretical basis of the models and classification systems of agricultural products domestic
and foreign studies. Conducted research and completed the calculation and successful application of the automatic mango
classification system model by weight, initially for the application of modeling methods using image processing technology to
the classification system varieties of mango in chapter I11.

In the study to determine the actual weight of mango when weighing and the weight of mango when running on the conveyor,
comparing the weight between the two results, the error occurred with the weight of the mango weighed on the conveyor using
Loadcell is always less than the actual mass of the mango. To overcome this, when reaching Chapter 111, adjustments were made

so that the weight of mangoes weighed on the conveyor gives the smallest error (allowed error) compared to the actual weight.
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CHAPTER III: CLASSIFICATION OF MANGOES BY WEIGHT, VOLUME AND DISABILITY
USE IMAGE PROCESSING TECHNOLOGY

In Chapter II, the study and successful completion of the research and calculation of the automatic mango
classification system model by weight have been completed. Here, compare and determine the weight of the mango when
actually weighing and when running on the conveyor. However, there was a significant error between the weight of the
mango when weighed on the conveyor and the actual weight. To overcome this, when it came to Chapter III, it was
adjusted so that the weight of mango weighed on the conveyor gives the smallest error (allowed error) compared to the
actual weight and the application of image processing on the system. The method of performing system adjustment,
controlling input parameters on the host system software (including control of determining mango mass via Loadcell),
applying image processing technology to classify defects, calculate the volume of the fruit, then determine the weight of
the output graded mango that is exactly 1, 2, and 3.

3.1. Overview of image processing technology

The process of classifying mangoes using image processing technology:

— Classification of 1
mangoes based

Camera to Image on defects Calculate the
Mangoes P take image »| processing [ | weight of the
mangoes
Calculate the
volume of
mangoes

Figure 3.1. Schematic diagram of the mango classification process using image processing technology

Method of implementation (Figure 3.1): raw mango data (labelled) were measured manually by using calipers to
measure length, width and height (volume) and the volume of fruit was calculated using the method overflow flask,
determine the mass by measuring balance. This is the initial sample dataset. When there is a dataset, put the mango on
the classification system, in the image processing room, the camera will record video, take pictures and bring it to the
image processing system (control center) for image processing (many stages will be processed) introduced in this
section). Here, mangoes will be classified according to the defects found, and the image processing system will determine
the mango volume by statistical method. Then, combined with the system to determine the weight of mangoes to classify
mangoes into categories 1, 2 and 3.

3.2. Working principle of image processing system

Light
v Take Image
Camera > images |  processing
y
Control systems, Extract Analyze the
actuators < information (data) % image after
from images processing

Figure 3.2. Schematic diagram of image processing principles in machine vision
Color in machine vision is used to estimate Brix, degree of defects, shelf life and nutritional value. In terms of machine
vision, there will be two main parts: taking pictures and processing images. This topic applies to single-colored fruits, the
system will specifically determine the attributes of mango fruit such as: fruit size (length, width, height), defect size (area of
defect) disability). The principle of image processing in machine vision is shown in Figure 3.2.
3.3. Mango classification system using image processing technology

3.3.1. Systematic algorithm for classifying mangoes by defects, volume and weight
7
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Figure 3.4. Algorithm flowchart of mango classification system by weight, volume and fruit defects
The image processing system is responsible for receiving mangoes from the mango feeder, moving and taking pictures of the
entire surface of the mango, then processing and classifying them into categories 1, 2 and 3 (Figure 3.4).
3.3.2. Process of image processing and data calculation
3.3.2.1. Image acquisition
The camera is placed in the image processing system (Figure 3.6) and meets the image processing requirements. Based on
the camera's specifications and through experimentation, the camera meets the requirements. Through experimentation, place the

camera in the center of the shooting chamber 50 cm from the roller conveyor.
Photographic chamber

Partitions
Roller Conveyors

Figure 3.6. Image processing system

Shooting booth: Use a camera arranged to shoot from the top.

Description of camera layout: The camera is placed right in the middle of the image processing chamber (on the light, the
photo booth has been filtered, suppressed by light), perpendicular to the roller conveyor, when the mango moves through the
chamber. Photographed by the mango rolling mechanism that will roll around the center of the mango, the aim is to find out
the shape defects, defects present on the mango surface such as dark brown spots, dark spots, bruises, wilting and determine
the volume. mango, the computer program is responsible for taking pictures of the surface of the mango, and at the same time
determining the number of each fruit.

Positioning the mango on the conveyor belt (in the shooting chamber): Through the experimental process (this calculation

has been improved compared to the initial parameters in Chapter II to match the stated requirements), the length the maximum

8



mango of the mango is 150 mm, the maximum width of the mango is 80 mm, to meet the minimum yield of 3 tons/hour, when
calculating the minimum conveyor length is 1850 mm. The distance between the two conveyor rollers is 90 mm to ensure that
the mangoes do not touch during the transmission, making it easy for the camera to scan each mango.

With a distance of 2 conveyor shafts 1850 mm, 20 spaces are available. Conveyor width 1050 mm, divided into 3
channels leading to mangoes. Each row of tendons lifts 3 mangoes, averaging about 0.3kg/fruit. It follows that 1 rotation
of the conveyor (9 ledges) can lift 9 left. The maximum total number of mangoes on the conveyor is 60 to meet the
required yield.

