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T6i cam doan day 1a cong trinh nghién ctru cua tdi. Cac s6 liu, két qua néu trong
luan &n 14 trung thuc va chua ting duoc ai céng b trong bat ky céng trinh ndo

khac.
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LOI CAM ON

Trudc tién, t6i xin giri 10i cam on sau sac dén cac giang vién huéng dan
Thay PGS.TS. bang Thién Ngbén va PGS.TS. Lé Chi Cwong nho nhitng dinh
hudng, goi ¥ nghién cau hét sac quy bau, nhitng chi dan cu thé va nhiing y kién
phan bién cua quy Thay da gitp t6i hoan thanh luan an. Mot lan nira xin duoc bay
t6 10ng cam on sdu sic dén quy Thay.

Xin gui o1 cam on dén tat ca Thay/Cé khoa Co khi Ché tao may truong dai
hoc Su pham Ky¥ thuat Tp. HCM da truyén dat cac kién thirc nén tang quy bau tir
cac hoc phan tién si, nho nhitng kién thirc nén tang nay ma téi mai cd thé thuc hién
duoc codng viéc nghién cau. Xin gui 1oi cam on dén quy Thay/C6 trong hoi dong
danh gia chuyén dé caa luan an, nhitng y kién phan bién va goép y da giup toi rat
nhiéu trong viéc chinh sira va hoan chinh luan an caa minh.

Xin gui 161 cam on dén 1anh dao treong dai hoc Su pham Ky thuat Tp. HCM,
Khoa Co khi ché tao my, nhém NCTD K3 thuat Co khi va Mbi truong (REME
LAB) di ho trg cho nghién cau sinh trong véc nghién ciu va thi nghiém. Xin cam
on Ban Giam Hiéu Truong Cao dang Cong nghé Qudc té LILAMAZ2, cac ban bg,
ddng nghiép da dong vién, gitp d& va chia sé kinh nghiém dé téi co thé thuc hién
cdng viéc nghién ctru mot cach thuan loi nhat.

Xin tran trong cam on c¢ong ty Giai phap Kiém dinh Viét Nam (VISCO
NDT) di hd tro thiét bi NDT va tu van k¥ thuat cho cong viéc nghién ctu va thuc
nghiém.

Cubi cling xin chan thanh cam on gia dinh va nguoi than lubn chia s& moi
kho khin va 1a chd dwa vitng chac vé vat chat Ian tinh than trong sudt thoi gian thuc
hién va hoan thanh luan an.

Tp. Hé Chi Minh, ngay 25 thang 08 ndam 2021
(Ky tén va ghi rd ho tén)

T6 Thanh Tuan



TOM TAT

Hién nay cong nghé do kiém bang phuong phap siéu am t6 hop pha (PAUT)
dd va dang dugc tng dung trong viée do kiém danh gia d6 mon bon chira xing dau
c0 d0 tin cdy va hiéu qua cao. Tuy nhién, cong viéc do kiém d6 mon bon chua hién
nay van dang duoc tién hanh mét cach thi cong mét nhiéu thoi gian, d6 chinh xac
phu thudc vao trinh do tay nghé cua ky thuat vién siéu am. Ngoai ra, do phai phu
thudc vao cac dung cu ga dat, gian gido nén chu yéu chi trién khai do kién tra mon &
mot s6 khu vic ciia bon nén khong thé xay dung dugc ban d6 mon tong thé dé co
duoc két qua danh gia chinh xac vé chit luong cia bon. Pé rat ngan thoi gian do
kiém danh gia 6 mon va cho phép danh gia tong thé vé d6 mon cia bon ciing nhu
tung budc tu dong hod cong viéc do kiém, luan &n “Nghién curu giai phap do kiém
tra d4nh gi4 d6 mon bon chtra xing dau dung tich 16n sir dung robot mang dau do
siéu am” da duoc thyc hién dinh hudng cac ndi dung chinh sau:

1. Pé xuit quy trinh thyc nghiém do d6 mon tmg dung k¥ thuat kiém tra siéu
am t6 hop pha (PAUT) str dung robot mang dau do siéu am PA duoc chimg nhan dé
do d6 mon bon chira xang dau dung tich 16n.

2. D& xuat yéu ciu ky thuat cho robot mang dau do siéu 4m PA thuc hién
kiém tra danh gia d6 mon bon chtra xang dau dung tich 16n.

3. Xac dinh quang dudng di chuyén ngin nhat cta robot khi tién hanh mang
dau do siéu am PA kiém tra mon bdn chira trén co so thuat toan PSO. Két qua tinh
toan dugc md phong trén phan mém MATLAB va dugc kiém chtng bang thuc
nghiém trén mo6 hinh bon chira.

4. Pé xuat giai phap “quét chong bién anh”, trong d6 anh thir (i) ¢6 bién anh
bén phai tring véi bién anh bén trai cua anh tht (i+1) v6i do rong 5 mm dé c6 thé
tim anh, so khép bién anh xac dinh cac anh lién k& nhau nham phuc vu cho viéc
ghép anh xay dung tao 14p ban do mon.

5. Trén co s& giai phap “quét chong bién anh” va phuong an duong di chuyén
ngin nhét, dé xuit phuong 4n diéu khién robot mang dau do siéu am PA thyc hién
kiém tra mon dé thu thap anh mon C-Scan cua bon chtra kiém tra. Bén canh do, viéc

chia ludi bdn chira thanh cac khu vuc 1000 x 1000 mm? dé trién khai cong viéc do



kiém tra siéu 4m mon c6 d6 chinh xac cao nhd xac dinh, diéu chinh chinh xéac toa
do cua robot cling nhu thur ty cac lugt quét, ké hoach hod viéc do kiém tra siéu Am
mon bon chira cling dugce dé xuit.

6. X4y dung phan mém ghép anh tao dung ban dd6 mon tng dung phin mém
MATLAB tur dir li¢u hinh anh C-Scan thu thap dugc tir qua trinh thyc nghiém do
mon bang phuong phap kiém tra siéu 4m PA. Phan mém ciing cung cip tinh ning
phan tich, xac dinh chinh xac cic thong s6 mon nhu: vi tri, dd sau va dién tich cua
khuyét tat mon.

Két qua do kiém d6 mon st dung robot mang dau do siéu am PA tng dung
quang dudng ngin nhat tim duoc theo thuat toan PSO duoc thuc nghiém kiém tra
trén md hinh bdn chtra duge ché tao theo tiéu chuan API 650:2016 va phén mém
ghép anh mon da phat trién da mang dén cac két qua sau:

- Robot mang dau do PA thyc hién t6t viéc di chuyén theo phuong an quang
duong ngan nhat tim dugc trén co s¢ thuét toan PSO.

- Cac anh mon thu thap dugc co chat lugng gan nhu tuong dong nhau dat
95% khodang tin cdy cua phép do;

- Giai phap quét chong bién anh giup phan mém ghép anh hoat dong hiéu
qua, nhanh chong xac dinh dugc cac anh ké 1ién nhau va xay dung dugc ban dd
mon tong thé;

- Két qua phan tich danh gia d6 mon tir phan mém phat trién trén co sd cac
két qua 5 lan thuc nghiém (twong tmg 5 ban d6 mon) gan nhu trong dong nhau. Két
qua ndy ciing dugc so sanh cho thdy dong nhat véi két qua duoc thue hién thu cong

do cong ty Giai phap Kiém dinh Viét Nam (VISCO NDT) thyc hién.



ABSTRACT
Nowadays, Phased Array Ultrasound Testing (PAUT) has been applied in the

measurement and testing the corrosion fuel tank with high reliability and efficiency.

However, tank corrosion testing is still measured manually, takes a long time, the

accuracy depends on the skill level of the ultrasonic technician. In addition, due to

the dependence on the mounting tools, scaffolding, corrosion test is mainly

deployed in some areas of the tank, so it is impossible to build a general corrosion

map to get exactly results about the quality of the tank. In order to shorten the

corrosion measurement and evaluation of time and allow an overall assessment of

the corrosion of the tank, the thesis “Research on measurement and evaluation

solution of corrosion for fuel tanks using robots carrying ultrasonic probes” was

carried out with orientation of the following main contents:

1.

The experimental procedure corrosion measurement proposed and applied
ultrasonic technique using a robot carrying ultrasonic phased-array probe to
measure the corrosion on fuel tank.

Proposing the technical requirements for the robot carrying the ultrasonic probe
PA to perform the measurement and evaluation the corrosion of the fuel tank.
Determining the shortest movement distance of the robot when carrying the
ultrasonic probe PA to test corrosion tank based on PSO algorithm. Calculation
results were simulated on MATLAB software and verified experimentally on
tank model.

Proposing the solution of scanning image overlap edge, the image i has the
right edge of the image to the left of the secondary image (i + 1)" with the
width of 5 mm to compare edge images; Determining adjacent images for
image merging to create corrosion map.

Basing on the solution of "scanning image overlap edge" and the shortest path
planning, proposing the plan to control the robot with the ultrasonic probe PA
to perform the corrosion test to collect the C-Scan corrosion image of the fuel
tank. In addition, meshing the tank is divided into 1000 x 1000 mm? areas to
deploy high accuracy corrosion ultrasonic testing by accurately identifying and

Vi



adjusting the robot's coordinates as well as the order of scan times, and a plan

for an ultrasonic tank corrosion test is also proposed.

6. Building image merging software to create corrosion maps applying MATLAB
software from C-Scan image data collected from the PA ultrasonic testing
method. The software also function analysis and accurate determination of
corrosion parameters such as location, depth and area of corrosion defects..

The results of the corrosion test using the robot with the shortest path applied
PA ultrasonic probe found according to the PSO algorithm are experimentally tested
on a tank model manufactured according to APl 650: 2016 and software The
corrosion image merging software developed and carried the following results:

- The robot with the PA probe performs well in the shortest path, which is found
on the basis of the PSO algorithm.

- The collected corrosion images have almost the same quality and 95% of the
confidental interval of the measurement.

- The image overlap edge scanning solution helps the image merging software
to operate effectively, quickly identify adjacent images and build an overall
corrosion map.

- The results of analysis and evaluation of corrosion from software developed
on the basis of 5 experimental results (corresponding to 5 corrosion maps) are
almost similar. The result strongly agrees with the manual corrosion test performed
by Vietnam Inspection Solutions Company (VISCO NDT) giving very small
difference. This shows that the thesis has met the research objectives and the
research results can be applied in practical production.
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DANH SACH CAC CHU VIET TAT

Ky hiéu /
chir viét tat
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MO PAU

1. Piatvan dé

Viéc dau tu xay dung bon chira va tram xuat xang dau trong thoi gian gan day
phét trién kha s6i dong nham phuc vu nhu cau ton trir va kinh doanh xing dau cua
cac doanh nghiép trong va ngoai nudc. Bén canh cac du &n xay dung lip dit bon
chtra, dich vy kiém dinh dénh gia chat lugng bon chira ché tao méi, cac bon chira cit
va c4c bdn chira dang sir dung ciing phat trién manh mé. Cong viéc kiém dinh danh
gia chit luong bon chira cho phép di dén quyét dinh cap phép mai, tiép tuc sir dung
hodc yéu cau tam dirng hoat dong dwa vao sta chita. Trong linh vuc nay, cac cong
ty dich vu do kiém danh gia chat luong bon chira trong nude c6 ning luc canh tranh
kém so Véi cac cong ty nudc ngodi. Ly do 4 thiét bi sir dung va van hanh tha cong
doi hoi lap dat hé théng gian giéo, phu thudc didu kién thoi tiét nén thoi gian kiém
dinh dai, do tin cay cua két qua phu thudc vao tay nghé cua ky thuat vién. Bén canh
d6, do kiém tra thu cong nén ning suét thap, két qua kiém tra khéng cung cp duoc
ban d6 mon tong thé caa bon chira va tiém an nguy co mét an toan lao dong khi ky
thuat vién thao tac do kiém. Tur d6, nhu cau rut ngan thoi gian, dam bao an toan,
ning cao ning sut va ting do tin cay két qua do kiém do mon bdn chira bing céc
quy trinh do kiém véi su hd tro cua thiét bi kiém tra ty hanh (robot) di duoc quan
tam nghién cau [1]. Cac thiét bi nay cho phép mang dau siéu am PA két ni voi
thiét bi do kiém chuyén dung, vi du nhu hé siéu am PA OmniScan, ¢é kha niang cho

phép tu hanh thuc hién cong viéc do kiém d¢6 mon theo chu vi va chiéu cao than bon.
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Hinh 1: Kiém tra mon thuc hién thu cong [2]



Ngoai ra, viéc ung dung cac hé thong nhu thé cho phép tu dong hda qué trinh

do kiém d6 mon va tao dung duoc ban dd mon tong thé.
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Hinh 2: Hinh anh két qua ian mon cua siéu &m PA [3]

Tuy nhién, cac thiét bi nay duoc san xuat di kém cac hé thong kiém tra danh
gia doc quyén nén gia thanh rat cao, khi sir dung can phai c6 gidy phép hoic céc
chting chi dao tao lién quan. Do vay, viéc nghién ctru phuong an do kiém, ché tao
cac thiét bi ty hanh mang dau do cho phép kiém tra danh gia d6 mon cua bon chua
dé c6 thé lam chu cong nghé, ché tao duogc trong diéu kién cdng nghé trong nudc
dang 1a mot van dé cap thiét va cd nhiéu ¥ nghia. Bé tai: “Nghién ciru gidi phdp do
Kiém tra danh gid d¢p mon bén chira xdng ddu dung tich lén si dung robot mang
ddu do siéu am” 12 mot nghién ciru theo dinh huéng nay nham giam bét chi phi,
giam thoi gian kiém tra, nang cao do tin cay cua két qua kiém tra ciing nhu cung
cAp mot giai phap an toan cho nguoi van hanh. Két qua nghién ciru cia dé tai sé cho
phep dua cong nghé nay ap dung rong réi ¢ trong nudc va tang tinh canh tranh cho
cac doanh nghiép dich vy do kiém trong nuéc.

2. Y nghia khoa hoc va thuc tién cia dé tai

2.1 Y nghia khoa hoc

- Xay dung dugc md hinh toan cho phép xac dinh duoc quang duong di
chuyén ngan nhat dya trén dic diém cua phuong phap kiém tra siéu am PA va dic
diém cua robot mang dau do siéu am PA.

- Pé xuat duoc phuong an do kiém ung dung robot mang dau do siéu &m PA



kiém tra mon bdn chtra xang dau dung tich 16n dua trén co s quy dao quang duong
di chuyén ngan nhat tim dugc.

- Pé xuit thuat toan ghép anh tao dyng ban do6 mon phu hop véi quy trinh
siéu am PA do kiém d6 mon bdn chira xang dau dung tich 1on sir dung robot mang
dau do siéu am PA.

2.2 Y nghia thuc tién

- Ung dung robot mang dau do siéu am dé kiém tra d6 mon cua bon chua s&
rat ngan thoi gian kiém tra, giai phong duoc sirc lao dong va dem lai hiéu qua cao
vé kinh té, nang sut dua ra thi truong robot mang dau do siéu &m gép phan nang
cao chat lwong kiém tra d6i véi bdn chta xang dau.

- Két qua nghién cau cua dé tai gop phan ty dong hda trong viéc kiém tra,
danh gia d6 mon bo chira xang dau, cd gia tri cao vé thuc tién tng dung.

- Gilp xay dyng ban ¢ mon cua bon chta xing dau, cho phép giam sét va
chu dong ké hoach hoat dong, bao tri bao dudng bdn chia.

3. Kétcau caa luan an
Két cau cua luan &n gdom céc phan:
- Mo dau
Gidi thiéu nhu cau tir thuc té, tinh cdp thiér va co sé lwa chon dé tai, y
nghia khoa hoc va thyc tién cia dé tai nghién cizu, két cau cua ludn an.

- Chuong 1: Tong quan

Trinh bay cac néi dung lién quan dén dé mon, cic phwong phdp kiém tra
ddnh gid dé mon hién nay. Bén canh dé, cac nghién citu vé xdc dinh quang
dwong ngan nhdt, cach thixc xay dung ban do ciing dwoc khdo sat va trinh
bay. Cac cong trinh nghién cuu trong va ngodi nuwdc co lién quan ciing
duoc phan tich, danh gia.

Nghién cuu khao sat thuc trang do mon ¢ Viét Nam, cac ton tai, dinh huong
nghién cizu, ngi dung nghién citu, déi tuweng va pham vi nghién citu, cac
phuwong phap nghién cuu

- Chuong 2: Quy trinh thuc nghiém do kiém tra @ mon bdn chira



Pé xudt théng sé ky thudt thiét ké, ché tao robot mang dau do siéu am,
kiem nghiém dg tin cdy robot, dong thoi ldp so dé tri bon chiza va xdc dinh
dién tich quét trén than bon cheza.

Nghién cizu dé xuat quy trinh thec nghiém do kiém @3 mon bén chiza dung
tich 16n ing dung ky thugt siéu am té hep pha (PAUT).

Chuong 3: M6 hinh toan xac dinh quang duong di chuyén ngan nhat

Gigi thiéu, xay dung bai toan tim qudng dwong di chuyén ngedn nhdt ng
dung thudt toan PSO dira trén dic diém ciia phwong phdp kiém tra sidéu am
PA, ddc diém cua robot. Qua dé dé xudt phwong dn di chuyén cia robot khi
do kiém déanh gid do mon bon chira duea trén mé hinh todn tim dwoc.
Chuong 4: Nghién ciru xay dung bai toan ghép anh mon.

Trinh bay cac két qud phdn tich, danh gid di liéu hinh dnh thu dwoc khi
thirc nghiém do mon. Dé xuat thugt toan ghép anh mon, tgo ding bdn do
mon va cho biét cac thdng s6 mon ¢ cac vi tri cu thé trong méi truong
Matlab.

Chuong 5: Thuc nghiém do kiém d6 mon va xay dung ban ¢6 mon.

Trinh bay cac két qud thiét ké va ché tao md hinh bon chia, thuc nghiém
kiém tra mon bon chira bang robot mang dau do siéu &m PA va hoat dong
cua phan mém xay dung bdn dé mon.

Két luan va kién nghi

Két lugn chung cua ludn &n va kién nghj vé nhiing nghién cizu tiép theo.
Danh muc tai liéu tham khao.

Phu luc.

Danh myc cac cong trinh d3 cong bd cua luan an.



Chwong 1: NGHIEN CUU TONG QUAN

1.1 Céc phwong phap do mon va ban dé mon

1.1.1 Phwong phap siéu am thong thuwdong

Co so ly thuyét cua phuong phap nay 13 st dung séng siéu am c6 tan sé cao
dugc truyén vao vat liéu can kiém tra. Hau hét cac phuong phap kiém tra siéu am
duoc thuc hién ¢ ving c6 tan sé 0.5 dén 20 MHz. Song am dugc phat ra tir dau do,
khi dén mat phan giéi giita hai moi truong thi da phan s& phan xa tro lai va mot
phan s& khlc xa (phan khic xa rat nho). Muac d6 phan xa phu thudc nhiéu vao trang
thai vat ly cua vat do [4].

Khi chim siéu am gip chd khong dong nhét s& xay ra cac hién tuong phan Xa,
tham thau va sy bién ddi song. Tir song &m phan hdi s& biét dugc cac khuyét tat
trong vat do. SOng siéu am c6 dd xuyén sau vao vat liéu Ién hon han phuong phap
kiém tra chup anh bac xa [4], cho phép phéat hién duoc nhitng vét nit nam sau bén
trong vat do. Nguyén 1y co ban caa phuong phap kiém tra bang siéu &m duoc trinh
bay & hinh 1.1.

Xung phat Xung khl/lyél tat Xylg day

M / g
Déu do " Khuyéttit
—‘ —3 < «—
Bo phat B§ thu
xung xung
i i Vit liéu kiém tra

Hinh 1.1: Nguyén ly cua phwong phap siéu am kiém tra khuyét tat vat liéu [5]
- Uu diém:
+ C6 d6 nhay cao nén phat hién duoc cac khuyét tat nho;
+ Cho phép kiém tra céc chi tiét day;
+ Vi tri, kich thuéc, hinh dang khuyét tat khi phat hién dat &6 chinh xéc cao;



+ Viéc kiém tra chi can tiép xic mot bén cua vat do.
+ Cho dap ¢ng nhanh nén thoi gian kiém tra ngan va dé dang ty dong hoa
cdng viéc do kiém.
- Khuyér diém:
+ Hinh dang cua vat thé kiém tra c6 thé gdy kho khin cho viéc kiém tra;
+ Kho kiém tra cac vat liéu c6 cau tao bén trong phic tap;
+ Can phai sir dung chat tiép 4m dé thuc day su truyén ning luong am vao vat
can kiém tra;
+ Pau do phai tiép xuc va phi hop véi hinh dang bé mat vat do khi kiém tra;
+ Huéng khuyét tat anh huong dén kha nang phat hién chinh xac khuyét tat.
1.1.2 Phuwong phap siéu am PA
Kiém tra siéu am PA (siéu &m t6 hop pha) 1a mot ky thuat moi, tién tién caa
phuong phap kiém tra khong pha huy (Non-Destructive Testing - NDT) sir dung
song siéu am. Dau do sidu am PA thuong bao gdm tir 16 — 256 bién tir nho riéng
biét, cach &m vé&i nhau va mdi bién tir ¢6 thé tao xung riéng r&. Ching c6 thé duoc
sap dat theo dai thang, vong tron hoic c6 hinh dang phuc tap hon. Céc bién tir nay
dugc kich thich bang xung dién c6 do tré theo chuong trinh dit trudge. SOng am tir
cac bién tir ndy s& giao thoa véi nhau va tao nén chum siéu 4m c6 goc phat, diém
hoi ty theo y mudn. Ciing gidng nhu dau do siéu am thong thuong, dau do siéu am
PA c6 thé dugc thiét ké dé c6 thé sur dung tiép x(c truc tiép (khdng qua ném) hoac
ghép ndi voi ném dé tao thanh cac dau do véi goc nghiéng tuy y hosc sir dung trong

mdi truong nudc. Dai tan sé d¢au do siéu am PA thuong tir 2 — 10 MHz [6].

Diu do

Phat Rhoi Kung
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<
a) Nguyén Iy hogt déng b) Dit ligu thu thap

Hinh 1.2: Nguyén ly va dir li¢u thu thap ctia phuong phap siéu am PA



Siéu &m PA dugc sir dung dé kiém tra va phat hién vét nat cua cac méi han ¢
mot s6 nganh cong nghiép nhu hang khong, ning lwong, dau khi, ché tao éng, cong
trinh xay dung va bao dudng duong dng. Ngoai ra con duogc sir dung hiéu qua trong
viéc x4c dinh chiéu day trong cac tng dung kiém tra dn mon.

- Uu diém:

+ Trong phuong phap siéu am PA nho diéu khién duoc chum tia, théng
thuong c6 dang quét hinh quat, nén c6 thé duoc str dung dé kiém tra chi tiét voi céc
goc khac nhau;

+ Viéc kiém tra céc chi tiét c6 hinh dang phuc tap s& don gian hon;

+ Kich thuéc dau do nho va kha ning chum tia quét ma khong can dich
chuyén dau do gitp cho viéc kiém tra cac chi tiét trong tinh trang kho tiép can va
khong c6 khoang khong dé di chuyén dau do dé dang.

- Han ché:

+ Cac hé théng PA doi hoi chi phi dau tu thiét bi cao;

+ Nguoi van hanh phai qua dao tao chuy&n mon.

1.1.3 Phwong phap 3D Scanner

Nguyén ly hoat dong cua 3D Scanner duya trén co s& s6 héa bé mat quét. Vi
vay, khi sir dung 3D Scanner cho qua trinh danh gia mac d6 an mon bé mat ngoai
duoc xem 12 su thay thé dang tin cay cho cac may do chiéu day. 3D Scanner cung

cap ban do sé hoa chi bao do day chi tiét, chinh xac cho phép danh gia mic d6 an

mon bé mat vat do kiém tra [7].

Laser source .
External Corrosion Assessment Only

Q“ Camera
Gt

Projection
lens

)‘—)
Baseline

a) Nguyén ly hoat dong b) Dir liéu thu thép

Hinh 1.3: Nguyén ly hoat dong va dir liéu thu thap caa 3D Scanner [7]



- Uu diém:
+ Kha ning di chuyén linh dong;
+ Hé thdng phan mém va thiét bj kha than thién, dé sir dung;
+ May va vat do khong can ga dit cd dinh;
+ Cung cap thong tin khé chinh xac vé dir liéu mon ngoai cua bé mat.
- Han ché:
+ Bé mit do kiém can duogc 1am sach, vi du nhu phun cat, dé mang lai két qua
do kiém chinh xac hon;
+ Chi phi dau tu thiét bi cao, ky thuat vién phai c6 trinh ¢ phi hop;
+ Chi xac dinh duoc hinh anh, d6 mon bén ngoai bon chua (so véi mat chuan
ngoai cua bé mit ngoai);
+ Viéc danh gia ¢6 mon bén trong bon khong thé thuc hién.
1.1.4 Xay dung ban d6 mon sir dung cong nghé PA
Ban d6 mon (ban dd dn mon) 13 mot anh s hoa bé mat caa vat thé do cung
cap cac thong tin vé vi tri (toa do), chiéu day vat liéu qua mau sic. Ban d¢6 mon c6
thé duoc chia ra nhu sau:
- Ban dd mon cuc bod: 1a ban dd mon caa mot khu vue xac dinh (ving). Pay 1a
noi nghi Ngo xay ra hién tuong an mon.
- Ban d6 mon tong thé: 1 ban d6 mon cua toan bo vat do cho phép xéac dinh,

danh gia mot cach chi tiét va chinh xac d6 mon & bat ky vi tri nao cua vt do.

Hinh 1.4: Ban &6 mon dién hinh sir dung k¥ thuat siéu am PA [7]

Viéc xay dung ban do mon 1a stir dung céc dit liéu siéu 4m dé hinh thanh nén



cac anh db hoa mau vé hinh dang bé ngoai cua vat liéu vat thé do [7]. Dé xay dung
ban dd mon ngudi ta str dung céc thiét bi nhu: siéu am siéu 4m 2D, siéu 4m PA, 3D

Scanner dé quét thu thap di liéu xay dung ban ¢6 mon.

1(2]3(4]5
A
B
C PA1 PA3
D - 2
E 3D1
F e PA4
G
H
Pressure tank UT scan map PA scan map 3D scan map
Hinh 1.5: Céc loai ban ¢6 mon cua phuong phap UT 2D, PA, 3D Scanner [7]

- Uu diém:
+ Siéu am 2D chi xac dinh dugc d6 day cua vat do tai mot vung (khu vuc) xac
dinh.
+ Siéu am PA c6 thé tao ra mot ban &6 mon tong thé cung cap céac thoéng tin
vé toa do, d6 day & bat ky vi tri nao.
+ Phuong phap 3D Scanner cho két qua mot ban d6 mon bé mat bén ngoai
cua vat do.
- Nhuoc diém:
+ Phuong phép siéu am 2D khong phu hop dé xay dyung ban do6 mon.
+ Xay dung ban d6 mon sir dung phuong phép siéu am PA doi hoi thiét bj
phuc tap, chi phi dau tu rat cao.
+ Phuong phap 3D Scanner hinh thanh duoc ban d6 dn mon nhung chi cho
phép xac dinh mirc d6 n mon cua bé nit vat do.
Ban d6 dan mon xay dung trén ky thuat siéu am PA 14 cach biéu do hoa do day
con lai caa vat lidu kim loai dugc md ta bang mau sac va dir liéu duoc luu trit trén
may tinh. Phuong phap nay duoc sir dung rong rai dé do do mon trong linh vuc dau

khi nhu bon chira, duong dng, vo tau thay,...[3].



a) Xay dung ban dé mon tryec tiép trén thiét bi siéu am PA

Céch thtic xay dung ban do mon nay phu thudc rat 16n vao thiét bi siéu am PA
st dung. Phan mém kém theo thiét bi siéu am cta mot sé may siéu am hién dai co
ché a6 cong don (ghép anh) [7, 8] cho phép ghép cac hinh anh ké tiép nhau dé tao
thanh ban @5 mon. Céach thuc nay thuong duoc sir dung dé xay dung ban d6 mon
cuc bo giup do kiém nhitng khu virc nghi ngd ¢6 xay ra hién tuong mon [3].

Mau thi nghiém

Ban db mon duoc hinh thanh trén thiét b

Hinh 1.6: Ban d6 mon duoc xay dung truc tiép trén OmniScan MX2 [3]

b) Xay ding bdn dé mon gian tiép véi phan mém TomoView

TomoView la phan mém duoc tich hop trong hé thdng siéu am PA OmniScan
MX2 c6 chirc ning tao 1ap ban do mon gian tiép trén PC. Khi thyc hién quét vat do
st dung phuong &n quét 1 hoic 2 truc (Clicker, 2 encoder) dé thu nhan anh mon
dang C-Scan [9, 10], di liéu hinh anh mon C-Scan thu thap sé dugc luu trir trong
mot thu muc xac dinh va dugc ma hoa (dat tén) tu dong theo thoi gian quét. Sau khi
ddng bo voi PC, TomoView cho phép ghép cac hinh anh ké tiép nhau dé tao thanh
ban ¢6 mon. Ban d6 mon 1a anh d6 hoa mau hién thi viing 3n mon bang cac mau sic
khac nhau gitp xac dinh mtc d6 dn mon vat liéu. C6 thé sir dung con tro chudt dé

x&c dinh vi tri (toa do), kich thudc, chiéu day vat liéu con lai caa vi tri c6 mon.
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Hinh 1.7: Ban d6 mon duoc xay dung trén phan mém TomoView [9]

1.2 Thuc trang do kiém mon bén chira & Vigt Nam

Dang an mon kim loai thuong gap phai trén bon chuaa trong qué trinh st dung
chu yéu 1a do cac diéu kién vat Iy, hda hoc gy ra hinh thanh cac khuyét tat trén
than bdn nhu dn mon déu, an mon khong déu, dn mon diém, an mon khi quyén, ...

Viéc kiém tra danh gia chét luong bdn chtra hién nay chu yéu str dung k§ thuat
siéu am tha cong nén gap nhiéu kho khan. Vi kich thude bon chira 16n nén can phai
xay dung hé thdng gian gido phu tro ciing nhu sir dung day cap treo khi thuc hién
kiém tra,... tiém an nhiéu nguy co vé an toan lao dong va doi hoi mat nhiéu thoi

gian dé dung gian giao.

a) Kiém tra chdt luwong bon thi cong ¢ b) Ky thugt vién kiém tra chdt lwong

Viét Nam bon véi thiét bj thi cong
Hinh 1.8: Kiém tra bdn chtra bang phuong phap tha cong [2]

Hién nay, cac ky thuat vién trong nudc thiéu va it duoc cap nhat cac cong
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nghé k¥ thuat méi vé siéu &m nhu siéu am PA,... Va dé dao tao duoc cac k§ thuat
vién lanh nghé nhu thé doi hoi ki thuat vién phai c¢d trinh d6 chuyén mén va kha
nang ngoai Ngir cao. Bén canh d6 con phai ¢ ngudn kinh phi rat Ién cho cong tac
dao tao cling nhu dau tu thiét bi siéu &m PA rat dit tién. Do méi trudng 1am viéc co
diéu kién khic nghiét va niang nhoc, quy trinh kiém tra khic khe, &p luc cong viéc
I6n Vi thoi gian ding van hanh bon chira s& anh huong dén ké hoach kinh doanh.
Do d6, cong viéc ndy it hap dan cac ki thuat vién tham gia nén sb lwong k§y thuat
vién thuc hién cong viéc kiém tra danh gia truc tiép tai hién truong rat it.

Mot giai phap dé giai quyét viéc thiéu ki thuat vién 1a cac cong ty thuc hién
cong viéc phan tich danh gia hinh anh siéu am tai phong thi nghiém cua coéng ty. Do
vay, cho phép st dung cdng nhan hozc ki thuat vién cap thap dé thu thap dit liéu
siéu am (hinh anh) khi kiém tra d4nh gia mon. Nghia 13, cac k§ thuat vién nay sé
thuc hién viéc quét dix liéu mon trén than bdn chua, luu trir trong thiét bi nhé va
chuyén vé phong thi nghiém dé xem xét danh gia. Do c6ng viéc danh gia dugc hién
sau nén phu thudc rat 16n vao chat luong anh dau vao. Khi phat hién céc sai sot vi
du nhu anh khéng dat do phan giai, khéng ké lién nhau,... thi rat khé khin trong
viéc t6 chuc siéu am lai.

Trong quéa trinh kiém tra mon bon chia hién nay, cac cong ty tai Viét Nam
chua quan tdm dén viéc xay dung phuong an do vi: (1) phu thudc vao gian giao; (2)
viéc do dugc thuc hién maot cach thu cong dua trén sy linh hoat cta doi tay ky thuat
vién nén viéc di chuyén ¢ cac goc vudng (90°) khong gap kho khan. Tir cac ly do
trén nén viéc ty dong hoa qua trinh do 1a khong kha thi. Va trong thuc té, cac cong
ty khong danh gia mon hét toan bo bdn ma tién hanh xac dinh cac khu vuc mon
bang phuong phap cam quan va chi tién hanh do kiém danh gia 6 mon ¢ khu vuc
d6. Cu thé 13, khi xac dinh viing c6 nguy co bi an mon ky thuat vién bit dau dyng
gian gi4o va sir dung dau do siéu am 2D di chuyén theo phuwong thang dtng hoic
phuong ngang trong khu vuc nghi ngd ¢6 mon. Qua trinh nay s& mét nhiéu thoi gian
va dac biét dir liéu hinh anh thu thap c6 d6 chinh xac khéng cao (phu thudc 16n vao

tay nghé cua ky thuat vién va diéu kién thoi tiét cuia méi truong) gay anh huong
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nghiém trong dén két qua do. Ngoai ra, phuong thirc chi kiém tra mon céc khu vuc
nghi ngo c6 mon s& khong du dir lidu dé xay dyng dugc ban do mon bon chua.
1.3 Tinh hinh nghién ciéru trong va ngoai nuwéc

1.3.1 Céc nghién ciru nwéc ngoai

Robot Scorpion B-Scan di chuyén trén bé mat bon chira xing dau dé kiém tra
khuyét tat han va xac dinh mac d6 an mon cua bon chira. B6n banh xe dugc truyén
dong boi 4 dong co doc 1ap 12 VDC. Robot c6 chiéu dai 1a 385 mm, chiéu rong 222
mm, chiéu cao 102 mm, nang 4,74 kg va lyc hit nam cham vinh ctu khoang 13,6
kg. Robot c6 thé di chuyén theo phuong thang dung hoic theo phuong ngang véi
van téc 25 mm/s [11]. Robot mang dau do siéu am dé thu thap dir liéu duéi dang A-
Scan va B-Scan. Robot dugc van hanh boi ky thuat vién thong qua thiét bi diéu
khién. Phan mém B-Scan Scorpion duoc thiét lap dé xac dinh vi tri va loai khuyét
tat, dang di liéu B-Scan gilp xac dinh cac khiém khuyét trong thoi gian ngan nht,
cho phép phan tich nhanh qué trinh quét va danh gia chinh xac d6 an mon. Khuyét
diém 1a di chuyén dudi sy diéu khién truc tiép cua con ngudi, chua c6 phuong an di

chuyén cu thé trén bon chira.

INSPECTION REPORT

Customised inspection report function

a) Robot Scorpion B-Scan [11] b) Phan mém ldp bén dé mon cia B-
Scan Scorpion [11]
Hinh 1.19: Hé théng do kiém cua robot Scorpion [11]

Robot RMS2 (Rinaldi Mechatronic Systems) Ia thiét bi kiém tra d6 dn mon
ctia bon str dung phuong phap kiém tra siéu &m PA. Ding chirc ning hién thi C-
Scan dé xac dinh chiéu day va danh gid ¢6 dn mon cta bon chaa, duong dng c6

duong kinh 16n [12]. Hé théng diéu khién chuyén dong va dau ra bo ma hoa X/Y
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duoc cung cap diéu khién trén phan mém caa may tinh, robot di chuyén tir duéi Ién
theo phuong thang dtng két hop quét ngang cua dau do, chiéu cao quét Ién toi 50
m. Cho phép thu thap di liéu dang A-Scan, B-Scan, C-Scan va c6 thé 1ap ban db

mon.

a) Robot RMS2 b) Bdn do mon
Hinh 1.10: Kiém tra danh gia 6 mon bdn chtra bang robot RMS2 [12]

Bai bao “Path planning & measurement registration for robotic structural

asset monitoring” cua S. G. Pierce, C. N. Macleod, G. Dobie, R. Summan (2014)
[13] d3 trinh bay mot cach tiép can tng dung CAD/CAM dé 1ap ra mot phuong an
do va hinh anh dit liéu thu thap dugc luu lai trén mé hinh CAD. Robot mang dau do
siéu am sé& di chuyén theo quy dao duong thang hoic duong tron trén mot tim
phing va c6 kha ning tranh duoc cac chuéng ngai vat trén bé mat dé quét thu thap
dir liéu. Bai bao dé cap vé cach thic xay dung mot phuong an do phu hop twong
g véi mot hinh dang vat do cu thé. Cac khuyét tat, d6 mon duoc hién dudi dang
mét ban dd mon don gian chi chi ra vi tri mon, d6 day con lai tai vi tri ndy. Cac
thong tin nay o dang diém, khéng phai 13 mot hinh anh lién tuc. Cach tiép can cua
bai bao duoc thuc hién trén mot mé hinh thi nghiém va chua tim dwoc thdng tin vé

ng dung trong thuc té.
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a) Phwong dn do dwoc xéac dinh quamd  Hinh 2.31: Quj dao di chuyén cua robot
hinh CAD [13] va v; tri cac khuyét tat [13]
Hinh 1.11: Phuong 4n do va quy dao di chuyén qua mo hinh CAD [13]

Vé xay dung ban d¢6 mon thi khi quét thii cong nguoi ta thuong st dung phan
mém duoc cung cap kém theo thiét bi, chang han nhu TomoView™, hoat dong trén
nén tang PC [14]. Pay Ia mot phan mém duoc cong ty Olympus phat trién va duoc
st dung trong cac thiét bi siéu &m cua cong ty, vi du nhu hé thdng siéu &m PA
OmniScan MX2. Tomoview cho phép thu nhan hinh anh dang C-Scan, ghép anh,
hién thi hinh anh mau theo thoi gian thuc cua tin hiéu, phan tich dix liéu mét cach

hi¢u qua.

B | Aot b b g P G | S p—

Hinh 1.12: Két qua xt ly anh khi tng dung TomoView trong thuc té [14]

Tir ban d6 mon c6 duoc ¢6 thé s dung con tro chudt dé do kich thudée, vi tri
khuyét tat, phong to, thu nho va luu trix dit liéu cling nhu thuc hién cac béo céo siéu
am PA [14].

Luan an tién si “Robotic Pipe Inspection: System Design, Locomotion and
Control” cua William Alexander Blyth (2017) [15] da gi6i thiéu phuong an do kiém
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d6 mon bang siéu 4m PA. Mapman Scanner mang dau do siéu 4m PA dwoc sir dung
dé kiém tra dng co duong kinh 24 inch, chiéu day 9 mm dat nghiéng tir 0 — 90° so
v6i phuong thang dirng. Robot di chuyén tron quanh ong va tir trén xuéng. Khoang
cach gitta cac dudng quét 13 50 mm twong @ng Vvéi kich thudc cua dau do PA
HydroFrom (dau do c6 64 bién tir) sir dung thiét bi OmniScan (TomoView) cua
hang Olumpus, phuong an quét xoay quanh truc duang, hinh anh dang C-Scan thu
duoc va 1ap ban ¢6 mon bang cach sir dung ché do quét Raster sin c6 trén thiét bi
PA. Hién nay phan mém van la san pham thuong mai, duoc cung cap doc quyeén tir
nha san xuat vai kha niang ghép anh tao ra ban do6 mon di kém vdi thiét bi do siéu
am PA ciing cua nha san xuat. Cach thic ghép anh 1a ghép cong don vt Iy cac anh
thu thap dugc theo trinh tu thoi gian, khdng xem xét nhan dién bién anh nén khi co
sai sOt phai thuc hién quét lai tai khu vuc phét hién sai sot.

' i g s

Start/End Point

Sprung Probe

-
Mount sLy 50mm

= PAProbel, S
\ Index % Simulated Raster Scan Path
Direction
&m

a) Mapman Scanner mang dau do sieu  b) Phuong dn do quét Raster kiém tra d¢
am PA va khuyét tgt [15] mon cho éng 24 inch [15]
Hinh 1.13: Kiém tra mon caa Mapman Scanner.
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Hinh 1.14: Hinh anh ban d6 mon thu duoc cua Mapman [15]

16



Bai bdo “Development of an Automated Mobile Robot Vehicle Inspection
System for NDT of Large Steel Plates ”(2017) [16], cia M. Rakocevic, X. Wang, S.
Chen, A. Khalid, T. Sattar and B. Bridge da gidi thiéu mot robot di dong sir dung
nam chdm vinh ciru bdm vao bé mat vat do. Robot mang 16 dau do siéu am 2D
phuc vu kiém tra khuyét tat bén trong tam thép phang Ié6n. Robot c6 thé di chuyén
linh hoat theo phuong ngang, phuong doc trén mat phang ngang nhu san tau, san
bon chira xing dau,... Hé thdng sir dung mot phan mém dé thu thap di liéu cho
phép ghi nhan vi tri cua robot khi di chuyén trén bé mat tim kim loai, qua d6 phan
tich va hinh thanh mot ban db vé cac khuyét tat phét hién dugc. Thar nghiém kiém
tra dugc tién hanh trén tim thép phing co6 do day 50 mm va c6 khuyét tat bén trong
dugc tao trudc cho thdy dd ghi nhan dugc vj tri khuyét tat. Tuy nhién, phan mém
nay chua thé hién dugc kich thudc, chiéu su cua khuyét tat tai vi tri twong tng cho
nén chi duoc st dung dé phat hién khuyét tat & mot vi tri da duoc xac dinh trude va

viéc danh gia khuyét tat s& sir dung phuong phap kiém tra khéc.

top edge first scan =
top edge second sc: £004376.292)
‘ 004376.292)
T — — | — *ﬁ
left edge first scan _| +H— last body scan line [ ———
left edge second sca./nf4 )
first body scan line
second body scan line|.

right edge second scan

+— right edge first scan

s ) i o = 1
. —d
| |
start end

a) Phwong dn do kiém cuia Mobile Robot  b) Phdan mém diéu khién va phuwong dn
vehicle [16] quét [16]
Hinh 1.15: Hé thong do kiém ciia Mobile Robot vehicle [16]

1.3.2 Céc nghién ciru trong nuwéc
Robot leo tuong cua sinh vién dai hoc Bach Khoa Pa Niang dung hai dong co
diéu khién cac banh xich & hai bén. Robot duoc thiét ké nho gon va dung co ciu ht

chan khdng gilp robot dé dang bam dinh trén truong.
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Hinh 1.16: Robot leo twdng cia sinh vién dai hoc Bach Khoa Pa Nang
Hoc vién K§ thuat Quan Sy da nghién ciru ché tao thanh cong robot leo bam
trong véi muc dich 1am sach nha cao tang, kiém tra vét nut ¢ céc cong trinh xay
dung, do thdm trong quén su. Robot nay chi dung lai ¢ viéc nghién cau trong hoc

tap, chwa (ng dung dugc trong thuc té.

Hinh 1.17: Robot leo bam tuong cua hoc vién Ky Thuat Quan Su

Luan van thac si caa Trinh Van Thuyét truong DH SPKT Tp. Ho Chi Minh
(2013) [17] d3 tién hanh nghién ctu xay dung quy trinh kiém tra mbi han giap méi
6ng sir dung siéu &m PA tai Viét Nam. Két qua nghién ctru da budc dau dé xuat va
dua vao tng dung mét quy trinh kiém tra méi han dng giap méi dng bing ky thuat
PA & cac linh vuc ché tao co khi, dau khi, xay dung, dong tau, ... tai Viét Nam.

Luan van thac si cua Lé Duy Tuan truong DH SPKT Tp. H6 Chi Minh (2013)
[18] d& dé xuat thiét ké, ché tao mot thiét bi phét hién khuyét tat va dn mon duong
bng nho (< 1 inch) sir dung k¥ thuat siéu am PA.

Luan vin thac si ciia Truong Dinh Si truong PH SPKT Tp. H6 Chi Minh
(2014) [19] d nghién ctru phat trién thiét bi ty hanh mang thiét bi kiém tra va danh
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gia chét luong duong dng ngam st dung k§ thuat siéu am.

Luan van thac si cia Nguyén Vin Trang truong DH SPKT Tp. H6 Chi Minh
(2013) [20] da nghién cau, thiét ké va ché tao thir nghiém thiét bi ty hanh kiém tra
danh gia chat luong dng nho bang siéu am PA.

Viéc theo dbi va dénh gia an mon nham dua ra ké hoach sta chira, bao dudng
thich hop cho phép tang tudi tho cia trang thiét bi, duong 6ng, giam thiéu rai ro va
tang hiéu qua kinh té. Trong 0, 1ap ban d6 dn mon cho mot phan hoic toan bo thiét
bi, dudng dng dé theo ddi va danh gid qué trinh dn mon kim loai theo thoi gian,
nham t6i wu hoa trong quan Iy bao tri, bao dudng thiét bi 1a mot nghién cau tng
dung cua Nguyén Thi L& Hién va cdng su (2016) [3] tai Vién Dau khi Viét Nam.
Nghién ctru da sir dung thiét bi sifu am PA MX2 véi nhiéu bién tar, hoi tu va quét
chum tia bang dau do HydroFROM cuia hing Olympus. Panh gia thyc té mtc d6 an
mon cua duong ong thép cacbon co6 duong kinh @508 mm, dai 12 cm, day 10,5
mm, nhiét do bé mit 26°C. Cong bd khong dé cap dén phuong an quét, thuc hién
ghép anh tha cong trén PC véi sy hd tro cia phan mém TomoView [14], cha yéu 1a
khai thac va danh gia cac tinh ning cua thiét bi do Olympus cung cap tng dung

trong linh vuc dudng dng dau khi.
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a) May siéu am OmniScan MX2 b) Bé quét va dau dd HydroForm
Hinh 1.18: Thiét bi siéu am va bo quét cua hang Olympus [3]
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Hinh 1.19: Ban d6 an mon ctia duong 6ng dau khi thir nghiém [3]

Bai bao “Hoach dinh quy dao cho robot di dong dung thudt todan PSO” cta
tdc gia Ngo Van Thuyén va Lam Vian Vi, truong Pai hoc SPKT TPHCM (2013)
[21]. Bai b4o nay trinh bay mot phuong phap dé diéu khién robot di chuyén tir vi tri
ban dau dén dung muc tiéu dit ra. Truoc hét mot ban db da duoc xay dung dé dién
ta khéng gian 1am viéc cua robot di dong. Sau d6 thuat toan D* duoc sir dung dé
tim céc toa dd ngan nhat tir diém dau dén diém két thic va tng dung thuét toan PSO
dé tim van téc goc va van téc dai téi wu cho robot dé robot c6 thé di chuyén theo
duong dan cho trudc. Va cudi cung, phuong phap truong thé niang da duogc sir dung
dé tranh vat can trén duong di. Két qua mé phong trén phan mém Player/Stage da
cho thay tinh hiéu qua cua thuat toan trong viéc diéu khién robot ty hanh di chuyén
dén muc tidu. Céc két qua dat duoc mai chi dugc danh gia vé phwong dién ly

thuyét.

Hinh 1.20: Buong di cua robot st dung thuat toan PSO [21]
Bai bao “Hé tim kiém da robot trong viing bi tham hoa si dung thudt toan
t6i wu bay dan” cua tac gia Pham Duy Hung, Pham Minh Trién va Tran Quang
Vinh (2011) [22] gi6i thiéu cach giai quyét bai toan tim muc tiéu ti wu cho mot hé

gom nhiéu robot di dong hoat dong tu quan tri sir dung thuat todn téi wu bay dan
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PSO. Co sd ly thuyét va md phong bai toan gia dinh hé da robot tim kiém trong mét
khu vuc c6 ndng do nhiém xa cao (gia 1ap ving bi tham hoa hat nhan) di duoc thuc
hién. Hé théng nay co téc do hoi tu nhanh, ty 1é tring muc tiéu cao va véi gia dinh
mat do phong xa phan bd déu giam dan theo binh phuong khoang cach so vai vi tri
tam thi ty I¢ nay luén dat 100%.

1.4 Céc ton tai, dinh hwéng va ndi dung nghién ciru

1.4.1 C4c ton tai

Hién nay, viéc danh gia d6 mon caa bdn chira phu thudc rat nhiéu vao céc yéu
t6 nhu trang thiét bi, trinh d6 k¥ thuat vién, phuong an do kiém, phan mém xay
dung ban ¢ mon va nhing diéu kién dic biét khac. Cac ton tai co thé ké dén nhu:

- Thiét bi: viéc kiém tra danh gia 6 mon hién nay chii yéu sir dung phuong
phap siéu am thong thuong hoac siéu &m PA;

- Robot: di duoc sir dung vao qua trinh Kiém tra siéu am, nhung chi yéu la
dé kiém tra khuyét tat han, d6 mon cho dudng éng. Robot do do mon bon chira chu
yéu van la kiém tra danh gia 6 mon & mot khu vue xac dinh, khéng quan tam nhiéu
dén phuong an do kiém, ghép anh giéan tiép va c6 gia thanh rat dat do céng nghé ban
quyen;

- Ky thuat vién: phai duogc dao tao tir cac chuyén gia nudc ngoai;

- Phuong an do kiém: chua thdy dé cap dén phuong an do cu thé cho ting
loai robot.

- Quang duong di chuyén ngin nhat: c6 nhiéu bai bao dé cap vé van dé nay
nhung chi dung lai ¢ viéc nghién ctu ly thuyét. Mot sé nghién ctu da tng dung
thuat toan PSO, GA [23, 24, 25, 26] dé xac dinh phuong an di chuyén téi uvu dé tim
duoc quang duong di chuyén ngan nhat hoic tranh vat can nhung chu yéu 1a mo
phong, thuc nghiém so sanh trén mé hinh thyc té chwa nhiéu. Va dé danh gia mirc
d6 an mon bon chira ¢ Viét Nam hién nay van chua thiy cong bé ndo &o dung
phuong an do kiém ¢ quang dudng di chuyén ngin nhat, cha yéu van 1a st dung
phuong phap th cdng di chuyén dau do bang tay dé thu thap hinh anh mon;

- Ban d6 mon: chu yéu 1a ghép anh truc tiép trén hé théng thiét bj siéu am
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hodc ghép anh gién tiép trén PC sir dung phan mém doc quyén [11, 12,]. Do vay chi
phi dau tu lac ban dau rat cao, chi chuyén giao cong nghé thong qua céac goi dich
vu. Chua tim thay cac cdng bé vé xir Iy anh noi chung, ghép anh dé xay dung ban
d6 mon duong dng dan, bon chira.

Qua trinh kiém tra siéu &m tai nuéc ngoai ¢ nhidu budc phét trién voi viéc
rng dung robot vao qué trinh kiém tra siéu &m do do mon bon chira xang dau ngay
cang rong rai. Nhung mdi robot lai hoat dong khdng giéng nhau do c6 muc dich rat
khéc nhau va chua luu ¥ nhidu dén phuong an do kiém dé giam thiéu téi da thoi
gian do kiém, tang do tin cay cling nhu chit luong anh thu thap dugc. Bén canh do,
do robot chi hoat dong trong mot pham vi nho nghi ngo ¢é mon chi thuc hién lap
ban d6 mon cuc bd véi mét pham vi nhat dinh cho nén viéc lap duoc ban d6 dn mon
tong thé chua dwoc quan tam nhiéu.

1.4.2 Pinh hwéng va nyi dung nghién cieu

1.4.2.1 Pinh hwéng nghién ciu

Hién nay, phuong phap siéu &m PA da va dang duoc ung dung manh me tai
Viét Nam. Do thiét bi dat tién, nhan vién kiém tra can duoc dao tao nghiém ngit va
quan trong hon hét 1a cac quy trinh do, phuong an do kiém ciing nhu kinh nghiém
giai ma hinh anh, 1ap ban ¢ mon doi hoi phai duoc chuyén giao cong nghé hoic
mua ban quyén. Do viy, trudc tinh hinh do kiém danh gia do mon bing phuong
phép thi cong nhu hién nay cé nang suat va do chinh xac thap, tiéu tén nhiéu thoi
gian va nhiéu nguy co tiém an vé an toan lao dong cho ngudi kiém tra can trién khai
cdng viéc do bang cong nghé ki thuat tién tién, do tin cay, nang suit cao, an toan.
Dic biét 1a trong thoi gian gan ddy, nén kinh t& Viét Nam phét trién manh mé da
dan dén su bing nod cac dy an kho - cang chta xang dau hay néi khac di s lwong
bon chira xing dau c6 dung tich Ion ting manh doi hoi kiém tra danh gia bao tri,
bao dudng dinh ky sau khi ché tao ciing nhu sau mét thoi gian sir dung. Tir cac
nhan xét trén, dinh huéng nghién ciu trong luan &n dugc dé xuat nhu sau:

- Nghién ctru bon chira xing dau va cac khuyét tit mon thuong xuat hién trén

bon chaa xing dau dung tich 16n; Nghién ciu cac phuong phap do kiém do mon,
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dic biét la kiém tra 6 mon bang phuong phap siéu am PA;

- Nghién ctru phuong thirc phan manh bon chira sir dung thiét bi do khoang
cach laser va thiét bi can bang do vudng goc (level laser) cac dién tich quét trén bon
chtra, dinh vi robot va dau do siéu 4m PA bing camera quan sat, bai toan robot
tranh céc vat can toan cuc (vat can 1a cac 6ng cho cac mat bich) dé di dén cac diém
bat dau thuc hién cac dudng quét tiép theo.