With the calculated parameters, the relationship between conveyor belt speed, camera processing speed and system
processing speed:

Velocity of inner conveyor (3.2):

_ ztn  38.12,7.23

, (3.2)
60000 60000

=0,14m/ s

In there:

z = 38 (teeth): Number of active disc teeth

t=p = 12,7: chain step

n =23 (rpm): Number of active sprocket revolutions
With a camera processing speed of 30 frames per second, it will be easy to scan clearly the defects on the mango.
Working capacity of inner conveyor (3.3):

_ Fy _1004,5.0,14
¥ 1000 1000

=0,14(kW) (3.3)

In there:
F=m.g (m=102,5kg: conveyor volume, g =9,8)
From (3.2), (3.3) inferring that the distance between two consecutive mangoes is 90 mm (which is the distance
between the two conveyor rollers) and the processing speed (system capacity) of the grading system.
3.3.2.2. Image preprocessing
3.3.2.3. Image binary
Image binary is the process of converting a gray image into a binary image, shown in (Figure 3.14).

3.3.2.4. Convert RGB color image to grayscale image (Figure 3.14).

Figure 3.14. Convert RGB color image to gray image and Convert gray image to binary

3.3.2.5. Defect detection and defect area calculation

3.3.2.6. Classification based on defect area
Calculate the approximate area of a Pixel.
Results of measuring the actual size of a sample mango and the corresponding number of pixels:
Length (L): 13,69 cm — 426 pixels
Width (W): 8,51 cm — 281 pixels
Hight (H): 7,28 cm — 258 pixels
1369 _ 851

From this calculate the approximate area of a pixel: —— X —— = 0,09732 mm?
4260 2810



Classification: Find the largest defect area if larger or the number of defective areas is larger in the area where each area has a larger
area than specified, the mango is rejected (Figure 3.19).

Figure 3.19. Number of disabled areas found
3.4. The image processing system calculates the volume of mango
3.4.1. Method 1 - Split the cut layer calculate the volume of mango
The results of the volume of mango obtained when calculated in Kinect compared to the actual volume (Figure 3.25).

Compare method 1 with actual mango volume

mVolume (ml) m Method1

700
600
500
400
300
200
100

1 2 3 - 5 6 7 8 S 10

Figure 3.25. Comparison of the volume obtained by method 1 and the actual volume

Conclusion: From the chart Figure 3.25, the difference between the actual volume of mango and the volume found
by the shear layer method is quite large. This leads to the classification will not be highly accurate.
3.4.2. Method 2 - Dimension statistics (by volume)

Step 1: Size statistics (by volume)

Step 2: Find the dependency equation

Given 3 input variables (length, width, height) and one output variable (volume), use multivariable regression to find the
relationship between them. Just understand that, when using the size of the actual volume of the mango to find the dependent
equation, then using the Kinect to calculate the length, width, and height, and with the dependent equation will find the
corresponding volume. SPSS software supports multivariable regression to find dependent equations. For input variables and
output variables, SPSS will give the most accurate dependent equations and related graphs. Here the input variable is the size
of the mango and the output variable will be the volume of the corresponding mango, resulting in (7able 3.1).

Table 3.1. Table of parameters of equations depending on the volume of mango

Normalization
The The variable Unnormalization coefficients .
able i . . coefficients ¢ Si
:;arlabde li . is n(()i t ﬂ Standard ig.
ependen ependen deviation Beta
(constant) -1000.959 62.866 -15.922 .000
. Lenght (mm) 3.249 0.352 0.452 9.237 .000
The tich
Width (mm) 2.956 1.399 0.170 2.113 .041
Hieght (mm) 10.155 1.491 0.561 6.812 1000
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The dependence equation between size and volume (3.5).

V= 3.249 * Length + 2.956 * Width + 10.155 = Hieght — 1000.959 (3.5)
Histogram Normal P-P Plot of Regression Standardized Residual
Dependent Variable: Volume (ml) , Dependent Variable: Volume (ml)
Mean =-2.88E-15 o0
12+ — Std. Dev. =0.963
N =42
(=}
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Figure 3.28. Normalized Residual Frequency Histogram and Normalized Residual Histogram Normal P-P

From the chart in Figure 3.28, the mean Mean value is close to 0, the standard deviation is 0.963 which is close to
1, so it can be said, residual distribution is approximately standard. Therefore, it can be concluded that: The assumption
of the normal distribution of the residuals is not violated.

Then access the Normal P-P normalized residual chart (Figure 3.28) and the volume independent variable scatter
plot to determine the normal distribution and linear relationship. From the chart in Figure 3.28, it can be seen that the
percentiles in the distribution of the residuals are concentrated in a diagonal, thus, the assumption of the normal
distribution of the residuals is not violated.

Step 3: Find the dimensions via Kinect

Step 4: Calculate the volume of the mango

Based on the dependency equation found from a type of mango, Cat Chu or Cat Hoai Loc, for each type of mango,
the length, width and height need to be determined, then the corresponding volume can be deduced.

The results of the volume of mango were obtained when calculated by the Kinect statistical method with the actual
volume (Figure 3.32).

Comment: From the chart in Figure 3.32, it can be seen that the difference between the actual volume and the
calculated volume is still quite large. Mainly because the image obtained from the Depth sensor has a low resolution and
is susceptible to noise from the environment.

Compare method 2 with actual mango volume

mVolume (ml) ® Method 1

700 =
600 3 = ﬁg .
500 ) o8 é = E’S
400 ] | it § EH =
300 EE §§ E §§ EE
200 sSE EE E = EE
100 %g %g g gi E§
0 SE —= g TiE S
1 2 3 4 5 6 7 8 9 10

Figure 3.32. Comparison of the volume obtained by method 2 and the actual volume
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3.4.3. Mango classification system using Camera — RGB

Statistical method to calculate volume by size:

In the first two steps: Size statistics (by volume) and finding dependent equations, were performed in the Kinect
statistical method. So, in this section do not study these 2 steps but move to the next 2 steps.

Step 3: Find the size via Camera

First, in most mangoes there is a certain color threshold. So, we will adjust the threshold and start converting to
grayscale image so that the resulting image has the background and mango are 2 separate color values. Here, the threshold
for the topic is set at 135 (the color of mango provided by an expert), the threshold of mango ranges from 140-255 (with
5000 Cat Hoa Loc mangoes in Dong Thap).

Draw a rectangle to test whether the pixel size is true or false (Figure 3.35).

CONNECT Sensor .

Length Width  Height
|_ .

19216811

v

Figure 3.35. Results obtained after determining mango size

VOLUME

Once you have the dimensions in pixels and also get the dimensions of the pixels, just multiply them to get the actual
size of the mango.

Step 4: Calculate the volume of the mango

Based on the dependency equation found in the previous method and with the real size found in step 3, substitute
the equation to calculate the corresponding volume.

The results of the mango volume were obtained when calculated by the statistical method by size using the RGB Camera.
3.4.4. Results of the method to calculate the volume of mango using image processing

The subject has experimented to choose the most accurate method to calculate the volume of mango.

Through experimental data, it was found that with method 2 (statistical), the mango volume approximated the real mango
volume with the lowest error. Therefore, method 2 will be applied on the mango classification system model of the topic.

3.5. Mango weight calculation system for grading

Step 1: Combine sensor and Loadcell

Experiment on 100 mangoes (marked each fruit and run 10 times (round) to check system stability, take the average
value of each fruit), experimental data based on data processing value experimental results are considered to have passed
[9], with the actual results obtained (Table 3.3).

From the results in the table, it is easy to see that the weight when weighing on the dynamic conveyor will always
be less than the original weight by some value. Because the results have a rather high error, adjust parts such as the
mango conveyor belt and adjust the control mechanism on the system so that the error is reduced to the allowable level.

The results are entered into Excel to calculate, the relationship between these two quantities (original weight and
weight on the conveyor belt) has a linear relationship with each other according to the first-order equation (3.8).

Equation to look for: y =1,060952497. x + 63,01837755 (3.8)

From equation (3.8) and building blocks in the PLC to calculate the exact volume. Error results (7able 3.3).

Average error A§ = + 2 gam - acceptable error.

So: The equation is reasonable.
12



Table 3.3. Error in calculating actual mass of mango and calculated by equation

Weight when weighing .
Weight calculated by
No Actual weight with conveyor . Error
the equation
v=4,21 (rpm)

1 410.4543 329.5663 412.6726 -2.21827

2 469.9725 382.7528 469.1009 0.8716

3 323.1496 243.6132 321.4804 1.6692

4 551.0186 459.2086 550.2169 0.8017

5 442.9044 356.4762 441.2227 1.6817

6 432.1404 348.2459 432.4907 -0.3507

7 451.4862 367.7153 453.1468 -1.6604
98 399.6903 316.5863 398.9014 0.7889
929 393.7589 313.2621 395.3746 -1.6153
100 469.9725 383.5443 469.9407 0.0318

Step 2: Create an array of values in Visual Studio.

Step 3: Calculate the weight of the mango

From the array just created above, use the function to choose the largest value, now that value is the desired mass
of the mango.

3.6. The structure of classifying mangoes into each type

The image processing system is responsible for receiving the mango from the mango feeder, moving and taking
pictures of the entire surface of the mango, then processing the weight and density (by volume and weight) and classifies
them into categories 1, 2 and 3.

3.7. Results of classification of mangoes by weight, volume and defects using image processing

In Chapter 11, after completing the mango classification system by weight, this chapter III has successfully applied
image processing technology to the mango classification system. Applying image processing technology to the
classification system to find a method of classifying mangoes by defects and volume. Set up the dependency equation
(3.5) and find out the statistical method (by volume) that gives the lowest mango error result, so this method should be
used for the system.

Build control algorithm and by interpolation method to find linear equation of order 1 (3.8). From the equation just
found, built in blocks in the PLC to calculate the exact mass, the results find the smallest mass error (< 2 grams), so this
method is applied to the distribution system. type.

When calculating the volume and weight, based on the density formula, find out the density of the mango (the
allowable density of mango is from 1.0 - 1.1) and use the structure to classify the mango into class 1, 2 and 3.

3.8. Conclusion

The classification system uses image processing technology to achieve the desired classification results. However, the
image processing still gives small error results, through extracting images of mangoes with fuzzy defects, or undefined
defect areas. To overcome this phenomenon, the study will use the accurate method of predicting mangoes according to
defect color thoroughly on the classification system, which is proposed in the next section of chapter IV.