- Nghién cau thiét ké robot ¢ thé mang dau do siéu am PA phuc vu kiém tra
mon bdn chua;

- Nghién ctru quy trinh do kiém tra bang phuong phép siéu 4m PA trén bon
chtra xang dau st dung robot mang dau do PA.

- Nghién ctru mé hinh toan gitp xac dinh quang duong di chuyén ngan nhat
trén co s& thuat toan t6i uu bay dan PSO dé dé xuét giai phap do kiém (phuong an
do) danh gia d6 an mon cua mot dién tich quét cu thé da dugc phan manh bon chua
xang dau;

- Nghién ctu cach thic thu thap dir liéu tir phuong phap siéu 4m PA dé c6
thé ghép ndi céc dir liéu tao thanh ban d6 mon;

- Nghién cau, xay dung thuat toan ghép anh, lap ban d5 mon tir dir liéu C-
Scan thu thap bang phuong phap siéu &m PA.

- Thyc nghiém tng dung robot mang dau do siéu &m dé kiém tra ¢6 mon trén
mo hinh bon chira trén co sd cac két qua ly thuyét; Boi chiéu véi ki thuat kiém tra
truyén thong nham xac dinh d6 chinh xac va dé tin cay caa phép do duoc dé xuat.
1.4.2.2 N§i dung nghién ciru

Céc nodi dung sau day s€ duogc tap trung nghién cau:

e Ni dung 1: Nghién cizu téng quan vé bon chita xdng dau dung tich lén va

ky thudt do do mon.

- Ky thuat do d6 mon;

— Cac cong trinh nghién ctru trong va ngoai nudc co lién quan
~ Thuyc trang do kiém tra 6 mon tai Viét Nam

— Phuong phap nghién ciru: thu thap thdng tin, Iy thuyét, thuc nghiém,...
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e Ni dung 2: Nghién citu quy trinh do kiém bon chira sir dung robot mang
dau do siéu am PA
— Nghién ctu dé xuat két cau va yéu cau ky thuat caa robot;
~ Pé xuat phuong an thiét ké va ché tao thar nghiém robot mang dau do
siéu am PA,
~ Kiém nghiém d9 tin cay cua robot
~ Pé xuit quy trinh do kiém tra mon bon chta tng dung ky thuat siéu am
(PAUT) str dung robot mang dau do siéu am PA.
e Noi dung 3: Nghién c:zu md hinh toan tim qudng dwong di chuyén ngan nhat
~ Nghién ctru, phan tich cac phuong an di chuyén phd hop véi diéu kién
ctia robot di duoc ché tao.
~ Xay dyng mo hinh bai toan tim thoi gian ngan nhat cho mét chu ky quét
thu thap hinh anh mon.
- Ung dung thuat toan PSO dé xac dinh quang duong di chuyén cho mot
chu ky quét 1a ngan nhat (thoi gian ngan nhat) trong phan mém Matlab.
— Phan tich, d& xuit phwong an do kiém pha hop.
e Ni dung 4: Nghién citu xay ding thudt toan ghép anh, ldp ban dé mon
~ Nghién ctu, xay dung thuat toan ghép anh, lap ban d6 mon tir di liéu C-
Scan thu thap duoc bang phuong phap siéu am PA
~ Nghién ciu xay dung thuat toan ghép anh, 1ap ban d6 mon. Phét trién
phan mém xay dung ban d6 mon ung dung phan mém Matlab.
« Noi dung 5: Thyc nghiém do mon va xdy dung ban do mon
— Thiét ké va ché tao md hinh mot phan bdn chua;
— Thuc nghiém do kiém mon trén mé hinh bén chua.
~ Ghép anh tao Iap ban d¢6 mon bang phan mém Matlab véi di liéu hinh

anh da thu thap trén mé hinh bdn chua.
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1.5 Muc tiéu, pham vi va d6i twong nghién cieu

1.5.1 Muc tiéu nghién ciru

1.5.1.1 Muc tiéu chung

Nghién cau, dé xuét giai phap xay dung ban do6 mon bon chira xang dau dung
tich 16n sir dung robot mang dau do siéu am PA.

1.5.1.2 Muc tiéu cu thé

- Nghién ctu dé xuat cac thdng sé ky thuat caa robot mang dau do siéu am
PA ung dung ky thuat siéu am t6 hop pha (PAUT) cho kiém tra danh gia ¢6 mon
bon chira xing dau.

- Nghién ctu xac dinh cac phuong an di chuyén cua robot sao cho quang
duong di chuyén cua robot 1a ngan nhat dé c6 duoc thoi gian thu thap hinh anh mon
cho mét dién tich quét cu thé 1a nho nhat.

- Nghién cau phuong an di chuyén phi hop cta robot khi thu thap anh mon
sao cho quang duong di chuyén 1a ngin nhat c6 thé, dé dang xac dinh cac anh mon
ké lién nhau gitp viéc ghép anh hinh thanh ban ¢6 mon duoc dé dang. Qua d6 xac
dinh giai thuat, phat trién phan mém xay dung ban ¢4 mon ciing nhu cho phép danh
gia d6 mon caa bon chira cuing vai cac thong s6 cu thé.

1.5.2 Pham vi nghién ciru

- BOn chtra xdng dau try dung c6 duong kinh khéng qua 30 m, chiéu cao
khong qua 18 m, dung tich 16n tir 10.000 m? tré 1én, vat liéu ché tao bdn 1a thép.

- Robot mang thiét bi siéu am kiém tra ¢ mon cuaa bon tu ché tao.

- Phuong an do kiém, danh gia 6 mon chi 4p dung cho phan than cua bon
(phan mai va day bon khéng nam trong pham vi nghién ciu caa luan an).

- Chuong trinh (phan mém) ghép anh dé hinh thanh ban ¢6 mon thuc hién
trén phan mém Matlab tir dit liéu anh mon thu dwoc khi kiém tra siéu &m bon chua.

1.5.3 Péi twong nghién ciu

Véi cac muc tiéu trén, cac ddi twong nghién cau cua dé tai co thé dugc xac
dinh bao gom:

- Bon chta xing dau;
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- Khuyét tat mon trén than bon chira xang dau dung tich 16n;

- Anh mon, ban d6 mon;

- Robot mang dau do siéu &m PA, thiét bi siéu &m PA.
1.6 Phwong phap nghién ciru

1.6.1 Phwong phap thu thap thong tin

Thu thap tai liéu tir cac bai bao khoa hoc, tap chi, cac sach gido trinh, tai liéu
chuyn nganh va ngudn tir internet trong, ngoai nudc c6 lién quan dén noi dung
nghién cau, tir d6 tim hiéu va phan tich.

Khao sat, tim hiéu cac trang thiét bi, dung cu, co so vat chat sin co dé thuc
hién thi nghiém kiém ching.

1.6.2 Phwong phap nghién citu Iy thuyét

Nghién ctu ly thuyét bao gom:

— Nghién ciru cac loai bon chira;

— Nghién cru cac khuyét tat mon thuong gap trén bon chira;

~ Nghién ctru cac dang robot c6 thé di chuyén trén bé mat kim loai:

~ Nghién cru bai toan téi vu xac dinh quang duong di chuyén cua robot;

— Nghién ctu thuat toan tdi wu hoa bay dan PSO dé xac dinh phuong an do
kiém:

~ Nghién ctru cac phuong phap kiém tra, danh gia ¢6 mon tng dung kiém tra
cho bdn chua xiang dau dung tich 16n dac biét 1a phwong phép siéu am;

~ Nghién ciru thdng s6 k¥ thuat va tinh ning ctia may siéu am OmniScan;

~ Nghién ctu thuat toan ghép anh tao lap ban dd mon trén phan mém Matlab.

1.6.3 Phwong phap nghién ciru thwc nghiém

Xay dung md hinh bon chira, ché tao robot, thuc nghiém danh gia phuong an
do mon hop ly, xay dung thut toan ghép anh gidp tao 1ap ban d6 mon cho phép
danh gia do6 mon tai bat ky vi trf ndo cua than bon chua.

Thuc hién tién hanh thuc nghiém mat cach chu dong dé c6 thé kiém ching céc
nghién cau ly thuyét:

— Trang thiét bi phuc vu thuc nghiém: mé hinh bon chia, robot mang dau do

26



siéu &m PA, phan mém xay dung ban d6 mon chuyén dung.

~ Dia diém thuc hién: tai phong thi nghiém thudc nhém Nghién cau trong
diém Ky thuat Co khi va Mai truong (REME LAB), truong dai hoc Su pham Ky
thuat Tp. HCM.

1.6.4 Phwong phap thu thap dir liéu

1.6.4.1 Thu thap dir li¢u theo 1 truc

Pay 1a cach thic thu thap dir liéu khi thiét bi di chuyén theo 1 truc xac dinh
(OX hoidc OY) [9]. Khi di chuyén theo 1 truc ta s& c6 duogc dir liéu vi tri va dir liéu
hinh anh phuc vu chan doan khuyét tat twong ang véi vi tri. Dix liéu vi tri dugc mot
encoder két ndi vai banh xe cung cap. Dit liéu hinh anh s& duoc tao ra bang phuong

thizc C-Scan (dau do chi dich chuyén theo mét truc).

Hinh 1.21: Dt liéu thu thap tur 1 truc [9]
1.6.4.2 Thu thap dir liéu theo 2 truc
Viéc thu thap dix liéu bang 2 truc cho phép dit liéu thu thap duoc theo hai
phuong X, Y [10]. Khi di chuyén theo 2 truc thiét bi s& cho phép thu thap dit liéu vi

tri va di liéu hinh anh lién tuc (khong c6 sy gian doan). Hai encoder dugc gan trén
hai banh xe riéng biét nham muc dich xac dinh vi tri phuwong X va Y. Thiét bi tu
dong thu thap dir liéu hinh anh tuong tirng vai toa d6 (X, Y) theo phuong thuc C-
Scan.
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Index: 0,00 mim

Scan: 16.99 mm

Hinh 1.22: Dir liéu thu thap tur 2 truc [2],[10]
1.6.5. Phan tich hinh anh @6 mon thu thap
Phan tich dit liéu ban dd an mon chi yéu dat duoc théng qua thao tac bang
mau trén vi tri C-Scan [8] dé c6 do twong phan tdi da hién thi cac khu vuc n mon
va phan tich diém dir liéu riéng lé trén A-Scan va S-scan dé danh gia su bat thuong,
didc tinh an mon va loai bo nghi ngo cac gia tri doc. Viéc phan tich ciing bao gdbm
diéu chinh vi tri cong va logic cong dé doc chiéu day thich hop (T A/, T B/-A/...)

[8]. Mau séc trong anh thé chiéu day dn mon trong C-Scan.

A-Scn Gr 140 00 5090 1142 5240 50 mm (38,59 mm

Hinh 1.23: Mau trong kiém tra siéu &m PA C-Scan dn mon [8]
1.6.5.1 Pham vi chiéu day C-Scan

Dt liéu thuong duogc thu thap véi bang mau caa vi tri C-Scan dugc chia ty 1€

trén toan bd pham vi chiéu day va sau d6 thay doi trong ché do phan tich dé pho

hop véi diéu kién an mon. Hinh 1.24 minh hoa chi tiét kiém tra c6 chiéu day 20 mm
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va viéc thu thap ban dau dugc thyuc hién voi bang mau duoc chia ty 16 trong pham vi
tor 2 — 20 mm.

N
o
3
=

Thickness

S ——— =

N

TF_CorrosionOneLineScan.opd

Hinh 1.24: Ty Ié bang mau va chiéu day [8]

Trong hé OmniScan MX2 pham vi chiéu day dugc nhap trong [Gates] —
[Thickness] — [Min va Max]. Gié tri nay dugc thiét 1ap dé gisi han viéc doc chiéu
day cho Tmin va TminZ dé phét hién céc bat thuong gan bé mit.

1.6.5.2 Bang mau C-Scan

Thang do d¢ day tuong ty dugc nhap trong [Gate] — [Thickness], thuong
duoc midc dinh ¢ cung gié tri nhung c6 chirc niang khac nhau va la cau hinh doc
lap. Trudc khi thay d6i [Min va Max.], mau ciia C-Scan chi ra pham vi doc chiéu

day gan dung dugc chira trong viing mau xanh dwong cia bang mau.

[FS—— |
gq-____.p%"

3

=

-

Color Palette Depth B { 20.00 Compression

Max.
Category P Select P (m:) Mode 2

Hinh 1.25: So sanh mau va thang do chiéu day [8]
Tang gia tri [Min va Max] cho dén khi mot hoac nhiéu diém anh mau do xuat

hién trong C- Scan. Trong hinh 1.25, mot diém anh mau d6 xuat hién ¢ chiéu day
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13.12 mm. Diém anh mau dé xac dinh gia tri doc mong nhat trong C-Scan va chi

bao day la khu vuc bi an mon nghiém trong nhat.

Hinh 1.26: Xéc dinh chiéu day con lai nho nhat va I6n nhat [8]
Dinh vj cc con tré dit liéu trén diém do dé hién thi khau do dau do trong S-
Scan va A-Scan riéng 1é, truc quan hoa A-Scan dé dam bao duoc viée doc 1a hop 16
va khdng phai la két qua cua giao dién & mic 0 mm can thiép vao cong Gate hoic
mét sb bat thuong khéc. Sau do, dinh vi lai cong Gate néu can thiét dé cap nhat C-

Scan. B¢ an mon thudng duge bao cdo 1a diém dir liéu mong nhat.

N
o

e p S
3

TF_CorrosionOneLineScan.opd

13.12mm

Hinh 1.27: Xac dinh chiéu day, di liéu mong nhat con lai cua vat kiém [8]
1.6.5.3 C4c gia tri cia do mon
Cac gi tri doc c6 san trong cac danh sach dugc cau hinh mic dinh theo @ng

dung hoic bang cach chon ching riéng I¢ trong [Measurement] — [Readings] [8].
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C6 8 gi4 tri doc duogc hién thi trong hai nhém c6 thé dugc bat bang cach cham vao
man hinh trong khu vuc nguoi ding. Cac gié tri doc lién quan dén ban d6 in mon
duoc minh hoa dudi day va s& xuat hién trong bang chi thi va béo céo.

{RANIORD mm = Ha%
jcerrosion 1 Ijvan)
IjmL
1 L ST ITATAITSis Tan
|
|
|

1
|
|
|
Manual Weld Tminz |
|
|
1

s 486 “J::," 416.00 "{::::,” 31 22 e 92

lAuto Weld S(Tminz)
Immersion I(TminZ)
AWS | Angle (Tmin2)

Corrosion Inspection Readings (2)

l Select Close

Hinh 1.28: Bang cac gia tri d6 mon [8]

Viéc doc T (A/1) [10] s& hién thi chiéu day cua chi tiét kiém tra tai vi tri cua
con troé dit liu va viéc doc nay phu thudc vao ngudn chiéu day duoc chon trong

[Gates\Alarms] — [Thickness] — [Source].

T(AN)
RS0

Hinh 1.29: Gia tri doc — T(A/1) [8]
- Giatri Material Loss (ML)
Gia tri ML sé& hién thi mirc d6 ton that vat lieu & diém dix liéu hién tai theo

phan tram so véi chiéu day dugc nhap trong [Group\Part] — [Part] — [Thickness].
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Hinh 3.19 cho biét chiéu day (con lai) & diém hién tai 1a 3.70 mm, ton that (d6 mon)

14 58.9% (50 véi chiéu day 9 mm nguyén ban).

. 58.9

Hinh 1.30: Gia tri ML (%) [8]
- Giatri Tmin
Gia tri Tmin [10] s& hién thi gi4 tri doc thap nhat duoc phat hién trong qua
trinh thu thap va sé& thiét 1ap lai khi bat dau thu thap méi. Tmin s& chi hién thi mac
doc thap nhat trong pham vi duoc xac dinh trong [Gate] — [Alarms] — [Thickness]

— [Source] — [Min va Max].

"o 2.81

AOL016 52650 mm9 30 mm.

Hinh 1.31: Gia tri Tmin [7]
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- Giatri S(Tmin)val (Tmin)
Hinh 1.32 minh hoa gi& tri S (Tmin) = 426 mm hién thi tai vi tri trén truc
guét ngang (mau xanh ngoc trong hinh C-Scan) ma tir d6 doc dwoc gia tri Tmin. Gia
tri 1 (Tmin) = 9 mm hién thi tai vi tri trén truc dang (mau xanh 14 cay trong hinh C-

Scan) ma tir 46 cling doc duogc gié tri Tmin.

Tmin(A/) S (Tmin) I(Tmin)
(mm) (mm) (mm) 9 - oo

Gates/Alarms |

Thickness -
Source

Hinh 1.32: Giatri S (Tmin) va | (Tmin) [8]
- Giatri TminzZ
Gia tri TminZ s& hién thi gia tri doc thap nhét trong viing hinh chit nhat trén
C-Scan duoc tao bai cac con tro tham chiéu va do ludng. TminZ phu thudc vao ché

d6 chiéu day duoc chon trong [Gate] — [Thickness] — [Source]. Viéc xac dinh gia

tri TminZ sé& chi hién thi mac doc thap nhat trong pham vi duoc xac dinh trong

[Gate] — [Alarms] — [Thickness] — [Source] — [Min va Max].

“ammi990 mm

Gates/Alarms

Gates

Thickness *» - Max. Echo
Source

Hinh 1.33: Gia tri TminZ [8]
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- Giatri S (TminZ) val (TminZ)
Gia tri S (TminZ) =432 mm la vi tri caa TminZ dugc doc trén truc quét
thudc ngang mau xanh ngoc trong hinh C-Scan. Gia tri | (TminZ) = 9.6 mm la vi tri
cua viéc doc TminZ trén truc quét trong C-Scan (thudc doc mau xanh 14 cdy trén C-

Scan).

Thickness
Source

Hinh 1.34: Gia tri S (TminZ) va | (TminZ) [8]

1.6.5.4 B&o cao két qua siéu &m anh mon
Bio cao duoc tao ty dong va bao gém thong tin vé thiét bi va phan mém,
cac tham sb cua kiém tra bao gom céc cai dat UT, thiét 1ap mang pha, hiéu chuan,
thu nhan va cac khuyét tat tir bang chi thi [8].
Bio cao duoc luu & dinh dang HTML [8] va c6 thé dugc mé trén thiét bi

OmniPC hoic tir bat ky trinh duyét web nao nhu Internet Explorer.
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Hinh 1.35: B4o céo két qua siéu am PA
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Chuwong 2

QUY TRINH THUC NGHIEM PO KIEM TRA
PO MON BON CHUA

2.1 Deé xuit thong sé k¥ thuat thiét ké, ché tao robot mang diu do siéu am PA

2.1.1 Y&u cau ky thuat can c6 cia robot mang dau do siéu am

Dé c6 thé mang dau do siéu am thyc hién viéc do kiém, danh gia 6 mon bon
chtra dung tich 16n, vat liéu ché tao bon chira 1a thép, thiét bi tu hanh (robot) can dat
duoc cac yéu cau sau [27]:

- Robot di chuyén bang 4 banh xe nam cham tir, ¢6 kha ning di chuyén trén
mit phang XY, ¢6 kha ning ty hanh tién/IUi, r& phai/trai bang cach diéu khién bang
tay hay lap trinh trudc;

— Robot bam dinh vao thanh bon bing nam chidm vinh ctru, mang duoc tai
trong robot va cac phu kién kém theo khoang 20 kg;

~ Téc do caa robot ¢ thé dat dén 100 mm/s, hoat dong 6n dinh & toc d6 25 -
50 mm/s (toc do khi thuc hién do kiém bang siéu am PA);

~ Robot ¢ kha nang di chuyén linh hoat trén bé mit thanh bdn va dé dang
vuot qua duong han hoic cac chd 16i, 16m.

2.1.2 M6 hinh thiét ké va ché tao thir nghiém robot

Qua khao sat cac robot mang dau do siéu am PA c6 trén thi truong nhu robot
Scorpion B-Scan [11], Rinaldi Mechatronic Systems [12], md hinh thiét ké robot va

ché tao robot mang dau do siéu &m PA duogc dé xuat nhu & hinh 2.1.
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a) Mb hinh thiét ké robot b) Robot dd hoan thién
Hinh 2.1: Robot mang dau do siéu am PA [27]
2.1.3 Co s&, giai phap dinh vi dau do siéu am PA

Pé dinh vi vi tri robot va xac dinh sai s6, do chinh x&c vi tri caa robot co thé
sir dung cam bién do khoang cach: cam bién siéu am, lazer. Tuy nhién, véi thi
nghiém trén mé hinh bon chita méi kich thuéc nho ta c6 thé st dung cam bién siéu
am UltraSonic HY-SRF05 duoc st dung dé nhan biét khoang cach tir vat thé dén
cam bién nho séng siéu &m, cam bién c6 thoi gian phan hdi nhanh, do chinh xéac
cao, phu hop cho céac tng dung do khoang cach bang séng siéu am.

Str dung thudc chuan va cam bién siéu am dé xac dinh toa d6 vi tri robot, qua
d6 danh gia do tin cay caa robot theo hai phuong: dting, ngang. Thuéc chuan duoc

dat theo phuong x, y mo ta nhu hinh 2.2.
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1 2 (1000, 1000)
N 1000 L3l =
A
500
i L=
Thuwoc 0 [ >
chudn I"" X (mm) A
L 4 3
theo 2200 N
phuong x 500 1000 -
Y

| ]
Thwée chuén theo phuong y
Hinh 2.2: Bé tri thudc chuan hiéu chinh sai s6 toa do vi tri robot
Dung 4 cam bién siéu &m SRF05, 2 & phia trudc, 2 phia sau dé do khoang
cach cac gié tri toa do x,y dong thoi hiéu chinh tdc d6 cac banh xe 1am sao dé robot

di dong téc, gitt virng vi tri di chuyén dé dat dugc vi tri mong mudn.

- g o 2
] - ‘\ |
Thuéce 1 T o

chuan theo |l@a——2= i ;&
phwong x

d: do léch cla robot

Thwéc chuan theo phwong y

Hinh 2.3: M0 ta do léch cua robot theo hai phuong x, y
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a) Pinh vj thiréc chudn bang Laser b) Lép dat thieéc chudn

Hinh 2.4: Dinh vi va lp dit thuéc chuan theo hai phuong x, y
4 al 2% F .

a) Cai dat cac théng so robot b) Robot di chuyén trén béon chia
Hinh 2.5: Binh vi robot bang cam bién siéu am SRF05
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Gia tri toa do xy, X, cam bién siéu am s& xac dinh toa do robot trong qué trinh
di chuyén, d 1a do léch cua robot. Trong qué trinh di chuyén, robot s& bi Iéch so véi
phuong thang dimg. Luc d6 sé& xay ra 2 trudng hop:

~ Truong hop 1: X, > X, thi robot léch bén trai, so sanh céc gia tri vé toa do x
ta dugC X1 < X va X, > X, dua theo hinh 4.3:tacd x, — x; =d

Ldc nay giam dan sé xung banh xe bén phai trén dong co dé diéu chinh qué
trinh di chuyén robot. Dé robot dat duoc trang thai can bang dam bao diéu kién toa
do x,— x =d/2.

— Trudng hop 2: X; > X, thi robot léch bén phai, so sanh cac gia tri vé toa do x
ta dugC X1 > X va X, <X, duatheo hinh4.3:tacd x; —x, =d

Ldc nay giam dan so xung banh xe bén trai trén dong co dé diéu chinh qua
trinh di chuyén robot. Dé robot dat duoc trang thai can bang dam bao diéu kién toa
d6 Xy — x = d/2. Nhu vay, robot cé kha nang tu hiéu chinh d6 Iéch vi tri so véi vi tri

thiét Iap tir ban dau.

2.1.4 Kiém nghiém d¢ tin cay robot

2.1.4.1 Robot di chuyén theo phwong thang dirng

a) Muc dich

— Panh gia d6 chinh xac di chuyén (quy dao di chuyén thiang) theo phuong
dtrng cua robot.

— Xac dinh duogc d6 léch gitra diém dau va diém cudi sau khi di chuyén cua
robot.

b) Tién trinh thi nghiém

Pé kiém nghiém do tin cay (d6 chinh xac) khi robot di chuyén theo phuong
dung, cac thuc nghiém da duoc tién hanh nhu sau:

—~ Cho robot di chuyén ttheo phuwong thang ding tir duéi 18n trén voi quang
duong di chuyén s = 1000 mm (di chuyén tir diém A dén diém B).

— Téc d6 di chuyén trung binh duoc thiét 1ap cho robot 1a vy, = 35 (mm/s), véi
thoi gian du kién 1a t = s/vy, = 1000 / 35 = 28.571 (s)

— Thuc nghiém duoc tién hanh 3 1an véi s lan lap 1a 3.
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¢) Thiét bi thi nghiém

Céc thiét bi str dung dé tién hanh thi nghiém bao gom:
- Robot;

~ M& hinh bén chira;

~ Thiét bi siéu &m t6 hop pha Olympus MX2.

So d6 quang duong di chuyén trén mé hinh duoc trinh bay & hinh 4.6a.

[A] (0.0)

a) Quang dirong b) Piém dau ¢) Diém cudi

di chuyén

Hinh 2.6: So do quang dudng di chuyén cuaa robot theo phuong dung
d) Két qua thi nghiém
Dir liéu thuc nghiém khi Robot di chuyén theo phuong dung dugc trinh bay &
bang 2.1.
Bang 2.1: Dir liéu hoat dong cua robot khi di chuyén theo phuong dtng

Thi nghiém Vvantéc | Thaigian
Toadd A Toa doB ) ,
trung binh | di chuyén
STT | Lap (xy) (xy)
Vip (MM/s) ts (s)
1 (0,0) (0.20, 999.57) 35 28.56
1 2 (0,0 (0.50,1000.50) 35 28.59
3 (0,0) (0.65,1000.95) 35 28.60
1 (0,0) (0.25,1000.42) 35 28.58
2 2 (0,0 (0.45, 999.65) 35 28.56
3 (0,0) (0.15,1000.68) 35 28.59
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1 (0,00 | (0.60,1000.55) 35 28.59

3 2 (0,00 | (0.44,1000.45) 35 28.58

3 (0,00 | (0.50,1000.75) 35 28.59

Trung binh (0,00 | (0.42,1000.39) 35 28.58

Véi két qua & bang 2.1 ta v& d6 thi so sanh d sai léch chuan cua thoi gian di
chuyén cua robot qua 3 Ian lap vai 95% khoang tin cdy Aes duogc xac dinh bang 1,96

lan sai léch chuan e.