Therefore, in this chapter III will find out a method to determine mass, volume and defect using image processing
technology. From there, the weight, volume and defects of the fruit are determined according to the mango standards set
out on the classification system. However, this classification system only assesses the quality of the outside of the mango,
the quality of the inside of the fruit has not been determined, and there is an error in the classification. To evaluate the
quality of the inside of the mango fruit, a method other than image processing must be used, which is to use Al on the above

classification system, which will be discussed in Chapter IV.
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CHAPTER 1V: CLASSIFICATION SYSTEM OF MANGOES USE IMAGE PROCESSING TECHNOLOGY
COMBINED Al

In Chapter III, when completing the mango classification system by weight, volume and fruit defects using image
processing technology. This classification system only evaluates the external quality of the mango fruit and the image
processing system also suffers from errors due to fuzzy or unidentified defects. The solution is to combine the evaluation
of the quality inside the fruit, it is necessary to apply Al to the algorithm as well as the problem of determining the quality
of the mango. Until this chapter IV, continue to study the mango classification system using image processing technology
combined with Al to develop the mango classification system in chapter III. With this classification system, in addition
to the image processing system, it will be combined with computer vision and artificial neural networks to accurately
classify defects and predict the mango Brix degree. Using 4 modeling methods LDA, SVM, KNN and RF to classify
mango accurately. Also the FFNN neural network application correctly predicts the mango Brix degree output.

4.1. Overview of the mango classification system using AI combined image processing technology

In addition to the studies in the review, there are many other studies that have been effective in fruit classification
before such as Support Vector Machine (SVM) [90,91,95], Discriminant Analysis (DA) [92,93,96], Random Forest (RF)
[98], K Nearest Neighbors (KNN) [99]. In this study, experiments are proposed with four machine learning methods
such as SVM, DA, KNN and RF. The results of the experiments indicated that they give a higher accuracy after analysis

than the methods used previously.

Central processor

Image processing
—I l_ Central processor
Depth-aware video
frame interpolation
— | Applied model —
r A
| | —| | ==
Boundary detection seNer L[_ T
Shape and defect of | Type of mango
mango }

Estimate weight I[

loadcell signal

Figure 4.1. Operating procedures of the mango grading system

The four most famous supervised machine learning algorithms discussed include LDA, SVM, KNN, and RF. The
process of image sorting mango by machine learning is depicted in the diagram of Figure 4.1.
4.2. Prepare data for the grading process

The starting dataset used to train predictive models must be really accurate (accuracy and precision) and diverse.
The more data available for training the predictive model, the more accurate the model. Therefore, the study's
Measurement and Data Collection took place at any time during mango harvest. Mango data is collected based on actual

measurements. Each dimension is measured multiple times.
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4.3. Mango grading system using machine vision

In chapter 111, a mango classification system has been established according to the mango classification system by
color, weight and volume. In this chapter, machine vision will be applied to analyze visible images. This study consists of
3 steps: In the first step, which is the imaging process, in which images are acquired from the image processing chamber
through a roller conveyor system. From inside the sealed and illuminated image processing chamber, the image of the
mango is captured and saved. In the second step, the captured image goes through multiple processing steps such as fps
boost (frames per second), image noise filter, edge detection, and boundary tracking. Finally, the third step is a process
where the height, width, and defects are extracted and aggregated into a data set. Research [98] shows an objective view of
the accuracy of the threshold method. The threshold method is used to convert the color image into a binary image, which
is then processed through the image processing chain. Image processing is performed per frame. The frames are filtered for

noise detection, edge detection and boundary tracking from which mango features can be extracted [103].

Data Noise
Standardize [——— Filter
al R Building
Datasets machine

T learning
Evaluation of A’/
data sets on the w

Training

system — }
Test = data
data

Figure 4.2. Flowchart of the preparation of the mango dataset
4.4. Extracting features outside of the mango image
The images are segmented with 0 for the pixel area of the mango and 1 for the remaining pixel area in each frame. The
next task is to calculate the area of the pixels according to the actual size. This is a step that greatly affects the accuracy of
the process. With binary images, the pixel area can be estimated as the actual size using (4.20).

L = K‘/4b0undary (420)

Since the coeficient K is estimated from approximate variables, the error of K is given in (4.24).
1 n
e=—> (L~ (KA))
L] (4.24)
Put de = Xde; = D he.w; is the total area of defects and de; is the second disability frame iy. Each handicap frame
will have a length /e; and the width of wi. Because both %e; and wi are all at fault g, So, disability's fault Ade calculated

according to (4.25).

Ah,,  Awy,
Ade=2dei.( L+L)=2dei.(i+i) (4.25)

he; Wi; he; — wy

In this section, the actual size of the mango is estimated through the implemented algorithms. Based on a series of
calculation formulas, the size of the image is determined according to the actual size with an acceptable error. The estimation
process is calibrated depending on the hardware of the machine. In addition, mango surface defects were detected to
determine the total defect area.
4.5. Estimated weight and density of mango

During image processing, mango orientations are presented at random, however, the size of mango is determined from
a rectangle covering the mango based on image processing algorithms. In some references there are three variables for
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determining mango mass. However, based on other studies [103], [98] showed that width (wi) and height (he) are related,
so both can be replaced by two variables like width (wi) and height (%e).

The data collected from the image shows the relationship of the variables and the mass depending on the two variables,
height (he), width (wi). For confirmation, a practical procedure to measure actual mango was performed with variables such
as height (he), width (wi) and mass (7) in n mango samples. The task is to predict the volume with variable height and width.
4.6. Method of machine learning model on classification system

A new self-learning system for the K-Nearest Neighbors method is proposed to automatically detect the color
threshold of mangoes in the mango recognition problem. Pose a combined model of a Multi-Layer Feed-forward Neural
Network and a self-learning algorithm to predict the Brix of a mango based on fourteen features (length, width, thickness

(height)), weight, density, R1, R2, R3, G1, G2, G3, B1, B2, B3).
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catures ‘ ©
The Architecture
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Figure 4.8. Self-learning system model for the K-Nearest Neighbors method

Stage 1 - Training model; Stage 2 — Image recognition; Stage 3 — Image processing; Stage 4 — Update data.
4.7. Classification of mangoes using LDA, SVM, KNN and RF modeling methods

From different mango seasons, 4983 mango samples were measured accurately and carefully (Each fruit from 300-
500 grams includes 3 types of mango as prescribed, each month sampling is enough for testing [8]. from each month are
shown in Table 4.1. Mango data are collected based on actual measurements where length and width (height, width, size of
defect) are measured by Mitutoyo tools with accuracy of 0.05mm In addition, the weight of each mango is measured by an
electronic scale based on a conveyor sensor with an error of 0.01g.

Bang 4.1. S6 luong miu xoai do mdi thang

Month 11 12 2 3 4 5 6
Samples 982 691 492 542 631 998 647
In addition, the volume (V) of mango is measured by overflow flask method with 1000ml glass flask equipment and

0.4ml error for which the measurement methods are strictly implemented to ensure accuracy. Each quantity is measured
10 times. The average value of the measurements is calculated. Where n is the measurement time.

In this study, supervised Machine Learning models are used to predict mango varieties. There are four algorithms
to apply and implement LDA, SVM, KNN and RF equipped with mango data and their accuracy will be displayed. The
dataset was generated by manually classifying mangoes based on density (D), volume (V) and defects (de). This manual
grading is done by mango experts. Labeled grades including G1, G2 and G3 of mango were measured in D, V and de
from the four extracted characteristics de, we, wi and le (Figure 4.20).

The data set is divided into three parts as training data, validation data and test data. In the outer layer, 10% of the

original data is extracted as test data to determine the performance of the models. The rest of the data is used to develop
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a model. 90% of the original data is used in the inner layer to tune the parameters. That data is split into training data for
the model to provide prediction or quality assessment, validation data is to evaluate the model's accuracy and select the
best parameters of the model based on given outputs objectively. The training data is used to train the model to make

predictions and the validation data to objectively check the accuracy of the model based on the given output.

© ©O

Automatic

r— Classification r |
| [ 1 |
[ORCRONCIMONONORO]
| [ 1 I
| ‘ || I
Machine
l e Learning — 9 | | |
I R T O |
I I | |1 |
I : SVM LDA : |1 I
11 e ® O
L - - __—_ L

Figure 4.20. Classification system process using machine learning for 4 models LDA, SVM, KNN and RF
The experiments in Table 4.4 show that the estimated results are very small.
Table 4.4. Actual dimensions of height, width and defect variables

Height (mm) Width (mm) Defect (mm?)
Index | Actual | Estimated | Error | Actual | Estimated | Error | Actual | Estimated | Error
size size size size size size
1 152.2 152.0 0.2 83.2 83.0 0.2 7.4 7.6 0.2
2 154.8 154.9 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 2.1 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 0.1 829 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 5.9 0.2
4981 119.1 1189 0.2 71.4 713 0.1 3.7 33 0.4
4982 159.6 159.7 0.1 78.0 78.1 0.1 6.4 6.3 0.1
4983 129.5 129.4 0.1 89.7 89.8 0.1 9.5 9.7 0.2

In this section, an overview of the entire dataset is considered and the most appropriate data processing steps are
performed before applying the algorithms. The data will be checked and removed for strange values in Table 4.6.

Table 4.6. Table of variables range of data

Type 1 Type 2 Type 3 Total Difference
Weight 400 — 520 330380 170 - 300 170 — 520 350
Height 125 -135 118 - 120 105 -115 105-135 30
Width 85-88 77-83 71-175 71— 88 17
Defect 1-3 1.2-35 3.8-9 1-9 8
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In the extracted dataset, the distribution of data among the variables is very different, so it is necessary to normalize
the data. The method Z-score was used, the values were standardized with the constraint [-3,3]. This is normalized data.
Mango data of 4983 mangoes were used to train the LDA, SVM, KNN and RF models.

The dataset with 4983 data samples was extracted and aggregated from the image and the conveyor. The dataset
was divided into three parts with 3194 used for model training, 771 used for validation and 1035 used for testing. The

visualization of the training dataset is shown in Figure 4.29.

o Type3

Volume (cm3)

20 300 400 500 60 700 Weight (g)
Figure 4.29. Visualization of training data and defect limitation in LDA model classifier

The mango types in Figure 4.29 that distribute data points at the periphery seem easy to classify, but when
approaching the center, the division of mangoes becomes complicated and does not seem to follow an easy-to-understand
rule that will make it difficult difficult to classify algorithms.