28.70 -

28.65 - t+Ac

28.55 -

28.50 - t.—-Ac

Thoi gian di chuyén theo
phuong dirng t(s)

28.45 -

28.40 I I I I I I I I L}

Lan thuc nghi¢m

Hinh 2.7: Thoi gian quét theo phuong dang qua 9 lan thi nghiém

Dwa vao bang dir liéu bang 2.1 va hinh 2.7 ta c6 thé di dén mot sé nhan xét
sau:

— Trén hinh 2.7 cho thay thoi gian di chuyén theo phwong thang dimng qua 9 1an
thuc nghiém déu nam trong gidi han 95% khoang tin cay cho phép cua thoi gian di
chuyén theo phuong dung la £, + 1.960, cu thé I1a t; nam trong khoang [28.50,
28.66].

~ Sai léch theo phuong ding, hay ndi cach khéc 1a chiéu dai quang duong
trung binh 1& 1000.39 mm, trong d6 quang dudng ngin nhat la 999.57 mm c6 sai
léch so véi quang duong chuan 14 0.43 mm. Sai léch theo phuong thang ding nay

kha nho khdng anh huéng dén viéc nhan dang bién anh nén cé thé bo qua.
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— Sai léch theo phuong ngang véi toa dd X ¢6 sai léch véi toa do chuan la
0.42 mm, sai léch nay so vai bién anh dugc sur dung cho viéc nhan dang (5 mm) la
nho, khdng gay anh huong dén viéc nhan dang thi tu anh.

~ Sai lech vé thoi gian di chuyén trung binh qua 3 1an lap so véi thoi gian tinh
toan Iy thuyét 1 0.04%.

Nhu vay, qua thuc nghiém kiém nghiém do tin cay khi robot di chuyén theo
phuong thang dung trén mé hinh thi nghiém cho thay d6 léch vi tri, thoi gian di
chuyén Ia rat nho, khong gay anh hudng dén két qua thu thap anh va nhan dang bién
anh.

2.1.4.2 Robot di chuyén theo phwong ngang

a) Muc dich

~ Panh gia d6 chinh xac di chuyén (quy dao di chuyén thang) theo phuong
ngang cua robot.

— Xac dinh duogc d6 léch gitra diém dau va diém cudi sau khi di chuyén cua
robot.

b) Tién trinh thi nghiém

Pé kiém nghiém do tin cdy (do chinh xéac) khi robot di chuyén theo phwong
ngang, cac thuc nghiém da duoc tién hanh nhu sau:

~ Cho robot di chuyén ttheo phuong ngang tir dugi Ién trén véi quang duong
di chuyén s = 1000 mm (di chuyén tir diém A dén diém B, hinh 2.8).

~ Téc d6 di chuyén trung binh duoc thiét lap cho robot 1a vy, = 35 (mm/s), véi
thoi gian du kién 1a t = s/vy, = 1000 / 35 = 28.571 (5).

— Thuc nghiém duoc tién hanh 3 1an véi s lan lap 1a 3.

[A]
(0,0) (1000,0)
a) Qudng dwong di chuyén

43



b) Piém dau
Hinh 2.8: So d6 quang dudng di chuyén caa robot theo phuong ngang

¢) Két qua thi nghiém

Dir liéu thuc nghiém khi Robot di chuyén theo phuong dtng duoc trinh bay &

¢) Diém cudi

bang 2.2.
Bang 2.2: Dir liéu hoat dong caa robot khi di chuyén theo phuong ngang
Thi nghiém Van toc Thai gian
Toadg A Toa do B . x
trung binh | di chuyen
STT | Lap | (xy) (x.y)
Vip (Mm/s) ts (s)
1 (0,0) (999.55, -0.3) 35 28.550
1 2 (0,0) (999.54, -0.5) 35 28.558
3 (0,00 | (1000.92, -0.65) 35 28.584
1 (0,00 | (1000.44, -0.75) 35 28.584
2 2 (0,0) (999.77, -0.45) 35 28.565
3 (0,0) (999.68, -0.55) 35 28.591
1 (0,00 | (1000.65, -0.66) 35 28.590
3 2 (0,00 | (1000.75, -0.44) 35 28.593
3 (0,00 | (1000.25, -0.45) 35 28.579
Trung binh (0,0) (1000.17, 0.53) 35 28.577

Véi két qua & bang 2.2 ta v& d6 thi so sanh d6 sai léch chuan cua thoi gian di

chuyén cua robot qua 3 Ian lap vai 95% khoang tin cidy Aes duogc xac dinh bang 1,96

lan sai léch chuan e.
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28.7 -

28.65 - t+Ac

)
® )
o o
ol o
>

phuong ngang t(S)

285 - t-Ac

Thoi gian di chuyén theo

28.45 -

28.4

1I2I3I4I5I6I7I8I9
Lan thyc nghiém
Hinh 2.9: Thai gian quét theo phuong ngang qua 9 lan thi nghiém

Dwa vao bang dir liéu bang 4.2 va hinh 4.9 ta c6 thé di dén mot sé nhan xét
sau:

~ Trén hinh 2.9 cho thay thoi gian di chuyén theo phuong ngang qua 9 lan thuc
nghiém déu nam trong gi¢i han 95% khoang tin cay cho phép cua thoi gian di
chuyén theo phuwong ngang la £, + 1.960, cu thé Ia t; nam trong khoang [28.50,
28.66].

~ Sai léch theo phuong ngang, hay néi cach khac 1a chiéu dai quang duong
trung binh 14 1000.17 mm, trong d6 quang duong ngan nhat 1a 999.54 mm c6 sai
léch so véi quang dudng chuan 12 0.46 mm. Sai léch nay so véi chiéu rong bién anh
duoc sir dung dé nhan dang anh 1a 5 mm 1a nho, khéng anh huéng dén viéc nhan
dang anh nén co thé bo qua.

~ Sai léch theo phwong dirng Vi toa do X c6 sai léch véi toa ¢ chuan 14 0.17
mm, sai léch nho nay khong anh huong dén anh thu thap vi bién anh nay khong st
dung cho viéc nhan dang anh.

~ Sai léch vé thoi gian di chuyén trung binh qua 3 1an lip so véi thoi gian tinh
toan Iy thuyét 1 0.04%.

Nhu vay, qua thuc nghiém kiém nghiém d¢ tin cay khi robot di chuyén theo

phuong thang ngang trén mé hinh thi nghiém cho thay d6 léch vi tri, thoi gian di
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chuyén 1a rat thap.
2.1.4.3 Robot di chuyén theo phwong Xién
a) Muc dich
Panh gia d6 chinh xéac di chuyén (quy dao di chuyén thang) theo phwong xién
ctia robot. Xac dinh duoc do léch gitra diém dau va diém cudi sau khi di chuyén cua
robot.
b) Tién trinh thi nghiém
Pé kiém nghiém do tin cay (d6 chinh xac) khi robot di chuyén theo phuong
Xién, c4c thuc nghiém da duogc tién hanh nhu sau:
— Cho robot di chuyén ttheo phwong xién tir trai qua phai véi quang duong di
chuyén s = 502.49 mm (di chuyén tir diém A dén diém B).
~ Téc d6 di chuyén trung binh dugc thiét Iap cho robot 1a vy, = 35 mm/s, voi
thoi gian du kién 14 tg = /vy, = 707.11/35 = 20.203 (s)
— Tai vi tri A, robot quay mot goc a = 45° véi van téc v, = 25 (mm/s), R =
180 mm, v&i thoi gian duy kién la:
(o= 21m.R. q; _ 2.3,14.180.45
ioop,;.360 25.360

— Thuc nghiém duoc tién hanh 3 1an vai sé lan lap 1a 3.

= 5.652 (s)

a) Quang dwong b) Piém dau ¢) Diém cudi

Hinh 2.10: So d6 quang duong di chuyén cua robot theo phuong xién 1 goc o
d) Két qua thi nghiém
Dix liéu thuc nghiém khi robot di chuyén theo phuong xién duoc trinh bay &
bang 2.3.
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Bang 2.3: Dir liéu hoat dong cua robot khi di chuyén theo phuong xién

Thi nghiém vantéc | Theoigian | Thoi gian
Toadd A Toa d) B . . < . 2
trung binh | di chuyén | di chuyén
STT | Lap (xy) (xy)
Vip (MM/s) ts () t« ()
1 (0,0) (500.3,500.55) 35 20.220 5.855
1 2 (0,0) (500.5,500.54) 35 20.224 5.81
3 (0,0) (500.65,500.92) 35 20.235 5.911
1 (0,0) (500.75,500.44) 35 20.227 5.835
2 2 (0,0 (500.45,500.77) 35 20.228 5.852
3 (0,0) (500.55, 500.68) 35 20.228 5.715
1 (0,0) (500.66, 500.65) 35 20.230 5.819
3 2 (0,0) (500.44, 500.75) 35 20.227 5.921
3 (0,0) (500.45, 500.25) 35 20.217 5.825
Trung binh | (0,0) (500.528, 500.617) 35 20.226 5.838

Véi két qua & bang 2.3 ta v& d6 thi so sanh do sai léch chuan cua thoi gian di
chuyén cua robot qua 3 1an lap voi 95% khoang tin ciy As duoc xac dinh bang 1,96

lan sai léch chuan e.

26.60 -

26.40 - t+Ac

26.20 -

26.00 - s

25.80 - T Ao
25.60 -

Thoi gian di chuyén theo
phuong xién t(S)
>

25.40 -

25-20 T L] T T T T T T 1
1 2 3 4 5 6 7 8 9

Lan thuc nghiém

Hinh 2.11: Thoi gian quét theo phuong xién qua 9 lan thi nghiém
Dua vao bang 2.3 va hinh 2.11 ta c6 thé di ¢én mot s6 nhan xét sau:

— Trén hinh 2.11 cho thay thai gian di chuyén theo phuong xién qua 9 lan thuc
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nghiém déu nam trong gidi han 95% khoang tin cay cho phép cua thoi gian di
chuyén theo phwong ngang la £, + 1.960, cu thé 1a t; nam trong khoang [25.73,
26.39].

~ Sai léch theo phuong ngang véi toa dd X so véi toa do chuan la 0.528 mm,
sai léch theo phwong dung véi toa dd Y so vai toa do chuan 1a 0.617 mm. Sai léch
nay la nho va chuyén dong theo phuong xién nay dugc thuc hién khi khéng thu thap
anh mon.

~ Sai lech vé thoi gian di chuyén trung binh qua 3 1an lap so véi thoi gian tinh
toan Iy thuyét 12 0.11%

~ Sai léch vé thoi gian xoay tai cac diém nut c6 goc xoay 1a a = 45° qua 3 Ian
lap so vai thoi gian tinh toan Iy thuyét 1a 3.29%. Thoi gian ndy c6 anh hudng dén
t6ng thoi gian hoat dong khi thuc hién kiém tra danh gia d6 mon nhung khong anh
huong déng chat lugng anh mon thu thap. Do vay, ta c6 thé xem sai léch thoi gian
nay la sai so hé théng vé mat thoi gian chi gay anh huong nho dén tong thoi gian
hoat dong cua robot.
2.2. Lap so @6 trai phan manh va xac dinh dién tich quét trén bon chira

Khi robot mang dau do siéu am di chuyén trén than bon chaa thuc hién quét
thu thap dir liéu dé xay dung ban d6 mon tong thé thi céc dién tich quét co cac vat
can trén than bon nhu: cac mat bich, ciu thang bo, cac tim han dip cd chiéu cao
I6m,... s& gay can tré hoat dong di chuyén cuaa robot. Vi thé, cac khu vuc nay sé
khong duoc kiém tra siéu Aam bang robot ma s& duoc kiém tra siéu am bang tay qua
viéc phan manh (phan luéi). Viéc phan manh gilp tach céc phan dién tich c6 vat
can dé thyc hién kiém tra siéu &m bang tay va ma hoa (danh sé hiéu) cac khu vuc
cua bon chira dé gitp ghép cac ban d¢6 mon thanh phan thanh ban d6 mon téng thé
(hinh 2.12). Bén canh d6, viéc ma hoa cac khu vuc ciing cho phép xac dinh dugc
cac toa do thanh phan caa dién tich khu vuc giGp cho viéc dinh vi chinh xac vi tri
robot do kiém khi thuc hién quét thu thap di liéu khu vuc twong Gng trén than bon

chtra.
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Hinh 2.12: Phan manh (chia ludi) cac dién tich trén bon chira

Hinh 2.13 m6 ta viéc danh sb hiéu dé chia bdn thanh cac khu vuc, ma hoa
cac khu vuc nay gitp 1ap ké hoach siéu &m st dung robot, siéu am tha cong, xac
dinh tén cac khu vuc dé c6 can cir ghép cac ban ¢6 mon thanh phan dé xay dung
ban d¢6n mon téng thé. Cac khu vuc thanh phan caa bdn dugc chi dinh siéu am sir
dung robot sau khi chia Iuéi s& c6 dién tich bang nhau. Cac khu vuc duoc siéu am
thi cdng (cac mit bich, dudng éng dan, cau thang bo di 1én nép bon chira) ciing cb
gang chia sao cho cd dién tich bang véi khu vuc siéu am sir dung robot néu cé thé

duoc.
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(iii, jjj)

(iii, jij)
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y
Hinh 2.13: So d6 trai phan manh than bon chira
Theo hinh 2.13, dé thuan lgi cho viéc thuc nghiém va ghép ban ¢6 mon tong
thé, trén so d6 trai s& ma hda vi tri cac dién tich da phan manh, c&c vi tri manh theo
- Cac manh dugc mad hoatheo trucxcogiatrii=1+m
- Cac manh duoc ma hoa theo trucycé giatrij=1-+n
Cé4c manh dién tich c6 chtra 6ng chd cac mat bich, cau thang, duong 6ng
Cong viéc thuc nghiém do kiém tra ¢6 mon trén bon chia xang dau can ché

tao mot phan than bon duoc mé ta nhu hinh 2.14.
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Hinh 2.14: Xéc dinh md hinh than bon chira ding dé thuc nghiém do kiém
Dé xac dinh vi tri va dinh vi dién tich cua khu vuc quét trén bdn chaa can
xac dinh 4 diém goc vudng. Sir dung va bé tri nhiéu may do laser xac dinh 4 diém
g6c vudng dé xac dinh toa d6 cua khu vuc quét va 1a cac diém chuan dé diéu khién
va hiéu chinh vi trf caa robot khi di chuyén. Bé xac dinh khoang céch khi di chuyén

robot dugc trang bi cac cam bién do khoang cach nhu mé ta ¢ 2.15.
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Hinh 2.15: Xac dinh vi tri mot khu vuc (dién tich) quét cu thé

Thong sb ky thuat

Pham vi do 0,05 — 100 m

Do chinh xac do luong £ 1,5 mm

Tia laser 635 nm

Nguén cdp dién pin ion lithium gén trong 3,7V | 1,25Ah

Trong liong, xap xi 0,14 kg

Hinh 2.16: Thong sé k¥ thuat may do khoang cach Bosch GLM 100C
Tir vi tri ddy bdn chira ta c6 thé xac dinh cac diém tham chiéu 0, 1, 2, 3, 4, 5,
6, 7, 8,... Cac diém nay duoc sir dung dé tinh toan, so sanh va xac dinh vi tri khu
vuc (dién tich) cac manh quét trén ban chira. Str dung céc cam bién do khoang céch

GLM100C va/hoic két hop voi may do tia vudng goc (laser level) dé xac dinh cac
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gia tri Ly, Hy, H, (hinh 2.17). Chia luéi va xac dinh cac vi tri dién tich cac manh can

quét trén bon chua.

a) May ldy diém goc vudng laser b) Pinh vi dién tich quét bang may do laser
Hinh 2.17: Xac dinh vi tri va dinh vi dién tich quét trén md hinh bén chua
Viéc Iap ghép dix liéu cac khu vuc cua than bon chira di duoc phan manh

nham tao 1ap ban d6 mon téng thé ciing gidng nhu cach 1ap ban ¢6 mon cho 1 khu

vuc cu thé va nho céc sb hiéu c6 duogc trong qua trinh ma hoé bon. Tur cac sb hiéu
ma hod chiing ta c6 thé chi dinh tha ty ghép cac ban d6 mon cua cac khu vuc dé xay
dung ban do mon tong the.

2.3 Pinh vi robot trén bon chira
Dé robot tu dong trinh ty quét cac manh dién tich da dugc ma hoéa trén bon

chua sir dung camera Phase One IXU-RS160 (hinh 2.18), trén robot c6 dan cac
marker mau (xanh, do) trén than robot hodc dau do siéu am PA, va camera cd thé

phat hién cac marker nay & vi tri A, B, C trén bon chua tir ¢6 co thé xac dinh céc vi

vi tri robot.

Thong so ky thuat

60.5 MP resolution

Input DC 12 - 30V

Két noi bang USB 3.0

Két ndi truc tiép véi GPS

Hinh 2.18: Thong s6 k¥ thuat cia Camera Phase One IXU-RS160
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Robot bit dau quét dién tich S; tir vi tri A va khi két thic quét s tro vé vi tri
A dé di chuyén dén dién tich quét tiép theo, vi du c6 thé dé vi tri B cua dién tich S,
hoac vi tri C cua dién tich S;. Nhu vay, théng qua camera c6 thé phat hién robot tai

cac vi tri A, B, C dé cd thé tiép tuc quét cac dién tich khac nhau trén bon chia.

_ L/2 _
-
M | 1 I
// | [
/ . I
/ Th‘?nh | I
/// bon | Z\
/
/ | o Il
// 7 l 3 11
/ 7
/ ) | b/ S, i
/// //’ [t | ~ I I
/ e . o B X Y, (|
/ s | A S
// S __4 | Robot | s = I
;s -7 > cl x i
/o, - o( o
Camera ST I e
//////’ ________ I 11
s e
S~ _ [
RN | A x i
\‘\\\ LD '
] ]
a) Camera quan sat robot b) So do trai cac vitri A, B, C

Hinh 2.19: Binh vi robot trén bén chaa bang Camera
Ngoai ra, dé dinh vi chinh xé&c robot tai cac vi tri A, B, C c6 thé ding thuat
toan diéu khién viét chuong trinh dinh vi ty dong vi tri x, y caa robot bang phan
mém Matlab hozc C+. Tuy nhién, luan an nay khéng nghién ciru sau vao thuat toan
diéu khién robot ma chi dua ra giai phap dé dinh vi robot cho cac manh dién tich

can quét.

2.4 D@ xuit quy trinh do mon bang phwong phap siéu 4m PA

2.4.1 Muc tiéu va pham vi wng dung

Quy trinh nay cung cip cac diéu kién chung dugc huéng dan cu thé khi thuc
hién kiém tra bang phuong phap siéu am t6 hop pha su dung thiét bi Olympus
Omniscan MX2 kiém tra ¢ mon cho than bon chira xang dau dung tich Ién, ang
dung trén md hinh bon chira d ché tao theo tiéu chuan API 650:2016 [28].
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Quy trinh ndy md ta cong tac kiém tra d6 mon bang phuong phap siéu 4m to
hop pha (PAUT) can duoc tuan thi va ap dung dé thuc hién kiém tra d6 day con lai
cta than bon chira xang dau. PAUT dang sir dung ki thuat kiém tra bang robot
mang dau do PA.

2.4.2 Tiéu chuan &p dung

Khi siéu am kiém tra ¢6 mon bon chta xing dau dung tich 16n ang dung k¥
thuat siéu &m t6 hop pha, céc tiéu chuan lién quan dén bon chua, ki thuat siéu am
sau day da dugc nghién ctu ap dung:

— ASME Section V, article 4, Edition 2019 : “ASME Boiler & Pressure
Vessel Code —Nondestructive Examination” [29].

Tiéu chudn ASME Section V' quy dinh chi tiét ky thudt vé quy trinh do kiém
cua cac phwong phdp kiém tra khdng pha hiy (NDT) trong dé c6 phwong
phap kiém tra siéu am PA, céch thic kiém tra danh gid cdc logi khuyét tat
bén ngoai va bén trong vdt liéu.

— APl 653, Edition 2014: “Tank Inspection, Repair, Alteration, and
Reconstruction” [30].

AP 653 duwroc phat trién va xudt ban béi Vién Dau khi Hoa Ky (API) bao
gom viéc kiém tra, sia chira, thay doi va tai ché cac bon chiza bang thép
trén mat dat s dung trong dau khi va cac nganh cong nghiép héa chat.

— ASTM E 2491, Edition 2008 — Standard Guide for Evaluating Performance
Characteristics of Phased-Array Ultrasonic Testing Instruments and Systems [31].

Tiéu chudn nay mo td cac quy trinh dé danh gia mét sé dac tinh hoat déng
cua cac thiét bi va hé thang kiém tra siéu PA. Viéc danh gia cac ddc tinh
nay nham muc dich si dung dé so sanh céc thiét bj va hé théng hodc, kiém
tra dinh ky, d@é phat hién nhiing thay doi 1au dai vé cac ddc tinh cia mét
thiét bi hogc hé thong nhat dinh, déanh gid cdc ddu hiéu cua i €6 sap xdy
ra va néu vuot qué cac gidi han cho phép sé yéu cau bdo tri sira chia.

— 1SO EN 9712 : Quialification and certification on NDT personnel [32]
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Tiéu chudn quy dinh cac yéu cdu vé nguyén tdac doi véi nang luc va ching
ch/ cua ky thugdt vién thyc hién kiém tra khong pha haiy trong cong nghiép
(NDT).

— ASNT SNT-TC-1A, Edition 2016: “Recommended Practice No: SNT-TC-
1A”, Personnel qualification and certification in nondestructive testing [33].

Tiéu chudn va ching nhdn nhan si trong kiém tra khéng pha huiy (2016)
SNT-TC-1A cung cap hwéng ddn cho nguoi sir dung lao déng dé thiét Idp
cac chuwong trinh chizng nhdn ngi bg vé trinh dé va chirng nhdn cia nhan
vién kiém tra khong pha huy.

2.4.3 Trinh d¢ ky thuat vién

K§ thuat vién thuc hién kiém tra PAUT phai co du trinh do va duoc ching
nhan nhu sau:

— Céc chuong trinh dao tao Vé siéu am va dugc ching nhan boi cac trung
tam, t6 chirc dugc cip phép cua quéc gia hodc qudc té nhu: chirng nhan trung tam
ciia ASNT (ACCP) hoic cac chuong trinh dua vao tiéu chuan 1SO 9712 [32] ¢6 thé
duoc sir dung thay thé dé hoan thanh céc yéu cau vé dao tao, kinh nghiém.

— Phuong phap PAUT phai do PAUT céap Il thuc hién. Chi nhan vién c6
chting chi PAUT cép Il tré 1én méi dugc xem xét, danh gia dir liéu va cac ban béo
cao PAUT.

2.4.4 Thiét bj kiém tra siéu am t6 hep pha

Thiét bi kiém tra siéu am t6 hop pha (OMNI MX2) [34, 35, 36] phai la loai
xung doi va duoc trang bi do khuéch dai hoic bo phan kiém soat mic do suy giam
dB di dwoc hiéu chuan voi muc ting 1a tir 2dB tré xudng (1dB hoic 0,50B).
OmniScan bao gém 16 hoic 32 kénh thu/phat doc lap. Hé thong c6 kha ning tao va
hién thi cac hinh anh quét quat, ma c6 thé duogc luu trir va hién thi lai dé xem va
phan tich lai.

K§ thuat vién c6 thé st dung hinh anh quét quat thoi gian thuc trong suét qua
trinh quét dé dam bao thu dwoc dir liéu dang. Hinh anh quét quat chta thong tin vé

d6 sau phan xa, bién d6 tin hiéu duoc chiéu cho géc khic xa cua chum tia siéu am.
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Hé thdng to hop pha cung cap mét loat céc kha ning phén tich bao gdm hién
thi A-scan va doc thdng sb cling véi cac con tro ciia phan mém. Cac hinh anh dugc
tao ra bai may quét quat, hinh anh xem dau va cudi c6 thé duoc st dung dé hd tro
cong tac danh gia.

Hé thdng td hop pha OmniScan c6 phan mém tao quy tic trong tm on-board
cho phép chinh sta tryc tiép cac dic tinh caa tia siéu am. Hé thdng to hop pha
OmniScan can sir dung mot thiét bi luu trir bén ngoai. May tinh cam tay tir xa duoc
két ndi théng qua Ethernet c6 thé duoc str dung cho muc dich nay [37].

Ngoai viéc luu trir dir liéu, may tinh cling s€ duoc ky thuat vién phan tich dir
liéu str dung dé phan tich dit liéu sau khi thu thap xong dit liéu. Phan mém hién thi
dix lidu gidng vaéi phan mém & trong hé théng té hop pha OmniScan MX2 [32, 33,
34] ciing s& duoc sur dung trén may tinh tir xa dé phat lai di liéu.

Tham khao s6 tay huéng dan van hanh cia nha san xuat dé hiéu ré hon vé
nhitng dic diém van hanh cua thiét bi.

Bat ctr cong tac diéu khién nao ma anh hudng dén mac do tuyén tinh cua
thiét bi (chuc ning Reject) s& o vi tri tdi thiéu hodc tat khi hiéu chuan thiét bi, hiéu
chuan va kiém tra hé thong.

2.4.5 Pau do va ghi nhan dir liéu

DPau do 5L64-A2 [35, 36] s& dugc sir dung dé phat hién ra mac do an mon,
danh du khu vyuc dn mon trén than bon chira xing dau bang cach sir dung may quét
ma hda ban tu dong st dung ché do quét raster trén thiét bi OmniScan MX2 (Robot
bao gom co ciu mang dau do do to hop pha 5L64-A2 cd 4 béanh xe tir) [35, 36], ting

s cua dau do 1a 5 MHz.
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a) OmniScan MX2 b) Dau dd 5L64-A2 ¢) Robot mang dau do siéu am
Hinh 2.20: Hé théng do kiém bang siéu &m PA st dung robot

2.4.6 Chat tiép am

C6 thé thuc hién cong tac tiép &m bang cach sir dung mot chét (dau, ma,
cellulose va nuéc) phi hop véi muc dich. Mot chat [am 4m an toan véi mdi trudng,
nhu nudc s& can phai thuc day qué trinh tiép am. Tuy nhién, khéng duogc dé thira
chat d6 trén bé mat vat chira thanh phan sau khi nudc da bdc hoi. Trong qué trinh
kiém tra, cd thé str dung chat tiép 4m twong tu nhu trong qua trinh hiéu chuan.

2.4.7 Khéi hiéu chuan

Khéi hiéu chuan co ban IIW - V1 duogc st dung cho cong tac xac nhan hiéu
Xuat va hiéu chuan chung cua thiét bi. Khéi nay dugc sir dung dé hiéu chuan van
téc, d6 tré ném va do nhay cua luat phat duoc thuc hién bang cach st dung cac khdi
nay.

Cau hinh va céc bo phan xa cua khdi tham khao phang s& nhu sau (T-434.2.1
cua Diéu 4, Muc V, Ma BPV, phién ban niam 2019) s& duoc st dung dé tao dudng
cong DAC/TCG, cai dat mic bién do tham khao vé ngudng phat hién va danh gia.

Do chénh léch vé nhiét do bé mit ciia khéi hiéu chuan, khéi tham khao, va bo

phan duogc kiém tra phai thip hon 40°C.
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Hinh 2.21: Khéi chuan IIW - V1
2.4.8 P nhay quét (Scanning sensitivity)
- Do nhay tham khao duoc hiéu chuan tryc tiép trén tim son. Cong tac quét
duoc thyuc hién ¢ do khuéch dai cai dit 6dB qua tham chiéu so cap.

- Cong tac danh gia & mac tham chiéu tuong tu.
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2.4.8.1 Cong do Gate
- An chon [Gates/Alarms] — [Gates] — [Gate A] diéu chinh vj tri Gate A

cang gan giao dién bé mat cang tot mién khéng can cham vao né va du rong dé bao
pht xung phan héi tir thanh dudi quay vé [38].

- Vj tri cua [Gate B (mau xanh)] va [Gate | (mau vang)] nim ngoai ving
guan tam.

- An chon [Gates] — [Parameter = Mode] — [Peak Selection = First Peak]
— [Measure = Edge].

Gain osionPT 1. & 2012/12/02 9:06 PM MXU - 408472
7 = -

can: 6199.0 s
A%1

e 119.8 | R OIOB R o S0 o om0 08

TCG Gain: 0.0 « IGELAD.00 SE080 L S-Scan Gri1 A:0.00 Sk:090 L:028

Focal law 1
Focal law 28
Focal law last

Mode Pulse First Peak Edge (/)
Thickness * Peak #

Gate P Parameters ®  Synchro. oA Measure

Hinh 2.22: Chon ché d6 peak cua cong do Gate [38].

Cac ché do cong sé xac dinh cach doc chiéu day va s& dugc hién thi trong
vung doc trén man hinh thiét bi, cac ché do c6 sin bao gdm First Peak (Pinh dau
tién) hoic Max. Peak (Dinh cao nhat), va Peak (Dinh) hoic Edge (Canh).

Trong hinh minh hoa bén duédi, D va E dugc su dung cho bién d6 C-Scan

(A%) va A, B, C duoc st dung cho vi tri C-Scan dién hinh cua kiém tra lap ban do

an mon.
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P parameters ® | Synchro. Measure

Max Peak

Selection

Hinh 2.23: Chon ché d6 Gate twong tng véi ché do hinh anh C-Scan [38].

Str dung chtrc niang [B/ - A/] dé doc chiéu day loai trir 16p phu hodc di
thuong cia bé mat bang cach Gate B (xung phan hdi lan 2) trir Gate A (Xung phan
hdi 13n 1).

Cac ché d6 va vi tri cua cac cong Gate thudng duoc dinh cau hinh lai trong
ché @6 phan tich va doi hoi kién thirc chuyén mdn vé A-scan dé doc chiéu day.

e endias] =2 437.00 1 30104 PR 30

A-Scan Gr1A0.00 Sk090 L.028 $501.00 mm 128.73 mm

Gates/Alarms

Thickness i

Hinh 2.24: Thiét lap ché d6 cong gate cho A-scan [38].
2.4.8.2 Thiét 1ap chiéu day cong do
- An chon [Gates/Alarms] — [Thickness] — [Source = A/].
Chon téi thiéu 1 - 2 mm va do day danh nghia cua vat liéu téi da 1a diém khoi
dau tét va diéu nay c6 thé dugc diéu chinh trong khi & ché d6 tam dung hodc phan
tich.
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Hinh 2.25: Thiét Iap ché do cong gate cho chiéu day [38].
2.4.9 Chuan bi bé mat
Trudc khi thuc hién cong viéc do kiém do mon sir dung robot mang dau do
siéu am PA, bé mat bon chira chi can sach dé dam bao mang ghép sé lién tuc. Néu
trén bé mat xuat hién nhitng diém nhap nhé vuot pham vi cho phép can phai duoc
loai bo (mai phang) nham gitp cho robot bam dinh tét hon va dau do gan trén robot

dé dang tiép xuc véi bé mat bon chia.

Khuyét
tat mon

a) Mat truoc b) Mat sau
Hinh 2.26: Chuan bi bé mat bon chtra
M3t sau caa than bon chira cd thé tu tao 3 khuyét tat vai vi tri, d6 sau va dién
tich bat ky & mat sau bon chuaa trong pham vi dién tich quét 2000 x 1000 mm? dugc

khao sat va mo ta nhu hinh 2.26.
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2.4.10 Ky thuat quét

Robot mang dau do siéu &m PA loai 5L64-A2 st dung ném 0° phat hién cac
hién tuong an mon cua bon chua xing dau. Dién tich quét dugc thuc hién theo
phuong 4n do cu thé (1000 x 1000 mm?) dugc nghién ctru va trinh bay & chuong 5.

2.4.11 B4o cao/danh gia két qua thu thap

— Giai thich khu vuc cd chira bo phan xa theo huéng dan kiém tra hién hanh;

— Tét ca céc dix liéu da ghi lai s& duoc xur Iy dé xac dinh hinh dang, dic diém
va vi tri ciia bo phan xa.

— Cong tac danh gia va bd tri cubi clng dir lidu duoc hién thi 1a trach nhiém
ctia ngudi s¢ hitu/str dung bo phan can duoc kiém tra.

2.4.12 Tai ligu luu triv

Théng tin trong bao cdo PAUT nén c6 cac thong tin sau: Sb ban v&, s duong
quét, s6 hang muc, vi tri dd quét trén tdm, do day danh nghia, do day con lai, kich
thudce khu vuc an mon (dai va rong). ..

Két qua kiém tra siéu am phai duoc bao cao trong ban bao cdo kiém tra té hop
pha. Tat ca dit liéu kiém tra t6 hop pha A-scan va C-Scan phai dugc luu giit nhu 1a
ban ghi da dugc ma hoa ky thuat sb.

Tat ca tai liéu vé trinh d6 thyuc hién quy trinh NDT phai dugc luu giit nhu 1a
hd so quan Iy chit luong.

Trinh ty cac buéc thyc hién theo quy trinh do kiém da dugc phé chuan duoc
trinh bay ¢ hinh 2.27.

Tiéu chuan &p dung  |—{ Trinh d6 nhan vién NDT —> Thiét bj kiém tra
\
Hiéu chuan khoi - Chét tiép am - Dau do va encoder
Do nhay quét > Chuén bj bé mat > Ky thuat quét

Y
Lwu trir va danh gia

Hinh 2.27: Cac buéc thyc hién theo quy trinh do kiém da dugc phé chuan
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Chuwong 3
MO HINH TOAN QUANG PUONG
DI CHUYEN NGAN NHAT

3.1 Bai toan toi wu toan cuc trén bon chira
Trén than bon chira dugc phan manh (chia ludi) va xét trén dién tich toan cuc
L x H c6 céc dién tich bang nhau va c6 3 vat can. Dé robot di chuyén nhanh nhat
dén cac vi tri can do kiém, dong thai can phai tranh va cham véi céc vat can 1a cac
dng cho lién két voi cac mat bich. Vi thé can phai tim duong di chuyén téi wu nhat
(ngan nhat) va tranh duoc cac vat can.
Bai toan tdi vu tim quang dwong di chuyén ngan nhit hoic thoi gian di
chuyén nho nhat ma robot di tir diém bat dau (Start) dén diém két thic (Target) sao
cho robot tranh dugc 03 vat can (Cac mat bich trén thanh bdn chira) twong tng voi

cac dién tich khéng phai quét la mau xanh 1a cay trén hinh 3.1.

—1° D -
- L .
- I Lo |
A P | *
il . Target .
Do | Do
I b - -
- | N
e : e
o | o
N e N
I 13 [
K ! B
K | B
N 2 | N
T | 'O : N
D 2 | Do
Hi ° b
R Qs N
- 1 oo
N . N
4 i =4
g ~ N
K | N
v D .Start | ii
] l/ ]

Hinh 3.1: Mb ta bai toan tbi uu toan cuc trén bdn chua
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Ham muc tiéu cua bai toan: y = f(x) — min
Khi robot di chuyén tir diém 0 (Pg) dén diém muc tiéu T (P1) va tranh duoc cac vat
can 1, 2, 3 va do bai toan nay 1a cac vat can da biét cho nén viéc xac dinh quang
duong di chuyén ngan nhat (shortest path), bang phang (smoothness path) va an
toan (safety path) co 3 truong hop xay ra:

- Trudng hop 1: Robot di chuyén tir Py — Py; — Py

- Truong hop 2: Robot di chuyén tir Py — Py, — P, — Py

- Truong hop 3: Robot di chuyén tir Pg — P15 — Pt

A
y Pr

% Target

Py

Y11 // 3
P P

Vio 12 2/
/ & / /

/ ©
Y13 1

/ Pis

0 x X X
Start 11 12 13

Xy

Hinh 3.2: Phuong an robot di chuyén tranh vat can
Ta goi toa d6 cua diém cuaa 2 diém lién ké nhau 12 Pi(Xi, Vi) VA Pis1(Xis1, Vi),

quang duong S; cua 2 diém lién ké nay duoc tinh theo cong thirc nhu sau:

Siint = v (Kirr — %)% + ig1 — ¥1)? (3-1)

Vay tong chiéu dai cia quang dudng can di chuyén cua robot sé la:
S=5+-+5, =Z?=1Si'i+1 i=1,...,n=2) (3-2)

Vay, Ham muyc tiéu cua bai toan s€ l1a: y = f(x) =S — min
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3.2 Giéi thiéu ciac phwong an di chuyén

Dé thu thap hinh anh mon cho mot dién tich quét cu thé xac dinh trudc da
duoc phan manh, robot mang dau quét can phai di chuyén sao cho dau quét quét hét
dién tich nay. Bé anh mon thu thap duoc c6 thé duoc ghép lai véi nhau hinh thanh
nén ban ¢ mon thi bién anh mon nén cé bién dang thiang (gitp d& nhan dang, dé
thuc hién ghép anh ty dong). Do vay, khi quét dé thu thap anh mon c6 bién thang
robot can phai di chuyén theo phuong thang dung (hinh 1a), phuong ngang (hinh
1b) hoac xién (hinh 1c).

[B] oy
A
[A]
(0,0) (x,0)
[A] ©.0)
a) Robot di chuyén theo b) Robot di chuyén theo c) Robot di chuyén theo
phirong thing dimg phuong ngang phuong xién

Hinh 3.3: Hudng di chuyén caa robot
Khi hoan thanh quét thu thap dir liéu anh mon caa duong quét thir i, robot sé
phai di chuyén vé vi tri khoi dau cua duong quét (i+1). Nhu vay, ngoai quang
duong di chuyén quét thu thap anh c6 ¥ nghia thi robot con phai di chuyén khdng
quét dé dua dau quét vé vi tri bat dau cua duong quét ké tiép. Quang duong di
chuyén khéng thu thap hinh anh con goi la quang duong di chuyén phu va robot s&

¢6 thé di chuyén theo nhiéu phuong an khac nhau (hinh 3.5).
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LA P—»

DPudng DPudng
quét thir quét thir
i i+1
(o] [
a) Di chuyén thang b) Di chuyén xién
Hinh 3.4: Cac duong quet Hinh 3.5: Quang dudng di chuyén phu

thu thap anh mon

3.3 Bai toan tim thoi gian di chuyén

Bai toan dit ra a can tim duoc quang duong di chuyén caa robot sao cho la
ngin nhat, hay néi khac di thoi gian di chuyén caa robot trong qué trinh hoat dong
quét thu thap anh mon 1a ngan nhat. Goi qua trinh hoat dong quét thu thap anh mon
cho 1 dudng quét, robot di chuyén tir diém dau dén diém cudi va di chuyén vé diém
dau caa duong quét ké tiép, 1a mot chu ky quét. Do vay qua trinh hoat dong quét thu
thap anh mon cho mét dién tich xac dinh truéc s& bao géom nhiéu chu ky quét. Biéu
nay c6 nghia 1a qua trinh hoat dong quét thu thap anh mon ngan nhat ciing dong
nghia voi thoi gian cho mét chu ky quét 1a ngin nhat va day ciing 13 muc tiéu cua
bai toan.

Do vay, bai toan duong dan c6 thoi gian ngan nhat tong quét ¢ thé dugc mo
ta:

y=1f(X) — min

Gia st rang, trudng hop tong quat robot di chuyén nhu ¢ hinh 3.5a, chu ky
quét bat dau khi robot di chuyén tir diém nat 0 di qua cac diém nat 1, 2, 3, 4, 5 (chu
ky thir nhat) va diém 5 sé& 1a diém bat dau chu ky quét the hai. Cac diém nat 1, 2, 3,
4 13 nhimg diém chua biét va c6 thé thay d6i trong qua trinh di chuyén phu thuoc

vao goc xoay o.
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ts2
ol

ts1 ts3

a) Mét chu ky quét b) Robot quay 1 goc a
Hinh 3.6: Thoi gian cho 1 chu ky quét
Toa do diém nat 0: (0,0)

Quang duong di chuyén tir diém 0 dén diém 1:

+ Chiéu dai quang duong s1 (mm)

+ Van téc di chuyén vl (mm/s)

+ Thoi gian di chuyén tqy =s1/v(s)
Quang dudng di chuyén tir diém 1 dén diém 2:
+ Chiéu dai quang duong s2 (mm)

+ Van téc di chuyén v2 (mm/s)

+ Thoi gian di chuyén ty, =52 /v2 (S)
Quang duong di chuyén tir diém 2 dén diém 3:
+ Chiéu dai quang duong s3 (mm)

+ Van tdc di chuyén v3 (mm/s)

+ Thoi gian di chuyén t3 =53/ V3 (S)
Quang duong di chuyén tir diém 3 dén diém 4:
+ Chiéu dai quang duong s4 (mm)

+ Van téc di chuyén v (mm/s)
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+ Thoi gian di chuyén te = 54/ V4 (S)

- Quang duodng di chuyén tir diém 4 dén diém 5:

+ Chiéu dai quang duong s5 (mm)
+ Van téc di chuyén v5 (mm/s)
+ Thoi gian di chuyén ts =S5/ V5 (5)

Ta goi toa do cua diém cua 2 diém lién ké nhau 12 pi(Xi, Vi) VA Pis1(Xis1, Yis1),
quang duong s; caa 2 diém lién k& nay duoc tinh theo cdng thire nhu sau:

Si = \/(xi+1 = %)%+ (Vigr — Yi)? (3-3)

Vay téng chiéu dai cua quang duong can di chuyén cuaa robot trong 1 chu ky

quét s¢ la:
S= S+ +s, =21 (=1,..,n=5) (3-4)
Trong qua trinh di chuyén, & cac diém nat 1, 2, 3, 4 robot sé thuc hién xoay
mot goc aj. Goc xoay o; 1a boi s6 ciia goc quay co ban (og,) cua robot (co gia tri theo
dic diém thiét ké cua robot), nghia la:
0 = a.0cp (3-5)
Trong do:
- Ogp : g6C x0ay co ban
- a: hingsb,ae N
Ta thay, quang dudng di chuyén caa robot bao gom hai loai chuyén dong:
- Chuyén dong thang
- Chuyén dong xoay
Trong d6, chuyén dong thang cia mot doan duong thang cé thé duoc phan tich
ra lam 3 giai doan:
- Giai doan tang tbc, v; (m/s): giai doan nay robot bat dau di chuyén tir diém
dau
- Giai doan 6n téc, v, (m/s): robot dang trén hanh trinh di chuyén dén diém
cudi
- Giai doan giam téc, vy (m/s): robot dang di chuyén vé diém cudi va chuan

bi thuc hién quang duong ké tiép.
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Van tbc trung binh cua robot di chuyén trén mot doan thiang dugc tinh
theo cong thuc:
Vi = (Vi + VotVg)/3 (mmY/s) (3-6)
Véi chuyén dong xoay, dé tinh duoc thoi gian xoay (quay) cua robot ta thyc
hién nhu sau:

- Thoi gian caa robot xoay quanh mot diém duoc xac dinh qua ban kinh tir

tam robot dén tim banh xe phia trudc va duoc tinh theo cong thirc:
R?= A%+ B? (mm) (3-7)
- Khi robot xoay 1 géc o ma khong di chuyén s& tao nén cung L dugc tinh

theo cong thuc:

L==""= (mm) (3-8)

360
- Nhu vay, thoi gian xoay t, caa robot tai mot goc o; bat ky (ma khéng di
chuyén) s& la:

- 2m.R. a;
o p,;.360
- 2n.R.a.ag,
% Vyi. 360

Tong thoi gian di chuyén caa robot cho mét chu ky di chuyén duoc tinh theo

(3-9)

cong thtc:
t=Yt, +Xt, (3-10)
Trong do: Dty =ty +tey +teg +tey + tes
+ t -tong thoi gian di chuyén cuaa robot
+ Xt - tong thoi gian robot di chuyén qua cac diém lién ké qua quang duong s
+ Xty - tong thoi gian robot xoay
3.4 Thuét toan toi wu bay dan PSO
3.4.1 Gigi thiéu thuat toAn PSO
Thuat toan ti uvu bay dan (Particle Swarm Optimazation, PSO) duoc James
Kennedy va ky su Russell C. Eberhart gigi thiéu vao nam 1995 tai mot hoi nghi caa

IEEE [21]. Thuat toan c6 nhiéu tng dung quan trong trong cac linh vic doi hoi phai
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giai quyét cac bai toan tbi vu héa. Co ché cua thuat toan téi vu PSO c6 thé md ta
mot cach don gian qua qua trinh tim kiém thirc an ciia mot dan chim. Bay chim tim
kiém thirc an trong mot khdng gian 1a toan bo khong gian ba chiéu ma dan chim
dang sinh song. Tai thoi diém bt dau tim kiém ca dan bay theo mot hudng nao do,
c6 thé 1a rat ngau nhién. Tuy nhién sau mot thoi gian tim kiém mot s ca thé trong
dan bat dau tim ra duoc noi c6 chira thie an. Tuy theo sé lwong thirc dn vira tim
kiém, ma ca thé tim duoc thire an s& gui tin hiéu lan truyén dén céc cac ca thé khac
dang tim kiém & ving 1an can. Dwa vao thdng tin nhan dugc, mdi ca thé s& diéu
chinh hudng va van tdc theo hudng vé noi c¢6 nhiéu thire dn nhat. Co ché truyén tin
nhu vay thudng dugc xem nhu 13 mot kiéu cua tri tué bay dan gitp ca dan chim tim
ra noi c6 nhiéu thirc an nhat trén khong gian tim kiém vo cing rong I6n. Nhu vay
dan chim da dung tri tué, kién thirc va kinh nghiém cua ca dan dé nhanh chong tim
ra noi chtra thac an.
PSO 1a dugc khoi tao bai mot nhém ngau nhién dé 1a vi tri cac diém node sau

d6 tim kiém giai phap t6i wu bang viéc cap nhat cac thé hé, trong mdi thé hé mdi
diém nat 12 dwoc cap nhat boi hai gié tri [39]:

— Pbest: la nghiém tét nhat dat duoc cho dén thoi diém hién tai

~ Gbest: 1a nghiém tét nhat ma node 1an can node nay dat duoc cho téi thoi

diém hién tai.

y X§c+1

sl /

Hinh 3.7: Thay d6i diém tim kiém cua PSO [39]
Trong do:
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k: sb 1an lap

- VE: van toc ciia node i tai vong I3p thir k

- W: trong s6 quan tinh.

- €y, Cp: hé sb gia toe

- rand (): 1a mot s6 ngau nhién trong khoang (kich co cum, kich cé bai toan)

- X[ vitri ciia node i tai vong lap thir k

- Pbest/;: vi tri tot nhét cia node thir i

- Gbest/;: vi tri tét nhét cia node trong ké hoach duong dan

Ham van téc (chuyén dong cua mdi ca thé 1a tong hop cua 3 chuyén dong)
[40], [41]:

Vim = W.Vim + ¢ *rand() * (Pbest;;m — xim) + 5 * rand () * (Gbest; ym — Xim)
Ham vi tri:
Xim = Xim +Vim

Ham muc tiéu hay ham thich nghi hay ham danh gia F(x) 1a ham mé ta yéu
cau cua bai toan can dat téi. Him nay dung dé danh gia cac 10i giai caa bai toan.
TUy vao bai todn khac nhau, ham muc tiéu s& khac nhau. Bang cach danh gia va so
sanh giai phap hién tai véi giai phap tot nhat, cac ca thé s& xac dinh budc di tiép
theo. Ba giai phap (vi tri) tot nhat 1a: t6t nhat ca nhan (Pbest), tét nhat toan cuc
(Gbest) va tét nhat cuc bo (Lbest).

3.4.2 Xay dwng ham muc tiéu

Thuat toan t6i wu bay dan PSO &p dung dé tim toa do cua 4 diém trung gian
[1(X1, Y1), 2(X2, V2), 3(Xs, Y3), 4(Xa, V)], Sa0 cho thoi gian di chuyén tir toa do dau
0(Xo, Yo) Va cudi 5(Xs, ys) la it nhat véi rang budc goc quay dau cua robot 1a mot sé
nguyén lan a cua 45° trong 1 dudng quét.

Vay ham muc tiéu y = f(X) ma robot di chuyén cho 1 chu ky duoc xac dinh

nhu sau:

F0 =31, (i)+

4
i=1 i=1

(1) X =X Y2 X0, Yo% Vs X Ve ] (3-11)

f(X) = tsl + tsZ + ts3+ ts4+ tsS"’txl + tx2 + tx3 + tx4
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2m.R.a.acp 2m.R.a.acp 2m.R.a.0cp 2T.R.a.0cp

fX)=2 424342245y
121 %) VU3 Vg Vs Vy1.360 Vy2.360 Vx3.360 Vy4.360
Nhu vdy, md hinh bai toan dé robot di chuyén c6 thoi gian ngan nhat dugc
xac dinh nhu sau:

L) y=f)=Yr ty+3%,t; > Min

Si 2m.R.a.a
(2) ts, == by, = = 0 = a.0cp
l Vi l Vyi.360

3.4.3 Giai thuat PSO

Kich thuéc quan thé 1a N va mdi cé thé co D dic tinh, D chinh Ia toa d6 cua 4
diém trung gian.

Nghiém khoitao la: X = [Xq, ..., X, ..., Xy 1=1,2, ...,N

Dic tinh ctia méi ca thé: X; = [Xi1, ..., Xij, ..... Xipl; j=1,2,..., D=8

Thuat todn PSO thuc hién hanh vi tim kiém dwa vao vi tri t6t nhit ma né da
timg dat duoc cho téi thoi diém hién tai (Pbest) va vi tri tét nhat trong tat ca qua
trinh tim kiém ca quan thé tir trudc t6i thoi diém hién tai (Gbest), ma quyét dinh vi
tri tiép theo cua ching trong khdng gian tim kiém. Ngoai ra, vi tri mgi con phu
thudc vao hai hé sé gia téc (1 va ¢,) va hé sé quan tinh (w). Trong do, ¢, Va ¢, duoc
lya chon ngau nhién trong khoang [0, 2] va w duoc lya chon trong khoang [Wiin,
Winax]-

Van toc ban dau cia quan thé duoc ky hiéu 13 V = [V4, Vs, . ., Vi]. Do do,
van téc caa mdi ca thé X; (i =1, 2, ..., N) laV; =[Vi1, Via . . ., Vip]. Cac budc
khac nhau cua PSO [24], [41, 44] nhu sau:

Wmax & and ©2 cua thuat

- Budc 1: Thiét 1ap cac gia tri cac bién ban dau Wmin
toan PSO.

- Budc 2: Khai tao quan thé sb diém nGt cho vi tri X, van téc V

- Budc 3: Thiétlap sé lan lapk =1

- Budc 4: Tinh toan cac ¢4 thé phii hop F* = f(x}),"i va tim kiém ca thé c6
chi s6 tot nhat b.

k— yk wj kK _ yk
- Budc 5: Lya chon Pbest; = X', "i VA Gbest" = X,

73



- Budc 6: Xac dinh w=w,,, - k™ (W, - Wiyin )/ Maxite
- Budc 7: Cap nhat van toc va vi tri caa céc ca thé
VEt =w Ve rand() (Pbest - X\ )+ c,” rand( ) (Gbestf- X[ ), "jand "i
Xt = X+ vkt mjand i
- Buéc 8: Panh gia F“= f(x%),"i va tim kiém ca thé c6 chi s6 tot nhat b,
- Budc 9: Cap nhat Ppeg ciia quan thé »i

Néu Fik+1< F-k thi Pbestik+l= Xik+l

. k+1 _ k
, nguoc lai Pbest;”" " = Pbest;

- Budc 10: Cap nhat Gbest trong quan thé
Néu P < o' gy Gbest™ = Phest™ s ) - b, nguoc lai Gbest**! = Gbest*
- Budc 11: Néu k < Maxite thi k= k+ 1 va trd lai budc 6 nguoc lai tiép tuc 12
- Budc 12 : In giai phéap ti uu véi Ghest*
Tir cac budc cua thuat toan PSO da duoc xay dung, luu dd giai thuat
PSO duoc tém tat va trinh bay ¢ hinh 3.8.