The training dataset used to train four models LDA, SVM, KNN and RF respectively LDA model was first started
with relative accuracy of 91.9%. The mangoes are well segregated in the defect data regions (0,2), (2,4) and (6,12) where
the predicted mangoes are close to the actual data. However, the error increases sharply in the defect region (4.6). Since
grades 1, 2, and 3 mangoes are separated by straight lines, there is an imprecise division between the two mango types
in the defect zones (4,6) that are large areas of intersection between the two types.

The second model used is the SVM model, which, similar to LDA, divides the mango for the hyperplane. Training
results give good results with 97.3% accuracy. Since the accuracy of the SVM model depends on the kernel function, the
consistency of the model depends on the form of the kernel function displayed in.

Although the classification of the SVM model is very reliable, there are still incorrect assumptions between the
intersection areas of the mango type. One algorithm that can solve this problem is KNN, an algorithm that works and makes
predictions based on surrounding points. The number of points around the prediction point affects the classification result of

the predicted point and the dependence of the model's accuracy on the number of neighbors displayed in.

Validation Curve With Random Forest
100 4 -

Accuracy Score

0.94 A = Training score
— Cross-validation score
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Number Of Trees
Figure 4.36. RF confirmation curve
18



The final RF modeling approach will solve most of the shortcomings of the three models mentioned above. First, in
order to have a good model for classification, the number of trees in the forest shown in Figure 4.36, needs to be
controlled so that the model accuracy is best.

In Figure 4.38, the number of trees in the forest greatly affects the accuracy of the RF model. When increasing the
number of trees, the accuracy of the RF model ranges from 97 to 98.3% from the 14th tree onwards. Therefore, to ensure

the stability and training speed of the number of trees, 27 are selected for the parameter of the RF model.
LDA SVM

Volume
Volume

Weight

KNN

Volume

Figure 4.38. Compare four models including LDA, SVM, KNN and RF
Table 4.9. Accuracy of models

Type Typel Type2 Type3 Precision Sensitivity F1score Accuracy
(%) (%) (%)
Random forest Typel — 348 2 0 99.4 98.6 99.0 98.1
Type2 5 305 7 96.2 97.8 97.0
Type3 0 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 1 6 359 98.2 98.0 98.1
Support Typel 342 6 2 97.7 96.9 97.3
Vector Type2 8 302 9 94.6 93.4 94.0 95.8
Machine(SVM)  qy,03 3 15 348 95.1 96.9 96.0

In this model, the disadvantages of the previous models are addressed in the mango classification in all defect ranges
(0,12) which are clearly and precisely defined by the legal classification system. The mango classification and the
classification method of the RF model tend to be identical when classified according to a set of rules which is the reason for
the high accuracy. Based on the experimental part of four modeling methods LDA, SVM, KNN and RF, the final selected
model will be used for mango classification as RF. The problem affecting the accuracy in the classification process is that
the boundary between mango varieties is not fixed and interwoven. The RF model handled this very well. The precision in

which the boundary between the mango is very complex can be clearly seen.
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In Figure 4.8 and Table 4.9, the models work more than 90% correctly. The best performing model is RF with 98.1%
accuracy. The models used for previous mango taxonomy studies did not perform as well as the RF model. The best yield
when predicting type 1 with RF model is 99.4% and type 3 is 98.6%, type 2 always has many errors in guessing. The best
error with KNN is 94.6%. The reason for the error in type 2 is too much noise between types 2 and 1, types 2 and 3 in the
training data. The relationship between types 1, 3 and 2 is not really clear in separating types 2 from the other two. The
accuracy of the models is significantly reduced due to errors in the type 2 prediction. This suggests that the type 2 will be
at risk of errors. The rate at which the type 2 model data enters the remaining categories is almost the same in the LDA,
SVM, and KNN models. However, with the RF model, this ratio is significantly different when the data guessing rate of
type 2 to type 1 is smaller than that of type 2 compared to type 3.

4.8. The results of mango classification using LDA, SVM, KNN and RF models

The classification models have been implemented with the support of machine learning algorithms. The implementation of
mango classifier is based on applying image processing technology to process mango capture images and then using four
modeling methods LDA, SVM, KNN and RF to automatically classify mangoes. There are several conclusions:

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

The supervised ML machine learning solution can maintain high prediction accuracy for different mango varieties. However,
the same should be applied to mangoes as sample mangoes.

Since the mango type is classified based on the rules and relationships of the mango feature, the RF modeling approach has
an advantage over other methods when it comes to classification based on the rules generated from input variables.

In this study, RF modeling method is proposed to predict mangoes in Vietnam and have successful results with an accuracy
of 98.1%. In addition, to determine the quality components inside the fruit, here is the degree of Brix of the mango and the
application of an artificial neural network to evaluate and determine the Brix level, and at the same time evaluate the quality of
the inside of the fruit.

4.9. Prediction of Mango Brix using AI combined image processing technology
4.9.1. Determining factors dependent on Brix mango

The survey carefully measured the size, weight and volume of 4983 mango samples and calculated the random error
of each mango. Measurement error is less than allowable error, so this data is reliable. Therefore, this data will be
considered as the test data size of mango. The next problem is to process the images of these mangoes to their actual size
and evaluate their accuracy. All mangoes are graded according to expert standards applied by all farmers. From the
distribution table above, the input variable affecting Brix degree is defined as the size, mass and volume of the mango,
and the output variable will be the Brix degree on the standard scale of the corresponding mango (Table 4.10).