74



.
'T]:uét ]'é'P: “.ﬂ'_'ill: “‘.ILEH: |:].: C:
W
Ehéitao quantha N, XV
L
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Néu Ff*! < FF; cap nhit Phest
¥
Neu Fit < FF; cap ohit Gbest

W

v

Sal - i
Méu k = harit=

/ Xuat két qua vdi Ghest /

Hinh 3.8: Luu db xé4c dinh cac diém trung gian ¢ng dung PSO

3.4.4 M6 phéng thuat toan PSO

Dé tim gia tri toi wu cho ham muc tiéu ciing chinh 1 thoi gian di chuyén ngan
nhat cua robot cho mét chu ky quét, Ham muc tiéu phu thudc vao cac théng sb nhu:
W, Cy, Cy, kich thuéc quan thé N. B4i véi bai toan téi vu str dung thuat toan PSO, gia
tri cac tham sb téi uu da duoc khao sat 1a: w=0.4-0.9;¢c,=1-2; ¢, =1 - 2 [42],
[43,44]. Bang 3.1 Trinh bay két qua khao sat gia tri tham sb cua thuat toan PSO.
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Bang 3.1: Két qua trinh bay khao sat gia tri hé sb cua thuét toan PSO

Trwong hop w C1 C2 f(X)
1 0.4 1.5 1.5 159.8846
2 0.5 2 2 159.8183
3 0.6 1.8 1.8 159.8143
4 0.7 2 2 159.8248
5 0.6 2 2 159.8045
6 0.9 1.8 15 159.8941
7 0.8 2 2 159.8440
8 0.6 2 1.8 159.8142
9 0.7 1 2 159.8346
10 0.5 1 2 159.8243

Dua vao bang 3.1, trudng hop 5 cho gié tri muc tiéu nho nhat, nén céc thong
s6 duogc lya chon dé md phong ham muc tidu s& law = 0.6, ¢, = 2, ¢, = 2.

V6i dic diém van hanh cia robot va diéu kién thuc té khi siéu &m PA dé c6
duoc chit lugng hinh anh siéu &m tbt nhat, ta chon van téc trung binh cua robot 1a
v=35 mm/s, van tdc Xoay cua robot la v = 20mm/s.

Két qua duoc md phong véi mot chu ky quét trén dién tich du kién thi nghiém
quét 1a 1000x1000, c4c gia tri quan thé N dugc md phong 1a 50, 100, 150, 200, 250
s6 lan lap cho mdi quan thé 1a 50 lan. Két qua duoc trinh by & bang 3.2.

Bang 3.2: Két qua khao sét gia tri N

STT N S6 1an lap k f(x) trung binh
1 50 50 1.0007e+05
2 100 50 1.4007e+05
3 150 50 4.0079e+04
4 200 50 6.0076e+04
5 250 50 2.0080e+04

Dua vao két qua & bang 3.2 cho thay gia tri ham muc tiéu tot nhat c6 cac gia tri
N = 250, f(x) = 2.0080e+04; Puong dic tinh hoi tu khi thuc hién cac sé lugng quan
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thé khac nhau dugc trinh by & cac hinh 3.9.

x10° Gia tri ham muc tieu tot nhat trong moi the he

7

N=50
N

= N=100
N=150

e N=200
— \=25()

ol =z
—

Gia tri ham muc tieu f(x)
n w e
o
/

N\ AN

,_‘
|

[ [ [ [ [ [
0 2 4 6 8 10 12 14 16 18 20
The he

o

Hinh 3.9: Buong dac tinh hoi tu trung binh [45]

Véi cac két qua khao sét cac hé s w, ¢y, ¢y, kich thudce quan thé N. Két qua
mé phong cho thdy duong dan khéng dugc min (tron tru) 1a do anh huéng cua hé sb
a, nén khi thuc hién khao sét véi cac hé sé khac nhaua=1, 2, 3, 4, 5, 6, 7 cho thay
rang, duong dan ngan nhét s& c6 nhiéu gié tri khac nhau va duoc trinh bay & hinh
3.10, 3.11, 3.12.

Néu giam hé sé a = 1, 2 thi két qua s& la hinh 3.12, ciing c6 thoi gian di
chuyén ngin nhat la f(x) = 115.9411 (s); Két qua nay ciing cho thay rang quang
duong c6 d6 min hon so vai két qua hinh 3.10 va 3.12.

Vi vay dé lya chon phuong an di chuyén thdng qua khao sat va mé phong cac

hé s6 ta chon phuong an di chuyén duoc trinh bay & hinh 3.11.
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Vitri | X y 1400 - |
0 0 0
1200 - -
1 0 1000
2 50 | 1000 100 !
3 250 0 800 | 4
>_
4 50 '50 E 600 | _
5 50 0
400 | -
He¢ s6 Giatri 200k ]
w 0.6
3 i
Cy 2 0
_200 r r r r L
C, 2 0 100 200 300 400 500
Truc X
N 250
f(>x)min 159.8045

Hinh 3.10: Phuong 4n di chuyén véihé sba=1, 2,3, 4,5, 6, 7 [45]

Vitri | x y 1200 -
0 0 0 100(ll—l2
1 0 | 1000
2 250 | 1000 800
3 250 | -50 - eool
4 | 50 | 50 2
400 |-
5 50 0
Hesd | Giatri 20!
W 0.6 i | =5
0 4 3
Cq 2
-200 r r r r :
C 2 0 100 200 300 400 500
2 Truc X
N 250
f)min | 115.9411

Hinh 3.11: Phuong 4n di chuyén véi hé s a = 1, 2 [45]

78



Vitri | X Y 1400 k- l
0 0 0
1200 -
1 0 1000
100 -
2 250 | 1250
800 | -
3 350 | 250 >
4 | 50 | 50 Sl I
5 50 0 400f l
200 | -
Hé so Giatri ] "
w 0.6 200 r r r r
0 100 200 300 400 500
Cl 2 Truc X
Co 2
N 250
f(X)min 165.7082

Hinh 3.12: Phuong an di chuyén véihé sba=1, 2, 3, 4, 5, 6 [45]

3.4.5 Pé xuit phwong an quét dua trén két qua PSO

Dua vao két qua md phong thuat toan tdi wu PSO, véi cac théng sé da xac
dinh duoc 1a w, cl, ¢2, kich thuéc quan thé N, hé s6 a = 1, 2 thi ham muc tiéu cho
két qua tdi wu nhat. Phuong 4n quét tdi uvu duoc dé xuat trinh bay & hinh 3.11.

3.4.6 Thir nghiém robot theo phwong 4n di chuyén tim dwoc

Véi phuong an di chuyén ciia robot duge dé xuat ¢ hinh 3.11, dé xac dinh kha
ning hoat dong va do tin cay cua robot theo phuwong 4n nay can thuc nghiém dé xéac
dinh ham muc tiéu theo md phong PSO va so sanh véi thoi gian di chuyén thyc té
trén mo hinh bon chua.

Trong phan thir nghiém nay chu yéu 1a xac dinh thoi gian di chuyén cho mot
chu ky cta phuong an quét duoc dé& xuat. Ngoai ra vé vi tri, van téc da duoc kiém
nghiém & chuong 2.

Dé thir nghiém c6 d6 tin cay tét, cong viéc thuc nghiém duoc tién hanh 3 1an

véi s6 lan lap 1a 3.
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e) Robot di chuyén tir 4-5
Hinh 3.13: Robot di chuyén theo phuong an cua thuat toan PSO [45].
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Bang 3.3: Két qua thir nghiém robot chay trén mé hinh thyc té.

Thi nghiém f(x) md phéng Thoi gian di

chuyén thuc té
t(s)
116.54
117.96
118.98
117.98
115.94 117.98
118.94
116.84
118.77
118.00
Trung binh 115.94 118.00 + 1.86

STT | Lip

N
W N P W N P W N -

Dua vao bang dir liéu (bang 3.3) ta cd thé thay Ia sai léch vé thoi gian di
chuyén trung binh qua 3 lan Iap so véi thoi gian md phong bang thuat toan PSO la
0.217 %. Két qua thuc nghiém cho phuong an di chuyén duoc dé xuat co sai léch vé
thoi gian khoan 0.217% da ching to robot di chuyén cd sai léch nho so véi thai gian
mo phong. Két qua so sanh nay 1a diéu kién dé xac dinh robot c6 kha ning hoat
dong tot va 1am co s cho viéc thuc nghiém trén md hinh bon chira nham phuc vu
thi nghiém quét mot phan dién tich trén mo hinh bon chira [45].

Nhu vay, qua thuc nghiém kiém nghiém db tin cay khi robot di chuyén theo
phuong 4n cua thuat toan PSO di duoc dé xuat cho mét chu ky trén mé hinh thi
nghiém cho thay do léch vi tri, thoi gian di chuyén la thip. Bai toan tim thoi gian di
chuyén ngan nhat phi hop phuong phap kiém tra siéu am PA, véi diéu kién lam
viéc cua robot, da lya chon duogc cac hé sé w, ¢, ¢y, kich thudc quan thé N, hé sé a

dé dat duoc két qua tdi uu.
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Chuong 4
NGHIEN CUU XAY DUNG BAI TOAN GHEP ANH MON

4.1 Nghién ciru xay dwng bai toan ghép anh
Viéc xay dung ban ¢6 mon la str dung cac dir liéu hinh anh ciia phuong phap
kiém tra siéu am PA dé hinh thanh nén cac anh d6 hoa mau vé hinh dang bén trong

vat thé do. Qua trinh tao dung ban d6 mon dugc mé ta & hinh 6.1.

M hinh bon Thiét bj siéu Hinh anh thu thap Ban d6 mon
chira bi an mon am PA tur siéu am PA

I Matlab program

Hinh 4.1: M6 ta hé théng tao dung ban d¢6 mon [46]

Ban d6 mon (ban d6 an mon) 1a mot anh s6 hoa bé mat cua vat thé do cung
cap cac théng tin vé vi tri (toa do), chiéu day vat liéu qua mau sic. Co thé xac dinh
va tao Iap ban ¢6 mon cho mét khu vuce dn mon hoac tong thé toan bo vat do.

Ban d6 mon phuc vuc cong viéc danh gia mot cach chi tiét va chinh xac do
mon & bat ky vi tri ndo cua vat do. Ban dd6 mon tong thé 1am co so luu trix, dinh vi
vi tri mon, theo ddi dinh ky kiém tra qua trinh mon cua vat do, tiét kiém chi phi do
kiém cho lan kiém tra ké tiép.

Qua viéc danh gia ¢6 mon hoac chiéu day vat liéu con lai caa vat do, co thé
khuyén nghi cho don vi str dung mirc d6 an mon thong qua tiéu chuan an toan, tiéu
chuan str dung API 653 [28] dé so sanh danh gia nham phuc vu cdng tac bao tri bao
dudng.

4.1.1 Hinh anh va qua trinh xi ly anh

4.1.1.1 Anh mon C-Scan

Anh mon C-Scan thu thap duoc tir cdng nghé kiém tra siéu am t6 hop pha

(PAUT) duoc ghi lai duéi dinh dang Bitmap c6 thé 1a kiéu Graphics Interchange
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Format (GIF), Joint Photographic Experts Group (JPEG), Portable Network
Graphics (PNG). Anh mon C-Scan c6 thé dugc xem la kiéu anh duogc dinh chi sé
(Indexed Images), nghia 1a dwoc biéu dién bai hai ma tran gom ma tran di liéu X va
ma tran ban d6 mau:

- Ma tran dix liéu X thuong c6 kiéu dir liéu uint8/unitl8/double véi gia tri cua
mét phan tir cho biét mau cua diém anh d6 13 mau nam & hang nao trong ma tran
mau.

- Ma tran mau (ban d6 mau) c6 kich thudc mx3 vai cac phan tir ¢ kiéu dir
licu double va mién gia tri thuc [0, 1]. Mdi hang cua ma tran xac dinh cdc mau
thanh phan red, green, blue trong téng s6 m mau duogc sir dung trong anh.

4.1.1.2 Anh nhi phan

Trong mot anh nhi phan, mdi pixel chi c6 thé chira mét trong hai gia tri nhi
ph&n 0 hoac 1, hay ndi cach khac mét anh nhi phan duoc luu trir nhu mot mang
logic cua 0 va 1. Mac xam l1a két qua sy mé hoa twong tng mot cuong do sang cua
mdi diém anh voi mot gia tri s6 nho vao két qua caa qua trinh luong tir hda. Mic
ma hoa 256 1a phd dung nhat vi mdi pixel ¢ thé duoc ma hoa béi 8 bit. Anh nhi
phan dau ra 1a hinh anh logic den trang dugc chuyén doi tir hinh anh dau vao bang
cach str dung phuong phap trung binh hoic phuong phap trong sé khi can dat duoc
do nét cao hon [T]:

- Phuong phap trung binh: lay gi4 tri trung binh theo déng gop clia cac mau
R, G, B. Nghia 1a 33% mau do (R), 33% mau xanh I& cay (R), 33% mau xanh da
troi (B):

Thang o xdim=(R+ G+ B/ 3)

- Phuong phap trong s6: lay giam su dong gop cua mau do ®, ting sy dong
gop cua mau xanh la cay (G), va dat sy dong gop cta mau xanh da troi (B) vao gitra
hai mau nay. Nghia 1a, do (R) dong gop 30%, xanh luc (G) dong gdp 59%, va xanh
da troi (B) dong gop 11%:

Thang d6 xam = ((0,3 *R) + (0,59 * G) + (0,11 * B))
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4.1.1.3 Qua trinh xir ly anh

Qué trinh xtr ly anh bit dau tr viéc thu nhan anh tir thiét bi quét, camera,...
gui dén may tinh. Tiép theo 1a qué trinh s6 hoa (digitalizer) dé bién dbi tin hiéu
tuong ti sang tin hiéu roi rac (ldy mau) va sé hoa bang luong héa, truée khi chuyén
sang giai doan xu ly, phan tich hinh anh [59].

Qua trinh phan tich hinh anh thyuc chat bao gom nhiéu cong doan nho nhu: Cai
thién va nang cap anh, phét hién va tach bién anh, phan ving anh va xt ly anh nhi
phan dinh huéng muc dich tng dung xu ly anh [59, 60]. Qua trinh xir ly anh duoc
mo ta theo hinh 4.2,

Hinh anh thu thap
(n anh)

v

Chuong trinh

xu ly anh
Ban do mon Phén tich ban Ban do mon
Binary do mon RGB
Vi tri Do sau Dién tich

Hinh 4.2. M0 ta qua trinh xi ly anh

Trong hau hét qua trinh xi ly anh, cha yéu chi quan tam dén cau tric caa anh
va bo qua anh husng cua yéu té mau sic. Do dé, buéc chuyén tir anh mau thanh anh
xam la mot cong doan pho bién trong cac qua trinh xir Iy anh vi n6 lam tang toc do
xtr ly 1a giam mirc do phirc tap cua céc thuat toan trén anh. Ta c6 cong thirc chuyén

cac thong sb gia tri mau cta mot pixel thanh mic xam twong tng nhu sau:

G=0.Cr+B.Co +8.Cp

Trong d6 céc gia tri Cg, Cg Va Cg lan luot la cac mirc do dong gop ciia mau do
(R), xanh luc (G) va xanh da troi (B) cua pixel mau. Cac hé sb a, B, va & 1a cac gia

tri thay doi tiy thudc hé mau.
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4.1.2 Phan tich, danh gia dir liéu hinh anh thu thap dwoc

Dua vao dit liéu anh mon thu thap dugc ta c6 mot sé nhan xét sau [47]:

— Dt liéu anh c6 chat lugng tdt, dat 640 x 480 pixels;

- Chiéu dai anh mon phu thudc vao chiéu dai quét, chiéu rong phu thudc vao
do mo dau do;

— Tha ty anh thu thap duoc sap xép theo thi tu, lién ké nhau;

— MQdi anh duoc dat 1 tén c6 chira s6 thi tu;

~  S6 lwong anh mon thu thap duoc tiy thudc vao sé dudng quét.

4.1.3 Phuong an quét thu thap anh mon

Dua vao phuong an do kiém da duoc xac dinh, dé dé dang cho cong viéc ghép
anh phuong an quét khi cho robot mang dau do siéu &m thu thap dir liu mon duoc
cai tién nhu sau:

~ Céc duong quét duoc thiét ké va diéu khién sao cho anh mon cé phan anh &
bién trung nhau.

— Anh duong quét thir (i) s& c6 phan bién anh bén phai (dai anh bién phai)
gidng véi phan anh bién bén trai (dai anh bién trai) cia anh duong quét (i+1).

— Dai anh bién phai caa anh thu (i) va dai anh bién trai caa anh tha (i+1) duoc
sir dung dé so khop va ghép anh.

~ Bé rong cua anh s& phu thudc vao bé rong cua dau do sir dung.

— Chiéu cao cua anh s& phu thudc vao chiéu cao quét duoc cai dit trude trén

robot.
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;\a’l S2 . Anh Anh
A A ! )2 duong duong
quét thir quét thr
s1 (i) (i+1)
wan el < Dai anh Déi anh
’ bién phai bién trai
cua anh cua anh
thur (i) thir (i+1)
[o] [5]
od \
/ ; s4 :
o
H1
a) Phuong dan do b) Bién cua anh mon

Hinh 4.3: Tinh chat cua cac anh mon thu thap duoc khi quét

Véi cac dac tinh trén caa anh mon, cac thong sé dau vao dé thiét ké phan mém
ghép anh dugc xac dinh nhu sau:

Chiéu rong, chiéu cao caa cac anh vé co ban 1a giéng nhau. Chiéu rong cua
anh biang nhau do phu thudc vao d6 md dau do, chiéu cao c6 thé ngin/dai hon
khong qua 10 mm (do khi quét anh chiu tac dong cua gié va luc trong truong khi
Ién cao).

— Anh c6 d6 phan giai 640x480 pixels (thiét bi siéu am OmniScan MX2).

— Chiéu rong anh: 25, 40, 45, 53 mm (46 mo dau do).

~ Chiéu cao anh: xac dinh trudc dya vao tinh ning cua robot va chiéu cao cua
bon (chiéu cao thuc té cua robot di chuyén khi quét di liéu mon).

~ Bé rong dai anh ¢ bién trai/phai theo phuong dai (dtng) 1a 5 mm duoc sir
dung cho nhan dang.

4.1.4 Phan tich hién trang dir li¢u anh mon thu dwoc

Khi robot di chuyén dé thuc hién cac duong quét do nhiéu yéu té anh huong
nhu sai s6 budc truyén dong,... Nén khoang cach gitra cac duong quét khong dam
bao dugc d6 chinh xac yéu cau gy anh huong khdng nho dén do chinh xac caa ban
d6 mon. Céac truong hop gay sai léch khoang céach gitra cac duong quét cé thé 1a
[47]:
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- Anh mon ciia dwong quét (i+1) chdng lap 1én anh mon dwong quét (i)

O day, anh mon cua duong quét (i+1) s& chong lap mot phan 1&n anh mon cua
duong quét (i) [47]. Nhu vay khi ghép anh dé xay dung ban d6 mon céac kich thudc
c6 khuyét tat mon sé& bi thu nho (hinh 4.4).

-

B

t

B

Anh mon ! i Anh mon

duodng | I duong
quét (i) \i / quét (i+1)

g

b

| |

N

!

Hinh 4.4: Anh mon khi duong quét chong Iap mét phan 1&n nhau [47]
- Anh mon cia dwong quét (i+1) khong giap bién véi anh mon caa
dwong quét (i)
Véi truong hop ndy, dit liéu anh mon tir 2 duong quét (i) va (i+1) khong lién
lac v6i nhau. C6 nghia 13 da danh mat phan mét dir liéu anh mon ¢ ngoai bién phai

anh mon duong quét (i) va bén bién trai anh mon duong quét (i+1). (hinh 4.5)

L
Anh mon Anh mon
duong dudng
quet (i) quét (i+1)

Hinh 4.5: Anh mon cua 2 duong quét khong giap bién véi nhau [47]
Khi gip su ¢ nay, trong thuc té cac ki thuat vién thuong tién hanh khic phuc

bang cach thuc hién bo sung mot duong quét anh mon gitta 2 dudng quét (i) va
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(i+1). Tuy nhién, cch thic nay chi phu hop khi x@ 1y di liéu thi cong va doi hoi

khé& nhiéu thoi gian va cong stc (hinh 4.6).

L

Anh mon o Anh‘mc‘)n
duong quét duong
i 7 +

() N quét (i+1)

N Anh mon

duong quét
bd sung

Hinh 4.6: Anh mon cua duong quét bo sung [47]
4.2 Xay dwng ban @6 mon sir dung phan mém Matlab
4.2.1 Giai thuat ghép anh
Thuat toan ghép anh duoc bat dau vai khung anh tréng, st dung thang do xam
dé doc hinh anh. Cac anh duoc doc, so khép dua vao canh bién va ghép lai véi nhau
tao thanh anh ghép cudi cung goi la ban d6 dn mon.
Pé dé dang cho viéc ghép anh thi cac anh can co kich thudc (dai x rong) dong
nhit voi nhau, khi d6 keh thuéc anh dau vao (input image) duoc xéac dinh:
img[i] = [n[k] m[i]]
trong do:
+ n[k] - Chiéu cao cua anh (pixel)
+ m[l] - Chiéu rong cua anh (pixel)

Va anh dau ra (output image) twong wng s& c6 kich thuéc:

_ [img[l] .. img[n] [[n[k] m[l] .. [n[k] m[l]
img[n] .. img[n] [nlk] m[l] .. [n[k] m[{]
= [Zni[k] Zml[z]]

Véi cac dac tinh trén ctia anh mon, cac thong sé dau vao dé thiét ké phan mém
ghép anh duogc xac dinh nhu sau [48, 49, 50]:
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- Chiéu rong, chiéu cao cua cac anh vé co ban la giéng nhau. Chiéu rong cua
anh biang nhau do phu thudc vao d6 md dau do, chiéu cao c6 thé ngin/dai hon
khong qué 10 mm (do khi quét anh chiu tac dong cua gié va luc trong truong khi
Ién cao);

Ban d6 mon duoc xay dyng trén co s so khop va ghép cac anh mon cua cac
duong quét ké lién nhau s& co hai dang:

- Khéng chong dai bién: anh sau duoc ghép ké lién nhau nghia 1a & vi tri
ghép ndi ta nhin thay 2 dai bién gidng nhau. Truong hop nay anh (ban do mon) s&
khong lién tuc nhung co gi tri dé danh gia viéc nhan dién dé ghép anh c6 chinh xac
hay khong.

- Chong dai bién: anh sau dugc ghép chong dai bién 1én anh trude, nghia 1a &
vi tri ghép ndi dai bién trai caa anh tha (i+1) s& chong 1én dai bién phai cua anh thi
(i). Trudong hop nay anh (ban ¢6 mon) s& lién tyc va 1a ban @6 mon tong thé (dugc

xac dinh néu chuyén vién xac dinh ban dd6 mon khong chdng dai bién 14 dang).

o Ao Akl oo
Hinh 4.7: Ghép anh khdng chong bién va chong bién [47]
V6i cac nghién ctu dugc phén tich mo trén, giai thuat ghép anh duoc trinh
bay nhu sau [51, 52]:

- Budc 1: Khai tao ma tran anh dau vao tir dit liéu anh thu thap duoc trong

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
5

qua trinh siéu &m trén mé hinh bon chira.
- Buéc 2: Lya chon anh tha nhat trong ma tran anh.
- Buoc 3:Choni=1+ n-1

89



- Budc 4: Lya chon anh thar i+1 trong déi anh dé phuc vu so khép

- Budc 5: So khop bién anh bén trai tha i vai bién anh anh bién phai thir i+1,
mdi bién anh tring nhau trong khoang 5mm.

- Budc 6: Néu tring khop thi ghép anh i va i+1, néu khong trang khép thi
thuc hién lai viéc so khap bién anh véi anh khac.

- Budc 7: Néu i < n thi luu va xuét anh Binary.

- Budc 8: Xuit két qua ghép anh RGB.

- Budc 9: Phan tich thdng sé ban d6 mon: vi tri, d6 sau va dién tich mon va
két thdc qué trinh ghép anh.

Véi cac budc tao 1ap ban dd mon, luu dd giai thuat ghép anh duoc trinh bay &

hinh 4.8
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Bit dau

/ Khi tzo ma trén inh diu vio /

Lira chon 2nh thir 1
.\_1_.

41_ 1i=1+n-1
o
Lira chon 2nh +1

L=

50 khop ién anh bén
trai thir 1, tning vor bién
anh bén phat thir ++1

Gai| Chmh sira
: bién Znh
i+l

/ Luu va xuit anh Bmary /
11_.
Chuyén d6i, ghép inh RGR |I

Phan tich anh mon

Hinh 4.8: Luu d6 giai thuat ghép anh
Thuat toan trén phan mém Matlab dugc mo ta nhu sau:
Pau vao (input): - k anh indexed I, duoc trich xuat tir dau do theo phwong doc.

- n, 86 diém anh xép chong tai mép.
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- I, ngudng nhi phan anh.
Pau ra (output): Anh ghép RGB | véi thdng tin vé cac ving quan tim dugc
trich xut.
Thudt toan #ng dung phan mém Matlab:
for (i =1:k) do % Thuc hién qua trinh ghép anh
lk.ree = indexed_to_RGB(ly, % Bién doi anh indexed I, sang anh RGB
[my, n¢] = size (lkrep); % Xac dinh kich thudc anh RGB 1
I_full =merge_function( lxres, Mk, Nk, Np);
% Ghép anh véi sé diém anh xép chong cho trudce
end,
|_binary = RGB_to_binary(l_full, I,);
% Nhi ph&n anh ghép RGB |_full véi ngudng Iy,
| =fill_hole (I_binary); % Phat hién cac ving &n mon trén anh
stats = Image_ region_props(l, ‘Centroid’, ‘Area’);
% Thuc hién phan tich va trich xuat cac viing dn mon.
m = number_count(stats); % Dém s6 lugng ving dn mon.
for (1=1:m) do
% Tinh toan, trich xuat cac thdng sé d6 sau an mon, dién tich ving 4n mon
coord_show(stats.Centroid(i).coordinates); % Toa d6 viing an mon
color_ind(i) = get_color(l.rga(stats.Centroid(i).coordinates));
% Trich xuat mau sic ving dn mon trén anh goc.
depth(i) =color_compare(color_ind(i));
% So sanh mi mau ving an mon véi MA mau chuan
end;
function_show(stats.Centroid.coordinates, stats.Area, depth);
% Hién thi théng tin vé viing an mon.
- Poan ma chuong trinh Matlab trinh bay cong viéc ghép anh xay dung ban
dd mon [53-58]:

clc;clear
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[I0, cmap] = imread([num2str(l) '.gif'], 'frames',6 'all');
RGB 0 = ind2rgb (I0,cmap) ;

anhghep = vertcat (RGB 0, zeros(1,19,3));

Anh = anhghep;

for i =2:30

[I, cmap] = imread([num2str (i) '.gif'], 'frames', 'all');

(o)

% image (I);

(o)

% colormap (cmap) ;
RGB = ind2rgb (I, cmap);
imshow (RGB)
[m,n,p] = size(I);
anhghep moi = horzcat (Anh,RGB) ;
Anh= anhghep moi;
end
imshow (anhghep moi);
imwrite (anhghep moi, 'Anhghep.jpg')

4.2.2 P& xuat chirc ning phan mém ghép anh

Mot s6 chirc ning chinh cta chuong trinh ghép anh can xay dung duogc dé
Xuit nhu sau [59, 60, 61]:

— Chon thir muc (open files): cho phép lua chon 6 dia (ké ca external drive),
chon thu myc ¢é chira anh can thuc hién xa ly ghép anh.

- Thuc hién ghép anh (Corrosion map): thuc hién ghép cac anh trong thu
muc vira chon nham xay dung ban d6 mon anh mau RGB va ban &6 mon anh nhi
phan Binary.

~ Thang mau (colour scale): dung dé so sanh mau véi chiéu day con lai cua
vat liéu hoic chiéu sau khuyét tat bi an mon.

— Thuc hién phan tich an (Image Analysis): thuc hién phan tich ban d5 mon
VGi Cac gia tri nhu: vi tri, d6 sdu va dién tich khuyét tat. Théng sb cua viéc phan tich

anh dugc mo ta ¢ bang 4.1.
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Bang 4.1: Thong s6 vé vj tri khuyét tat, dién tich, chiéu sau khuyét tat

Area Area Depth

Defect | x1 | yl | x2 y2 .
(Pixel"2) | (mm”2) | max. (mm)

1
2

Do s6 hrong anh tir 1000 - 2000 anh, tuy thudc vao kich thudc bé rong anh (do
mé cua dau do) duoc dinh nghia trude (25, 40, 45, 53), nén cd thé chia qua trinh thu
thap di liéu anh mon thanh nhiéu phién 1am viéc (sessions) dé c6 thé giam sé luong
anh mon thu thap dugc xudng khoang 500 anh chtra trong mét thu muc dé tang toc
do xur Iy cua phan mém.

4.2.3 Pé xuat giao dién phan mém ghép anh

Giao dién phan mém ghép anh phai c6 day du cac thong s phuc vu cong viéc
ghép anh nhu: nat chitrc ning vé 6 dia chira cac hinh anh thu thap, nat chtc ning
ghép anh, phan tich anh va cac thdng sé vé toa do X, y caa cac vj tri chi thi mon,
dién tich cac ving bi an mon va do sau 16n nhat khuyét tat mon. Céc chire niang, khu
vuc hién thi ban 6 mon RGB, Binary va cac thdng sé mon theo giao dién cua phan

mém dugc mo ta nhu hinh 4.9 (Code Matlab & phu luc 3).

Ghépanh  Ghép anh ;gif;téﬁh nfs:?]
©hA 0
Chonthu 7= ... RGB nhi phan - ]
muc hinh CORROSION MAP BUILDING PROGRAM \l/ '
é'nh Open file Corrosion Map Binary j_ | ! Image Analy:
< | Dosau
khuyét tat
Vi tri, dién
7 tich khuyét
tat (nixel)
7 o ree——\/j tri, dién
: tich khuyét
T T tat (mm)
2 A S \ N Z Save as Nlo:e N
Ban d6 mon Ban d6 mon Luu ban Tat phan
RGR Binary dd mon mém

Hinh 4.9: giao dién phan mém ghép anh
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CHUONG 5
NGHIEN CUU THUC NGHIEM PO KIEM VA
XAY DUNG BAN PO MON

5.1. Thiét ké, ché tao md hinh bén chita

5.1.1 Thiét ké md hinh bon chira

Dé ché tao toan bo bdn chira xang dau voi duong kinh 30 m va chiéu cao
khoang 14 m dé phuc vu nghién ciu thi khdng kha thi do can ngudn kinh phi rat
I6n. Do vay, dé phuc vu cho qua trinh nghién cau va thir nghiém chuyén dong cua
robot, cong viéc d6 kiém danh gia dd mon bang siéu am PA chi can mét phan nho
két cdu cua bon chtra duoc ché tao theo tiéu chuan API 650 [28]. Vi vay, thiét ké
mét phan nho bon chaa (md hinh bdn chia) véi kich thude chiéu dai 3 m, chiéu cao

3 mva gdc & hai ddu mat gan bang 11,5 da dwoc dé xuit nhu ¢ hinh 5.1.

- L =3000 - )
- | | Céc tam thép i
/N
__ j .- Thanh a0 /|

| Folh

—
—
-
-
—

o
i 1 \ Q
Tam dé 8 ; UC%

a A  —— - L L  —— -
biing thép = L N N N - [N =
™ L[ L A O [ T 1 “ [ I
N [ 4 m

s 6~11,5°

|

.............. |/ ]
\ L e Ak ! 20 Y

O Y Y Y I | 7777, WY

B M A W B

Hinh 5.1: Thiét ké mo hinh bdn chtra
5.1.2 Ché tao md hinh bén chira

Cong viéc ché tao bdn chaa dugc thuc hién qua cac bude sau day:

- Bwéc 1: Thi cdng nén mong bon chira.
Phan méng 1a mot bo phan quan trong caa bon chia vi vay phai ciing virng va
kién cb. Nén méng duoc dao sau dudi long dat va duoc db bé tdng cot thép, bén

trong ¢6 han 1 tim dé bang thép dai 3 m dé han véi cac tam thép phan than bon.
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- Bwéc 2: Thi cong phan than bn.
Céc tam thép (phan than bon) dugc han ndi dat du chiéu dai va dua dén vi tri
tam dé cia mong dé han néi vao mong. Tam thép thtr nhat co kich thude chiéu dai 2
m x cao 1,5 m x day 12 mm, tdm thép th hai c6 chiéu dai 1 m x cao 1,5 m x day
12 mm. Sau khi dat dang vi tri va hiéu chinh xong, tién hanh han néi tim thép nay
Vvé6i tim dé bang phuong phap han FCAW.
- Buwéc 3: Son chdng ri.
Tién hanh son 16p son chdng ri 1én bé mat bdon theo hudng dan trong tiéu
chuan API 650: 2016.
- Buwéc 4: Son phu bé mit bon.
Tién hanh 1am sach bé mat mé hinh bon chua son 16p son phu 18n bé mit cac
tam thép (theo chuan AP1 650: 2016) nhu & hinh 5.2.
:'.]; ' % e

B

u':.ﬁ ‘.L:‘:“'—‘ . O

Hinh 5.2: M hinh bon cht:a hoan thién
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5.2. Thuc nghiém do kiém do mon

5.2.1 Vit ligu va thiét bi thi nghiém

5.2.1.1 Thiét bi siéu &am OmniScan MX2

Thiét b siéu am da bién tr OmniScan MX2 do cdng ty Olympus san Xuat Véi
nhiéu tinh ning manh, kha nang luu trit 16n va truyén di liéu nhanh.

OmniScan MX2 duoc tich hgp cac phan mém NDT SetupBuilder va OmniPC
cho phép thuc hién tat ca cac budc chuan bi can thiét cho viéc kiém tra ciing nhu
thuc hién kiém tra bon bang cach diéu khién va hién thi truc tiép trén OmniScan
MX2 hoac trén may tinh [34].

Thiét bi siéu 4m duoc lya chon [a OmniScan MX2 cho phép thuc hién cac
chtrc nang kiém tra thi cong hoac ban tu dong. C6 thé sir dung véi rat nhicu dau do,

ném, b6 quét va cac phu kién.

Thong s6 ky thuat
Kich thudéc chung

- (Dai x Cao x Day) 325%235%130 mm
Khéi liong 3,2 kg
D6 mé dau do 32 bién ti
Sé liong bién tir 128 bién tir

Dang quét

Quagt va tuyén tinh

D¢ phén giai

800x% 600 pixels

Hinh 5.3: Thiét bi siéu &m OmniScan MX2 [34]
5.2.1.3 Pau do 5L64-A2
Pau do PA sir dung c6 tan sé trong pham vi tir 2 MHz dén 10 MHz va c6 tir
10 dén 128 bién tir [35].

Thong s6 ky thuat
ég;}ll ;hggﬁgcglg]go) 30 x 28> 25
Tan sé 5 MHz
Loai dau do Tuyén tinh
Sé lirong bién tir 64
Buoc 0,6 mm
Dé mo hoat dong 38,4 mm

Hinh 5.4: Dau do 5L64-A2 [35]
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5.2.1.4 Encoder ENC1-2.5-LM
B6 ma hoa cia PA c6 kha nang thu thap, xt Iy dir liéu va tim ra vi tri dau do
quét dir liu.

Thong s6 ky thuat

A=27mm D =24,2mm
B =28,7 mm E=175mm
C=225mm F=6mm

D¢ phan giai la 12 budéc/mm
Hinh 5.5: Encoder ENC1-2.5-LM [35, 56]
5.2.1.5 Ném dau do SA2-0L

Ngoai bo chuyén doi t6 hop, cac dau do PA thudng duoc lap rap thém mot
ném bang chat déo (rexolite) [35].

Thong s6 ky thuat

Kich thudéc chung D65 x R30 x C20
Logi ddu do A2
Vat liéu Rexolite

Goc khuc xa trong vat lieu | 0°

Logi s6ng Song doc

Hinh 5.6: Ném dau do SA2-0L [34]
5.2.1.6 Chit tiép am
Chét tiép am c6 vai trd nhu mot cau ndi din am dé gilp song siéu &m co thé
truyén giita dau do va chi tiét kiém tra. Chat tiép &m Sonotech da duoc hra chon dé

trién khai thuc hién siéu am kiém tra ¢6 mon mé hinh bdn chira xing dau.

Tinh chat ky thuat

- Nhi¢t dg lam vige: T = -23 dén 99°C
- Sir dung trong méi trwong chong dn mon

= Z
oo =~

Hinh 5.7: Chat tiép &m Sonotech
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5.2.1.7 Robot mang dau do siéu Am
Robot mang dau do siéu &m ciing cac phu kién c6 kha nang nhu sau:

Bam dinh chéc chan vao bé mat bén nho nam cham;

Vuot qua duoc duong han, cac go noi;

C6 kha nang diéu chinh duogc khe ho gitta ném dau do va bé mat bon chira;

Lubn gitr ném dau do ludn luén tiép xdc véi bé mat bon;
~ Co cdu mang dau siéu &m linh hoat va luén bam sat vao bé mat bon ciing

nhu giit dwoc khoang cach khong doi tir dau do siéu am dén bé mat bon.

Co cau mang

dau do Thong sé ky thuat
Kich thudéc (DXR) 315 x 247 mm
Lzc hdt nam cham | 180 N
Banh xe cong sudt dong co | 1,4-57W
Vdn toc 25 - 100 mm/s
Vong quay banh xe | 6,6 - 26,8 vong/phut

Hinh 5.8: Robot mang dau do siéu am [27]
5.2.1.8 Co cau mang dau do
Céc thanh phan cia c6 cau mang dau do (dau do) siéu am PA [27] dugc trinh
bay & hinh 5.11.

Hinh 5.9: Co c4u mang dau do [27]

Théng sb hoat dong cua robot nhu sau:

~ Van téc di chuyén robot: v = 25— 100 mm/s
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- S6 vong quay cua banh xe: n=6,6 - 26,8 vong/phut
~ Pong co di chuyén robot: P=14-57W
- Luc hdt nam cham: F=180N
5.2.1.9 May vi tinh
Dung dé két ndi véi thiét siéu am PA va luu trix dit liéu hinh anh siéu am PA,
¢6 kha ning chay duoc phan mém Matlab c6 phién ban tir nim 2014 tr¢ l1én. Cau
hinh may tinh nhu & hinh 5.12,

Thong so6 ky thuat
Man hinh LCD HP 19 inch
CPU Intel Core i5 — 1.60 GHz
Ram 8 GB
Window 10 Home SL
O cing SSD 512 GB

Hinh 5.10: C4u hinh may vi tinh

5.2.2 Khuyét tat mon va tae lwéi trén mé hinh bon chira

Chuan bi md hinh va kiém tra toan b bé mit md hinh bdn chua xang, dau.
Néu trén bé mat xuat hién nhitng diém nhap nhd can phai duoc loai bo nham gidp
cho robot bam dinh tét hon va dau do gan trén robot d& dang tiép xic véi bé mat
bon chua.

Pé phu vy kiém tra danh gia khuyét tat mon trén md hinh bon chua, trong qué
trinh thuc nghiém do mon can tao dung 3 khuyét tat véi vi tri, 6 sau va dién tich
bat ky & mat sau bdn chaa trong pham vi dién tich quét 1000 x 1000 mm? dugc

khao sat va mo ta nhu hinh 5.11.
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Khuyét tat mon 2 Khuyét tat mon 1

) Khuyé'g tat mon 3
Hinh 5.11: Khuyét tat mon trén mo hinh bon chira

Tao ludi gom tao ludi thd va tinh:

- Tao ludi tho 1a dé xac dinh toa do diém bat dau caa ban d6 an mon. Ngoai ra,
n6 ciing cho phép xac dinh toa do tam ding hoic khai dong lai (tiép tuc) khi céng
viéc siéu am bi tam dung.

- Tao ludi tinh 1a dé x4c dinh cac toa do cua phuong 4n do theo thuat toan
PSO di duge xac dinh cho dién tich can quét trén mé hinh bon chira. Qua d6 dé
dang kiém soat dugc cac chu ky quét trong timg luot quét cu thé, ciing nhu kiém
soat toa do chi tiét cac duong quét lién ké nhau hoic vj tri, dién tich ving bi an
mon, vung quét.

Dé minh hoa viéc kiém tra va danh gia su an mon bén trong bon chua dya trén
phuong phap da dugc dé xuat, mot phan caa bon chira ¢6 khuyét tat an mon duoc

m6 phong chia ludi trén md hinh bdn chua vai toa do dugc md ta nhu hinh 5.12.
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(mm) 4 Khuyét tat mon
3000 4
/
1006 /
2000 DL
vl
||
(0.9 1000 2000 3000 (mm)
a) M hinh bon chira b) Chia luéi trén bon chiza

Hinh 5.12: M6 phong khuyét tat mon trén md hinh bon chira
5.2.3 Hiéu chuan thiét bi
a) Hiéu chuan thiét bj siéu &am OmniScan MX2
Hiéu chuan thiét bi OmniScan MX2 theo tai liéu hiéu chuan caa Olympus.
Hiéu chuan thiét bi duoc thuc hién bai céng ty Quatest 3 (cd chung thu hiéu chuan

va tem hiéu chuan dugc dan trén thiét bj).

a) Robot va thiét bi OmniScan MX2 b) Cai dat théng sé
Hinh 5.13: Hiéu chuan thiét bi siéu am

b) Hiéu chuan robot mang dau do siéu am

Pat robot 1&n than bon chaa dé kiém tra sw bAm dinh cua robot. Van hanh
robot theo cac phuong ding (chuyén dong tir dudi Ién, tir trén xubng), phuong
ngang (tir trai qua phai va nguoc lai). Kiém tra do tiép xdc cua dau do siéu am véi

bé mat bdn chira va cho robot van hanh thi nghiém [27].
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a) Robot di b) Robot quay 1 goc ¢) Robot quay 1 d) Robot di
chuyén thang cing chiéu kim dong ~ gdc ngurot chiéu chuyén Iui
ho kim dong ho
Hinh 5.14: Van hanh thi nghiém robot di chuyén theo phuong 4n do

5.2.4 Phwong 4n quét trén md hinh bén chia

Robot di chuyén theo phuwong an da duoc xac dinh theo thuat toan PSO 1a
duong dan ngan nhat duoc xac dinh & chuong 3 (hinh 3.11), qua trinh thiét 1ap cac
thong sb dé quét trén dién tich 1000x1000 mm? duoc tuan theo quy trinh kiém tra
siéu am PA. Robot mang dau do siéu &m s& di chuyén trén bé mat ngoai bon chira.
DPau do siéu Am s& thu thap di liéu anh mon dya trén phuong an di chuyén cua
robot, dir liéu mon s& dugc thu thap va truyén vé may siéu am PA. Dir liéu s& duoc
Iuu trir trén may siéu &m va cd thé két ndi véi may tinh PC.Qua trinh thyuc nghiém
va thiét 1ap cac thong sé dé quét trén dién tich 1000x1000 mm? theo thuat toan PSO

dugc mo ta ¢ hinh 5.15.

Y (mm)
1 2 (1000, 1000)
1000 gl |
500
[
0 BH >
-=<" X (mm)
4 3
-200
500 1000

Hinh 5.15: Phuong an quét dién tich 1000 x 1000 mm?
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5.2.5 Thuc nghiém do mon

Robot mang dau do siéu am s& di chuyén trén bé mat bdn chira, dau do siéu
am sé thu thap da liéu anh mon va duoc luu trir trén may siéu am. Sau @6 di liéu
anh nay s& dugc chuyén dén PC qua két néi USB/Memory card.Cac hinh anh siéu
am PA nay bao gém céc dang hinh anh A-Scan, B-Scan va C-Scan, S-Scan, E (End
view). Trén thanh tiéu dé cua giao dién trén man hinh chinh cia may siéu am
OmniScan MX2 c6 thé lya chon mot nhém cac hinh anh hién thi (Multiple group)
nhu: A-B-C, A-S-C, A-B-End, A-B-S, A-B hoic c6 thé chon mét loai hinh anh hién
thi (single group) trén man hinh. Mit khac, ta c¢6 thé tach cac hinh anh C-Scan ra
khoi cac nhém hinh anh (A-B-S) Scan khi thyuc hién viéc trich xuét bao céo kiém tra
siéu &m PA (report) bang phan mém OmniPC va luu lai file anh C-Scan.

Hinh anh C-Scan dung dé 1am dir liéu phuc vu cdng viéc ghép anh tao lap ban
dd mon phuc vy cong tac kiém tra danh gia d6 an mon caa mo hinh bon chta. Hinh
5.16, 5.17, 5.18 twong ung 1a hinh anh siéu am tai khuyét tat 1, 2, 3.

000,00 5 500,398
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a) Khuyét t4t mon s 2a b) Khuyét tt mon so 2b

¢) Khuyét tat mon sé 2c
Hinh 5.17: Hinh anh siéu am PA cd khuyét tat sé 2

a) Khuyét tdt mon s 3a b) Khuyét tdt mon sé 3b
Hinh 5.18: Hinh anh siéu am PA c6 khuyét tat sé 3 [46]
Quaé trinh thuc nghiém do n mon dugc tién hanh trén mé hinh bon chira dién

tich 1000x1000 mm? véi 30 duong quét (chinh 1a sb lwong anh dau vao cho qué
trinh thyc hién ghép anh).
5.3 Thuc nghiém xay dwng ban d6 mon

5.3.1 Xay dwng ban d6 mon

Phan mém ghép anh c6 mot s chiic nang chinh: thir nhat 1a chon thu muc
(open file) c6 chira anh can thyuc hién xa ly ghép anh, cho phép lua chon 6 dia (ké
ca external disk). Thua hai, Chirc nang thuc hién ghép anh (Corrosion map) ghép cac
anh trong thu muc vira chon nham xay dung ban d¢6 mon anh mau RGB va ban do
mon anh nhi phan Binary. Bén canh d6, xay dung thang mau (colour scale): dung dé
so sanh mau véi chiéu day con lai caa vat liéu hodc chiéu sdu khuyét tat b an mon.
Thi ba, thuc hién phan tich anh (Image Analysis) vai gid tri cac thdng sé6 mon nhu:
vi tri toa d6 (X, y), do sau (d) 16n nhat khuyét tat mon va dién tich (s) ving dn mon.

Cac budéc thuc hién cdng viéc ghép anh tao dung va danh gia ban d6
mon:

- Budc 1: Khai dong phan mém, tao giao dién phan mém.
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- Budc 2: chon open file, chon thu muc luu trir hinh anh mon can ghép

- Budc 3: chon corrosion map, thuc hién chirc nang ghép anh mau RGB va
dua ra thang do.

- Budc 4: chon Binary, thuc hi¢n chitc nang ghép anh nhi phan Binary,
chuong trinh c6 kha ning loc anh va loai bo loc nhiéu.

- Budc 5: chon Image analysis, chuong trinh tu dong phén tich tinh toan cac
thong s6 mon nhu: vi tri toa d6 mon (X, y), d6 sau dn mon 16n nhat, dién tich ving
an mon.

- Budc 6: Chon save and close, chuwong trinh tu dong luu ban d6 mon va
dong phan mém hoan tat cong viéc ghép anh.

Dua vao phan mém ghép anh da dugc xay dung co thé phan tich duoc vi tri
khuyét tat mon tha 1(X1, 1), 2(X2, Y2), 3(Xs, Ys), d0 sau khuyét tat twong ung 1a d,
d,, d3 va dién tich la sy, Sy, Ss.

Ung dung phan mém va thuc hién trinh ty 6 budc ghép anh vai 30 hinh anh
mon C-Scan thu thap duogc tir 1an quét thir 1 tao 1ap ban do mon, két qua phan mém
dd ghép anh duoc 01 ban d¢6 mon theo dang mau RGB va mét ban ¢ mon nhi phan

binary va phan tich cac thong sb cua khuyét tat mon.

CORROSION MAP BUILDING PROGRAM
Open file Corrosion Map Binary "_ " 0-2M55

depth (mm)
d1 1.9946
d2 18918
d3 19828

Binary Image

Corrosion map

800 " 16

X v Area (pixels)
1 1468773 129.7841 3390

2925918 307.1317 2058
3 434.5535 2449584 1850

X v Area (mm*2)
1 257.6794 797.8441  9.2638e+03
2 513.3190 5216017 56239+03
3 7623746 613.4449  5.0555e+03

100 200 300 400 500 600 700 800 900 1000
X axis (mm)

Save as Close

Hinh 5.19: Ban d¢6 mon caa mét 1an quét véi dién tich 1000 x 1000 mm? [46]
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5.3.2 Két qua va ban luan

Qua trinh thuc nghiém do kiém tra 6 mon trén mo hinh bdn chtra da thu thap
duoc hinh anh mon C-Scan va phan mém ghép anh trong méi truong Matlab da xay
dung dugc ban dd mon anh mau RGB, Binary véi dién tich 1000 x 1000 mm?, ddng
thoi phan tich dugc cac thdng sé mon: vi tri, d6 sau va dién tich khuyét tat 1, 2, 3
nhu hinh 5.19

Thong qua 5 lan thuc nghiém cho robot kiém tra danh gia 6 mon trén mo
hinh bdn chira, so sanh thoi gian quét thuc nghiém trén md hinh bon chua véi thoi
gian mb phong theo thuat toan PSO. Bang 5.1 cho thay thoi gian di chuyén cua
robot tng vai mdi lan thuc nghiém clng véi gié tri trung binh va 95% khoang tin
cay cua phép do, 95% khoang tin cay As duoc xac dinh bang 1,96 lan sai léch
chuan .

Bang 5.1: Thoi gian trung binh qua 5 lan quét [46]

s _ Thai gian di chuyén cho

So lan thuec nghiém )

turng lwot quét (s)
3496.24
3538.86
3507.35
3538.37
3538.90

Trung binh 3523.94 * 25.56

gl b W N

Dua vao bang 5.1 ta cd thé thay rang thoi gian di chuyén trung binh qua 5 lan

thuc nghiém co6 d6 sai léch chuan 1a £25.56 (S).
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3,560.00
3,550.00
3,540.00
3,530.00
3,520.00
3,510.00
3,500.00
3,490.00
3,480.00
3,470.00
3,460.00

Thoi gian do kiém

2

3

Lan thuc nghiém

Hinh 5.20: Thoi gian quét qua 5 lan thyc nghiém

Két qua phan tich cac thdng s6 mon trén ban d¢6 mon: qua 5 lan thyc nghiém,
két qua nhan dugc tir qua trinh phan tich cac thong sé vé vi tri toa do, do sau an

mon lén nhat, dién tich cua cac khuyét tat mon cua phan mém dugc téng hop, tinh

toan sai léch chuan s dugc mé ta ¢ bang 5.2, 5.3.

Bang 5.2: Vi tri cac diém c6 sy dn mon

Luwot Vi tri (mm)
quét X1 Y1 X2 Y2 X3 Y3
1 257.6794 | 797.8441 | 513.3190 | 521.6017 | 762.3746 | 618.4449
2 257.9827 | 797.5178 | 513.2675 | 521.5027 | 763.0813 | 617.1730
3 257.9322 | 798.0811 |513.3190 |521.6017 |762.1562 |618.4593
4 257.6075 | 797.7989 |513.0116 |521.6026 |762.2638 | 618.0526
5 257.4830 | 798.2314 |513.0116 |521.6026 | 761.7478 | 619.6228
Trung 257.737 | 797.8947 | 513.1857 | 521.5823 | 762.3247 | 618.3505
binh +0.19 +0.25 +0.14 +0.04 +0.43 +0.96
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Bang 5.3: B0 sau va dién tich mon tuwong (tng vai vi tri c6 mon

Luot Vi tri P sau (mm) Dién tich (mm?)

quét d; d, ds S1 S, S3
1 (X0, y) | 1.9946 | 1.9918 | 1.9828 | 9263.8 | 56239 | 50555
2 (X2, ¥5) | 1.8603 | 1.9927 | 1.8875 | 9323.9 | 5640.3 | 4880.6
3 (X3, y3) | 1.8975 | 1.9782 | 1.9057 | 9206.4 | 5623.9 | 5101.9
4 (X4, Ys) | 1.8939 | 19782 | 1.9039 | 9064.3 | 5522.8 | 4965.3
5 (Xs, ys) | 1.8150 | 1.8667 | 1.8803 | 9176.4 | 5522.8 | 5096.5
Trung binh 1.8923 | 1.9615 | 1.9120 | 9207.0 | 5586.7 | 5020.0+

+0.06 | £0.05 | £0.04 | £87.40 | £52.55 85.14

Dua va0 bang 5.2 va 5.3 1a két qua phan tich cac gia tri ban d6 mon cho thay
cac gia tri nhu sai s6 vi tri, d6 sau, dién tich cua khuyét tat mon @ng voi mdi lan
thuc nghiém cung véi gia tri trung binh va 95% khoang tin cay cta phép do, 95%
khoang tin cay As duoc xac dinh bang 1,96 lan sai léch chuan 6. Két qua do duoc
phan tich & cac db thi sai léch chuan tir hinh 5.21 dén 5.24.