Table 4.10. Table of parameters of equations depending on the degree of Brix mango

Th Unnormalization Normalization
. ¢ . The variable is coefficients coefficients .
variable is not dependent t Sig.
dependent p ﬂ Star.ldz'urd Beta
deviation
(constant) -150.593 3.483 -1.238 .000
Khoi luong 4.865 0.259 0.187 4.659 001
Brix (kg)
Hieght (mm) 7.495 0.328 0.294 7.382 .001
Width (mm) 5.573 0.589 0.342 3.583 .002
Volume (lit) 5.683 0.244 0.201 3.221 .0017

Based on Table 4.10, the equation of dependence between the input variables and Brix degree of mango in (4.53).
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Brixjepe; = 4.865 * Weight + 5.573 « Width + 7.495 = Height + 5.683 * Volume — 150.593 4.53)
4.9.2. Algorithm and control program on Al to determine Brix mango

The predicted Brix degree of the output layer is defined in (4.58).
n
N, N N
B= Zi: (W V)4 p N (4.58)

Self-study method in the problem of determining Brix of mango: Stage 1 — Training the FFNN model; Stage 2
— Error assessment and data update
4.9.3. Optimal Neural Network for Brix Mango Degree Prediction

From the algorithms, build a neural network that predicts Brix degree of mango: choose the number of input units
in this network to be 4, because these are the 4 influencing characteristics, most necessary to predict the degree of Brix.
Brix of mango.

The output will be degrees Brix (an integer) which means it's a regression equation problem so the number of output
units is one. In addition, the ReLLU functions are applied to the hidden layers, and the final layer is linear because it is a
regression equation.

The number of hidden layers is also an important issue in neural networks. Change the number of hidden layers and
the number of units in the hidden layers to find the most optimal value of the value function and that have the same
number of units in each hidden layer.

00=0*2%*¢g)—¢ (4.61)
Vé6i0 e[ —¢,¢].

The next step is to execute the command forward ho(x®) to get with any parameters x©). Then execute the value

function to see the error value (Figure 4.44).

Mean Square Error
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Figure 4.44. Value function graph for each iteration
Then execute the backpropagation command to compute the partial derivatives (4.62) and use a method known as
the slope test to confirm that the backward command is running fine.
o JO+e)—J(O—¢)
56 2¢ with € =107" (4.62)

With the input parameters of mango: variable mass (K), variable width (R), variable height (C), and variable volume (T).

Finally, use the optimization equation and the Adam decay ratio to minimize the value function with the weights in theta.
After adjusting the training set and evaluating the set validation and finding the optimal model, a network with 1 hidden layer
with n nodes is chosen for speed optimization and lowering the value of the value function. The optimal neural network was able
to predict the Brix of each mango based on weight, length, width and volume (Figure 4.46) with 98% accuracy on the test set.
4.10. Results of AI application predicting Brix mango

Successfully applied research methods to predict mango accuracy and selected RF modeling methods with accurate

mango prediction results up to 98.1%. Combined with the use of artificial neural networks to predict and evaluate the
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Brix level of mangoes with 98% accuracy. Since then, a high-performance mango classification system using Al

combined image processing technology is completed and effectively tested.

O Hidden layer
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Figure 4.46. An optimal neural network to predict the mango Brix degree
4.11. Conclusion

The image recognition and processing system because the input data source of the defects is not much, so initially the system
to process the signals about the defects still has many errors, but when proposing and using Machine Learning so that the system
can automatically collect and update defects on mango, so the accuracy is improved significantly. Put the Machine Learning
algorithm into the classification system so that the system can overcome the errors of misplaced mango trays and mango defects
by self-collecting and processing the data through many samples. Improve the whole system, choose the correct parameters for
the parts needed for the control circuits, choose the exact parameters of the components that make up the classification system.

The mango classification system in this topic can be applied in the classification of input materials in other agricultural
products when adjusting the system configuration and the classification algorithm for that agricultural product. The machine can
learn and adjust the grading requirements for different mangoes or other fruits. The published studies of this topic on the
application of Al in mango classification show the feasibility of the system in replacing humans in classifying mangoes as well
as other agricultural products.

Previous studies have shown an objective view of the accuracy of the threshold method. For this study, the thresholding
method is used to convert color images to binary images, then the images are processed through a series of image processing
morphologies. Image processing is done on a frame-by-frame basis. The frames are filtered for noise filtering, edge detection
and boundary tracking from which mango features can be extracted. The structure of the hardware as well as the image
processing chamber is studied based on the performance and productivity requirements of the system, so the moving mango
stream must be processed continuously during the sorting process. So, the extraction of mango characteristics will be done
according to the procedure.

The implementation of mango classification is based on applying image processing technology to process mango capture
images and then using four modeling methods LDA, SVM, KNN and RF to automatically classify mangoes. The prediction
results of the RF machine learning monitoring model mentioned in this study have a high accuracy of 98.1%.

After adjusting the training set and evaluating the set validation and finding the optimal model, a network with 1 hidden
layer with n nodes is chosen for speed optimization and lowering the value of the value function. The optimal neural network

can predict the Brix of each mango based on weight, length, width and volume with 98% accuracy.
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CHAPTER V: CONCLUSION

5.1. Discussion

In the process of researching and experimenting with the mango classification system, we have conducted an analytical
assessment of the factors affecting the classification system, thereby proposing solutions to overcome. Processing experimental
data, proposing some solutions to improve related systems to improve the efficiency of using this system (the system of
classification by weight of mango in chapter II). As for the factors affecting the classification system and solutions to overcome,
in general, the factors affecting the thing can be easily overcome, so it does not have a great influence on the classification system.

The experimental treatment methods and data provided have basically met most of the current requirements of accurately
classifying each type of mango by weight, volume and defects. Although there are still errors in the image processing to detect
defects (classification of mangoes according to defects in Chapter I1I), the classification system using Machine Learning should
use a long time, the data will be The more the machine collects, the higher the accuracy will be.

Using a high-resolution RGB camera helps to improve the processing of digital image signals (chapter III), and at the
same time allows the machine to work with different types of mangoes so that the machine can learn defects. on different types
of mango improves the accuracy of the classification process (Chapter IV).

The image recognition and processing system because the input data source of the defects is not much, so initially the
signal processing system of the defects still has many errors, but it is proposed and conducted to use Machine Learning for
The system can automatically collect and update defects on mangoes, so the accuracy is greatly improved. Put the Machine
Learning algorithm into the classification system so that the system can overcome the errors of misplaced mango trays and
mango defects by self-collecting and processing the data through many samples. Improve the whole system, choose the correct
parameters for the parts needed for the control circuits, choose the exact parameters of the components that make up the
classification system.

Previous studies have shown an objective view of the accuracy of the threshold method. For this study, the
thresholding method is used to convert color images to binary images, then the images are processed through a series of
image processing morphologies. Image processing is done on a frame-by-frame basis. The frames are filtered for noise
filtering, edge detection and boundary tracking from which mango features can be extracted. The structure of the
hardware as well as the image processing chamber is studied based on the performance and productivity requirements of
the system, so the moving mango stream must be processed continuously during the sorting process. So, the extraction
of mango characteristics will be done according to the procedure.

In the study, the evaluation process was carried out as well as comparing the value of mango on the actual scale and
the value taken from the Loadcell's controller. During processing, the signal is always noisy, causing the loadcell's
measurement results to be inaccurate. Therefore, all signals from the load cell are passed through a Kalman noise filter,
where too large variations are discarded. After receiving the weight signal from the Loadcell, these signals will be
decoded and evaluated to give the actual weight of the mango. This mass result is influenced by the position of the mango
on the tray. Therefore, the position of the mango on the tray will be checked by the camera. The estimated weight values
will be synchronized with the height, width, defect giving the result of forming a closed loop.

To determine the fruit density (3.9), the processor continues to receive the estimated mass and volume values of the
mango fruit, calculates the density value of the fruit and compares it with the standard density value. The processor will
transmit a signal to the motor to classify the mango. Thus, the assessment of the accuracy of the mango quality control
department based on the standard density range has been performed. Thus, it can be seen that the method of assessing

the quality of mangoes based on the proportion comparison achieves very high accuracy.
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5.2. Conclusion
5.2.1. Research results on experimental model of mango classification system by weight

The automatic mango classification system by weight has completed the model and comes into operation (Figure 2.11).

The mango classification system has been and will be combined with image processing technology and Al application to
form a mango classification system according to the subject's objectives.

5.2.2. Results of classifying mangoes by weight, volume and defects using image processing technology

The automatic mango classification system by weight, volume and defect using image processing technology has been
completed. From this system, the dependent method (3.5) was established and a statistical method (by volume) to determine the
volume of mangoes gave the lowest error results, so the study used this method for the system. classification system.

From the classification system, a control algorithm and interpolation method have been built to find a linear equation of
order 1 (3.8). From the equation just found, built in blocks in the PLC to calculate the exact weight, the results find the smallest
mass error (< 2grams), so this control method is applied to the classification system.

When calculating the volume and weight from the classification system, based on the density formula (3.9) find out the
density of the mango (permissible density of mango from 1.0 -1.1) and from the classification system. using a structure to classify
mangoes into categories 1, 2 and 3.

5.2.3. Results of the mango classification system using AI combined image processing technology

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

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

The supervised ML solution can maintain high prediction accuracy for different mango varieties. However, the
same should be applied to mangoes as sample mangoes.

Since the mango type is classified based on the rules and relationships of the mango feature, the RF modeling
approach has an advantage over other methods when it comes to classification based on the rules generated from the
input variable.

In this study, RF modeling method is proposed to predict mangoes in Vietnam and have successful results with an
accuracy of 98.1% (Table 4.9).

The optimal neural network can predict the Brix of each mango based on weight, length, width and volume with
98% experimental accuracy (Table 4.11, Figure 4.46).

5.2.4. Results using the experimental mango classification system

The thesis has completed the set goal of researching a high-performance mango classification system using image
processing technology and artificial intelligence (Figure 4.47).

Efficient use of the system: the capacity of the sorting machine is over 3 tons/h, the system can run continuously for
18 hours/day. The productivity per day is 54 tons, increasing the capacity many times compared to the manual method,
solving the limitations of the traditional sorting method (Figure 4.48), the grading system can be replaced. more than 20
skilled workers, reducing costs and ensuring 98% classification accuracy (Figure 4.49).

5.3. Theme development orientation

When developing and optimizing classification methods using image processing technology combined with Al in
the mango classification system, the system can also classify other agricultural products such as grapefruit, lemon,
tomato, etc. change some elements, control structure, actuator structure. Contributing to the application of high-tech

science and technology to research, production and trade.
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