- Vi tri toa do (x,y) cua khuyét tait mon 1(Xa, Y1); 2(X2, ¥a), 3(Xa, Y3):
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Lan thwc nghiém

Hinh 5.21: Vi tri toa dd Xy, Xo, X3 qua 5 1an thuc nghiém

Trén hinh 5.21 cho thay vi tri toa do khuyét tat x;, X,, X3 qua 5 lan thyc
nghiém déu nam trong giéi han 95% khoang tin cay cho phép cua toa do x; Ia
x; + 1.960, toa dd x, 1a X, + 1.960, toa dd X3 13 X3 + 1.960, cu thé 1a x, nam trong
khoang (257.36, 258.11), X, nam trong khoang (512.91, 513.46) va X; nam trong
khoang (761.48, 763.17). Nhu vay, voi két qua thuc nghiém thu dugc cac gia tri vé
chi 6 vi tri Xy, X, X3 d3 phan tich tir phan mém ghép anh cho thay cac gia tri nay c6
d tin cay cao va cé thé tng dung vao bdn chira dung tich 16n thyuc té tai cac doanh
nghiép san xuat bon va can phai tinh toan thém cac diéu kién thuc té tac dong tur

mdi trudng bén ngoai dén bon chira that.
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Lan thwc nghiém

Hinh 5.22: Vi tri toa d0 y1 y» Y5 qua 5 lan thuc nghiém

Trén hinh 5.22 cho thay vi tri toa d6 khuyét tat yi, Y, Yy qua 5 lan thyc
nghiém déu nam trong giéi han 95% khoang tin cay cho phép cua toa do y; Ia
y7 + 1.960, toa d0 y, 13 y, + 1.960, toa d0 y; 12 y5 + 1.960, cu thé Ia y;, nam trong
khoang (797.35, 798.33), y, niam trong khoang (521.50, 521.66) va y; nam trong
khoang (616.47, 620.23). Nhu vay, véi két qua thuc nghiém thu duoc céc gia tri vé
chi s6 vi tri yi1, Y», Y3 d phén tich tir phan mém ghép anh cho thay cac gia tri nay c6
db tin cay cao va cé thé ung dung vao bon chaa dung tich 16n thuc té tai cac doanh
nghiép san xuat bon va can phai tinh toan thém cac diéu kién thyc té tac dong tir

mdi truong bén ngoai dén bon chira that,
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Hinh 5.23: Chiéu sau khuyét tat dy, d,, d3 qua 5 1an thuc nghiém

Trén hinh 5.15 cho thiy do sau khuyét tat mon dy, d,, d3 qua 5 lan thuc
nghiém déu nam trong gisi han 95% khoang tin cay cho phép cia do sau khuyét tat
960, do sdu khuyét tat d, 1a d, + 1.960, do sau khuyét tat d; Ia
d; + 1.960 cu thé 1a d; nam trong khoang [2.010, 1.775], d, nam trong khoang
[2.060, 1.864] va d; nam trong khoang [1.990, 1.834]. Nhu vay, voi két qua thuc

nghiém thu dugc céc gia tri vé chi s6 do sdy dy, dy, d; d phan tich tir phan mém

dy la d; +1

ghép anh cho thay cac gi4 tri nay c6 do tin cay cao va c6 thé tng dung vao bdn chta

dung tich 16n thyc té tai cac doanh nghiép san xuat bon va can phai tinh toan thém

cac diéu kién thuc té tac dong tir mdi trudng bén ngoai dén bon chira that.
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Hinh 5.24: Dién tich khuyét tat s, sy, $; qua 5 lan thuc nghiém

Trén hinh 5.24 cho thay dién tich khuyét tit mon s, S,, Ss qua 5 lan thuc
nghiém déu nam trong gisi han 95% khoang tin cay cho phép cua d6 sau khuyét tat
d;, 1a § + 1.960, do sau khuyét tat s, 13 5, + 1.960, d6 su khuyét tat s; 1a 53 +
1.960 cu thé 1a s, nam trong khoang [9378.3, 9035.7], s, nam trong khoang [5689.7,
5483.7] va s; nam trong khoang [5186.9, 4853.1]. Nhu vay, véi két qua thuc

nghiém thu duoc cac gia tri vé chi sb do sdy Sy, S,, S3 dd phén tich tir phan mém

ghep anh cho

dung tich Ion

thdy cac gia tri nay co do tin cay cao va co thé ung dung vao bon chira

thue té tai cac doanh nghiép san xut bon va can phai tinh toan thém

cac diéu kién thuc té tac dong tir mdi truong bén ngoai dén bon chira that.
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5.4 So sanh két qua véi thuc nghiém do dé mon bang tay

Dé nang cao do tin cay khi sir dung robot do mon va d6 6n dinh caa phan mém
ghép anh, phan tich céc gia tri théng s6 mon, qua trinh do mon bang phuong phap
siéu &m PA trén md hinh bdn chira truc tiép do bang tay ciing dugc so sanh danh
gia. Quy trinh do kiém bang tay duoc thuc hién bai cac ki thuat vién do kiém cua
Cong ty giai phap kiém dinh Viét Nam (VISCO NDT). Quy trinh do mon siéu am
PA tuong tu nhu do bang robot, tuy nhién khac nhau ¢ chd dau do siéu am PA duoc
cam bang tay thuoc hién quét theo phuong thang dung va tryc tiép di chuyén di
chuyén trén mé hinh bdn chira. Qua trinh do va thu thap hinh anh mon nhu hinh
5.25.

a) Do mon bang tay a) Hinh danh siéu dm PA thu duoc
Hinh 5.25: Kiém tra siéu &m PA do mon bang tay [46]

Vi két qua do truc tiép bang tay va phan tich cac théng sé6 mon trén may siéu
am cac thdng s duoc so sanh két qua phan tich bang phan mém ghép anh va mo ta
chi tiét theo bang 5.4.
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Bang 5.4: So sanh két qua do

Két qua do trung binh bang robot Két qua do truc tiép bang tay
Defect s -
X (mm) [y (mm) d (mm) | x(mm) | y(mm) d (mm)
(mm~2)
1 257.74 797.89 9207.0 1.89 257.62 797.85 1.85
2 513.19 521.58 5586.7 1.96 513.55 521.87 1.95
3 762.32 618.35 5020.0 1.91 762.22 617.80 1.91

Dua vao bang 5.4 so séanh két qua do bang robot va thu cong, c6 thé mé ta so

sanh cac thong sb qua cac dd thi ¢ hinh 5.26, 5.27 va 5.28.

B Toa do x khi do robot
B Toa dod x khi do thu cong

800 + |

700 =7
600 <"

500 -7

-

400 =7

Toa do x

300 =7
200 -

100 =°

01” t ' v
1 2 3

So sanh vi tri X1, Xp, X3 clia khuyét tat

Hinh 5.26: So sénh toa do x cua khuyét tat khi do bang robot va thi cong
Dya vao bang 5.4 va hinh 5.26 ta thiy, gia tri toa do x khi do bang robot va
tha céng co gia tri ngang bang nhau. Két qua trén chitng minh rang robot do kiém
thu thap hinh anh C-Scan c6 do chinh xac cao va phan mém ghép anh ciing phan
tich duoc gia tri cac thong s6 mon pha hop vai cdng nghé do kiém trén thiét bi do

tha cong.
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B Toa dd y khi do robot
B Toa do y khi do thu cong

800 +
700 -

600
500 -~
400 -

Toadoy

300 +7
200 <+
100 -

1 o 2 , 2 .
So sanh vi tri yi, Y2, Y3 cia khuyét tat

Hinh 5.27: So sénh toa do y cuia khuyét tat khi do bang robot va thi cong
Dua vao bang 5.4 va hinh 5.27 ta thiy, gié tri toa d6 y khi do bang robot va
thi cdng c6 gia tri ngang bang nhau. Két qua trén chitng minh ring robot do kiém
thu thap hinh anh C-Scan c6 d6 chinh xac cao va phan mém ghép anh ciing phan
tich duoc gia tri cac thdng s mon phu hop véi cdng nghé do kiém trén thiét bi do

tha cong.

B Chiéu sau d khi do robot
B Chicu sau x khi do thu cong

1.96 -
D o1
= 192 7
> 19 +
é 188 -
3 1.86 -
D 184 v
LD 182 -
. —
<= 18 -
@

1.78

So sanh chiéu siu dj, dy, ds cta khuyét tat

Hinh 5.28: So sanh d¢ sau d caa khuyét tat khi do bang robot va tha céng
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Dua vao bang 5.4 va hinh 5.28 ta thay, gié tri d6 sau khuyét tat mon d khi do
bang robot va thii céng c6 gia tri ngang bang nhau hoic ¢é sai léch rat nho tir 0.01 —
0.04 mm. Két qua trén chiing minh rang robot do kiém thu thap hinh anh C-Scan c6
d6 chinh xac cao va phan mém ghép anh ciing phan tich duoc gia tri cac thong sb
mon phd hop vai cong nghé do kiém trén thiét bi do tha cong.

Khi thyc hién do kiém bang tay va phan tich cac théng sé6 mon nhu vi tri toa
d6, chiéu sau khuyét tat mon trén thiét bi siéu am PA OmniScan MX2 cho thay két
qua bang nhau hoic sai léch rat nho. Tuy nhién, khi phan tich vi tri toa do trén thiét
bi siéu &m OmniScan MX2 thi mit thai gian trong viéc tinh toan va cong don toa do
X, Yy cua céac lugt quét trude va sau. Mat khéc, trén thiét bi siéu am khong tinh toan
duoc dién tich cua khuyét tat mon cho nén khéng so sanh duoc thong sb nay.

Nhu vay dya vao qua trinh thuc nghiém & trén ta c6 mot sé6 nhan xét nhu sau:

Qua két qua 5 lan thuc nghiém trén mé hinh bon chia lay gia tri trung binh
va so sanh véi két qua do bang tay di duoc mo ta & trén 1a két qua c6 do tin cay cao.
Bén canh d6, mo6 hinh bon chira da thiét ké ché tao 1a mot phan caa bon that theo
tiéu chuan AP1 650:2016 [28], cho nén viéc thuc nghiém do kiém trén mé hinh bon
chura 1a trong dong véi bdn dugc ché tao that bén ngoai cua cac doanh nghiép. Tuy
nhién, khi thuc nghiém do kiém trén bon that bén ngoai can tinh toan cu thé cac
thong sé nhu: tai trong gid trén cao, trong luong day dan (dai, ngan), éng dan va luu
lugng chat tiép &m. Nhu vay, néu xem xét va tinh toan thém cac diéu kién thyc té
bon chtra xang dau dung tich I6n cua cac doanh nghiép san xuat bon chaa va hiéu
chinh lai cac diéu kién robot di ché tao, dé thu thap hinh anh phu hop véi bon chta
that s& gidip cho qua trinh xay dung ban d6 mon.

Xay dung dugc thuat toan ghép anh dua trén anh mon C-Scan thu duoc tur
phuong phap kiém tra siéu &m PA va phan mém ghép anh trén nén tang phan mém
Matlab.

Thiét ké ché tao md hinh bon chira xing dau dung tich 16n theo tiéu chuan API
650:2016 [28] vai kich thuoc 3x3m, Vit ligu thép ASTM A36, chiéu day 12mm

phuc vy kiém chiing thuc nghiém.
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Xay dung dugc quy trinh thuc nghiém kiém tra mon st dung robot mang dau
do siéu &m PA vai dién tich quét 1000x1000 mm? trén mé hinh bdn chira thu thap
hinh anh A-Scan, B Scan, C-Scan.

Véi két qua phan tich cac théng s mon trén ban do mon khi thuc nghiém
ghép anh tao lap ban dd mon vé vi tri, d6 sau va dién tich mon déu nam trong pham
Vi 95% khoang tin cay Ae duoc xac dinh bang 1,96 lan sai léch chuan e. Véi két
qua thuc nghiém véi 5 lan thuc nghiém twong wng 5 ban d6 mon gan nhu twong
ddng nhau ching minh rang phan mém da nhan duoc 16i va so khép 5mm bién anh
cho thay phan mém ghép anh chay 6n dinh.

Két qua thuc nghiém xay dung ban d6 mon va phan tich cac théng sé mon
cling chitng minh rang cac gia tri co do tin cay cao, robot mang dau do siéu am PA
di chuyén 6n dinh phu hop véi phuong an do va thoi gian ngan nhat dugc xac dinh
theo thuat toan tim kiém PSO.
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KET LUAN VA KIEN NGHI
1.  Kétluan

Luan an trinh bay cac két qua nghién cau giai phap do mon bon chira xang dau
tru ding ¢6 dung tich tir 10,000 m® tré 1én bang phwong phap kiém tra siéu am té
hop pha (Phased Array Ultrasonic Testing). Mot phuong an do kiém t6i vu da duoc
dé xuat cho phép tao dung ban ¢6 mon trén mé hinh bon chira xang dau nham rat
ngin thoi gian kiém tra, giai phong duoc stc lao dong va dem lai hiéu qua cao vé
kinh té. Nhimg déng gop chinh cua luan an dugc tom tat nhu sau:

- Pé xuit quy trinh thyc nghiém do d6 mon tng dung k¥ thuat kiém tra siéu
am t6 hop pha (PAUT) str dung robot mang dau do siéu 4m PA duogc ching nhan dé
do d6 mon bon chtra xang dau dung tich 16n. Phuong phap do mon méi nhat hién
nay st dung hinh anh mau C-Scan phuc vu cong viéc ghép anh 1ap ban d6 an
mon.Xay dung dugc mé hinh toan xac dinh dwoc quang duong di chuyén ngan nhat
trén co so thuat toan bay dan PSO, phi hop voi yéu cau k¥ thuat cia robot mang
dau do siéu am PA tu ché tao. Thong qua md phong Matalb xac dinh duoc phuong
an do kiém ciia robot phii hgp véi phuong phéap kiém tra siéu 4m PA thyc nghiém
trén mo hinh bon chtra xang dau dung tich 16n.

- Xac dinh, phan tich cac thong s bién anh mon C-Scan va k¥ thuat so khép
bién anh ctia C4c anh mon lién ké nhau nham phuc vu cong viéc xay dung bai toan
ghép anh mon trén co s& xur Iy anh tng dung phan mém Matlab.

- Xaéc dinh dugc cic thong sé mon: dién tich, d6 sau, vi tri dua vao chuong
ghép anh 1ap ban d6 mon vai thuat toan ghép anh da duoc dé xuat, duoc mé phong,
phan tich tinh toan trén phan mém Matlab.

- Tao dung duoc ban dd mon mot phan vai dién tich 2000x1000 mm? trén mo
hinh bon chira.

Tat ca cac nghién ctru, dé xuat trong luan an déu duoc tac gia kiém chiang mo
phong va thir nghiém robot mang dau do siéu am PA kiém tra danh gia d6 mon trén

mo hinh bdn chira.
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2. Kién nghi

Trong pham vi nghién ctu cua luan an tac gia da chua khai thac hét tiém ning,
do d6 can duoc nghién ciru va phat trién nhu sau:

- Tiép tuc thyc hién nghién ciru do kiém trén bon chira c6 kich thudc that trén
10,000 m®, két hop véi doanh nghiép do kiém thuc hién cac phuwong an do khac
nhau nham danh gia hét kha ning cua dé tai.

- Tiép tuc phap trién phan mém ghép anh, tao dung ban d6 mon tong thé voi

kich thudc 16n hon.
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PHU LUC 1
THIET KE VA CHE TAO ROBOT MANG PAU DO SIEU AM

1. Phuong 4n thiét ké két cau cia robot

Khi thuc hién cong viéc do mon, robot mang dau do siéu am PA phai di chuyén
trén bé mat bon chtra. Do kich thude duong kinh cua bdn chira 16n nén cung tron co do
cong khong 16n nén co thé c6 nhiéu phuong an xay dung quy dao di chuyén cua robot
nhu theo phuong thiang dimg, phuong ngang hoic theo duong xoin dc., ... Trong thuc té,
quy dao theo dudng xoan oc s& bi mat dir liéu do rat kho khéng ché khoang cach giira 2
duong quét dudi tdc dung ctia moi truong (gid, rung dong). Do vay, ta xem xet cac
phuong 4n chuyén dong sau [44]:

~ Phwong an 1 — Phwong ding: robot s& di chuyén tir vi tri tir day bon dén vi tri
mai bon dé kiém tra tir dudi I1én, roi dich chuyén sang phai dé kiém tra tir trén xubng day
bon. Qua trinh ctr thé tiép dién theo chu vi bon cho dén khi tré lai diém ban dau (hinh
1a).

~ Phwong an 2 - Phwong ngang: robot s& di chuyén theo phuwong ngang dé kiém
tra hét mot duong chu vi bdn, sau d6 robot dich chuyén 1én trén dé kiém tra duong chu

vi tiép theo. Qua trinh kiém tra cu thé tiép dién cho dén hét chiéu cao than bon (hinh 1b).

| | | |
A/
~
S
/| 1V = =
B R T e L L SEIIEe e LRI IELEEreR
a) Di chuyén theo phirong dimg b) Di chuyén theo phirong ngang



Hinh 1: Cac phuong an di chuyén cua robot
So sanh va lya chon phuong an phu hop dugc trinh bay trong bang 1.

Bang 1: So sanh cac phuwong 4n di chuyén

Cac phwong an
TT | Tiéu chisosanh Phwong an 1 Phwong an 2
(phuong dung) (phuong ngang)
1 | Thao tac van hanh Pon gian Kho khan
2 | Mt do 6n dinh Cao Trung binh
3 | Két qua kiém tra Chinh xac Trung binh

Tur bang 1, ta chon phuong an 1 (do kiém theo phwong dtng) vi c6 nhiéu vu diém
va thoa mén cac yéu cau dat ra. Nhu vay, robot s& duoc thiét ké dé di chuyén theo
phuong an dung 1a cha dao. Hinh 2 trinh bay mot phuong 4an do kiém, trong d6 robot
duoc diéu khién dé mang dau do PA di chuyén tir du6i Ién trén (chuyén dong chinh) va
tur tréi sang phai.

Qu¥ dao chuyén dong cu thé cua robot dugc xac dinh nhu sau:

- Chuyén dong thang I Ae
theo phwong ding: khi bat :
dau mang dau do siéu am Vﬁ _AVH
thuc hién do kiém, robot 4 ""-C Vol ;Ir)"’“
chuyén dong thang déu tir vi Vi G | v
tri gan day bon (diém 0) Ién o C ﬁ —_I‘})"

vi tri gan mai bon (diém A).

o ¢
Hinh 2: Chuyén dong thang theo phuong ditng

Bbn banh xe quay cung chiéu

va cling van toc.




— Chuyén déng xoay
sang phai: khi trong tdm G
cua robot dén vi tri diém A
(G=A),

chuyén dong xoay sang phai

robot thuc hién
quanh tdm G. Hai banh xe
bén phai ¢ cung van téc va
quay nguoc chiéu véi hai

banh xe bén trai.

F """ ” 4 H -

‘ Vi S Vi g
I

- Chuyén déng thang
theo phwong ngang: sau khi
xoay quanh diém A mot goc
90°, robot chuyén dong thing
déu tur diém A dén diém B.
Bbn banh xe quay cung chiéu

va cling van toc.
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- Chuyén déng xoay
sang phai: khi trong tam G
cua robot dén vi tri diém B
(G=B),

chuyén dong xoay tai chd

robot thuc hién
sang phai quanh tam G (diém
B). Hai banh xe bén phai cé
cling van téc va quay nguoc

chiéu hai banh xe bén trai.
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Hinh 5: Chuyén dong xoay sang phai




— Chuyén déng thing
theo phwong dwng: Sau khi
xoay quanh diém B mot goc
90°, robot chuyén dong
thang déu tir vi tri diém B
dén vj tri diém C. Bdn banh
Xe quay cuing chiéu cuing van
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Hinh 6: Chuyén dong thang theo phuong dirng

- Chuyén déng xoay
sang trai: Khi trong tam G
cua robot dén vi tri diém C
(G=C), robot thuc hién
chuyén dong xoay tai chd
sang trdi quanh tdm G. Hai
banh xe bén trai c6 cung van
téc va quay nguoc chiéu hai

banh xe bén phai.

Hinh 7: Chuyén dong xoay sang tréi

,
&)
l

- Chuyén ddng thing
theo phwong ngang: sau khi
xoay quanh diém C mot goc
90°, robot chuyén dong
thang déu tr diém C dén
diém D. Bén béanh xe quay
cung chiéu va c6 cung van
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Hinh 8: Chuyén dong thang theo phuong ngang




- Chuyen dong xoay - ,.B A A%
sang trai: khi trong tim G g : %"

7 C e i R
cua robot dén vi tri diém D : : V"T | BN ]
(G=D), robot thuc hién i L (‘@D ______ |
chuyén dong xoay tai chd § N, 7

: t Ve Ve
sang trai quanh tdm G. Hai 00 (Y :. |\ : | L_/I'
banh xe bén trai c6 cing van ' o
banh xe bén phai.
— Chuyén déng than R
y . g g ’% ........ ”B n}: A le ﬁ ' Vi
theo phwong dwng: sau khi : : %
xoay quanh diém D mot géc ‘“"C v ')mn
90°, robot chuyén dong ‘ e lo-» .
thang déu tir dusi 1&n. Bén % %
banh xe quay cling chiéu va .o c ; ________ poD m"( | ')]“
c6 cling van téc. 0¢ -
Hinh 10: Chuyén dong thang theo phuong ding

1.1 Tinh toéan lyc hat nam cham
Luc hGt nam cham gilp robot va céc thiét bi kém theo nhu: dau do PA, day dién,
day dan cap chat tiép am, cép truyén dit liéu,... co thé thang dugc trong luc dé bam dinh
va di chuyén trén than bon. So d6 phan tich luc khi robot bam dinh Ién than bon duoc
trinh bay & hinh 11 [38].



g [ Zt of g

Hinh 4.11: M6 hinh phén tich luc cua robot
Trong do:
- W Trong luong cua robot
— Fpn, Frg, Fre, Fryt Luc hit cia nam cham tai diem A, B, C, D.
+ Fp,=Fy

:Fh :Fh

5~ Yne= Fhp.
+ Fy : Tong luc hit caa nam cham.
+ Fu =Fy, + By + B+ By = 4F, = 4F,,_ = 4F, = 4F,
- Na, Ng, N¢, Np : Phan lyc tai cac diém A, B, C, D.
+ Na=Ng=Nc=Np,
+ N:Téng phan luc lién két.
+ N=Na+ Ng+Nc+Np=4Na=4Ng=4Nc=4Np
_ Fa, Fg, Fc, Fp : Luc ma sét tai cac diem A, B, C, D
+ Fa=Fg=Fc=Fp
+ Fms 1 ToNg luc ma st
. Fme=Fa+Fg+Fc+ Fp= 4Fa= 4Fg = 4Fc = 4Fp
— My : Mdmen truyén dong cua mot truc banh xe
- M, :Mbdmen ma sat lan cua 1 banh xe

- a: Khoang cach tir trong tam robot dén diém O theo phuong Y 12 88,5 mm



- b : Khoang cach gitra tdm hai banh xe la 177 mm
- ¢ : Khoang cach tir trong tdm robot dén diém O theo phuwong X 1a 12,5 mm

- r: Ban kinh banh xe la 36,5 mm

Hé phuong trinh can bang luc:

( ZFKX =0

SFiy =0 (4-1)
> M)O(F)x) =0

( N-FM:()
Frns- W =0
4Mtd_4M|+2 FhA'b 'W.C'4FA. r'ZNA.b =0

( N = FM
Fms =W
AMy - M, +2 F,,, 177.10° - W.12,5.10°% 4 F, 36,5.10°>- (4-2)
2Na.177.10° =0
[ Fu =N =Fu
Fms = Mg (4-3)
M., = 4M) - 2 Fp ,.177.10 73 + W.12,5.10 73 + 4 FA.36,5.10 73 + 2N4.177.10 73
td —

4

Trong do:

~ Fi la tong luc tac dong theo phuong X
— Fyy latong lyc tac dong theo phuong Y
- g: Giatdc trong truong 9,81m/s?

- m: Khdi lugng robot, 5 kg

- Hésdmasattruot © =0,5

- Hésdémasatlan f=0,015

- Thay céc gia tri da c6 vao phuong trinh (3.3), ta duoc két qua:

7



Frns= 49,1 (N)
FmM=N=Fq/ u=98(N)
My = 2,067 (Nm)
Vay tong lyc hit tinh toan dé robot c6 thé bam trén bé mat bon chira 1a 98 N. Do d6

luc hat tinh toan caa mot nam cham tao ra la:

= Fpp= 2= 22245 (N)

E, DT 4 4

A: Fh :Fh

B Cc

Dé robot bam dinh trén bé mit bdn thi luc hat thuc té cua nam cham can Ién hon
hozc bang luc ht tinh toan (Fyye i > Finh ton)-
1.2 Phwong trinh dong hoc cuaa robot
Pé khao st chuyén dong cua robot trén quy dao duong di, ta dat vao méi truong
khao sat mot hé quy chiéu cb dinh 1a (X,Y) va mot hé quy chiéu khéac gan lién theo robot
la (x,y). Quy dao duong di dugc khao sét 1a duong cong c6 ban kinh R, hé quy chiéu (x,
y) duoc dit tai tam khdi G cua robot [38].
- Trong do:
+ Truc X : theo phuong doc than robot
+ Truc y: theo phuong ngang than robot
+ L . la kich thudc khoang cach gitra hai truc banh xe trudc va sau
+ W :lakhoang céch gitra hai tdm banh
Goi ICR (Instantaneous Center of Rotation) 1a diém tam cua duong cong quy dao
va ciling chinh 14 tAm van tc tic thoi cua robot, boi vi thoi diém ta xét thi tai diém nay

c6 van téc tirc thai bang khong.



Hinh 13: Van téc bén trai va bén phai [38]

- Trong d6 cac thdng sb:

+ Vg Van tdc robot tai tam G

+ V, :Van toc 2 banh xe bén trai
+ V, : Van téc 2 banh xe bén phai
+ r : Béankinh banh xe

+ ¢ : Vantéc goc banh xe bén tréai



+ w,: Van téc goc banh xe bén phai
+ R : Béan kinh cong tic thoi caa quy dao duong di
+ 0 : Goc quay cua robot hay goc quay caa hé quy chiéu (x,y) so vai hé
quy chiéu (X, Y)
+ 0: Van tdc goc caa robot trong mit phang chuyén dong
+ R % : Bén kinh cong qu§ dao mé ta cho banh xe bén trai
+ R+ % : Bén kinh cong quy dao mé ta cho banh xe bén phai
Ta co:
0= R‘—/tg - Rng
) = % VaR = %%

Van téc caa robot tai tam G:
Vp +Vi

x=Vs=0.R =

Vay ta cé hé phuong trinh:

; r/Z r/Z Wy
1=_0 0 wp]
0 Tiw TTw
Phuong trinh dong hoc cho robot:
X1 [cos® —sin® P
Y|[=|sin0 cos 9
[ 0
(X1 _ [x.cos 8+ P]
< Y [x sin 0+ Q (doy
X _ [cos 0 cosO® P [w
< |Y[=5[sin6 sin6 Q] |®p
L1 0 0 1 1

Truong hop tong quat, véi thoi gian thuc t, ta co:

[X )
Y (t)

-l

x(t).cos(6(t)) + P(t)
x(t).sin(6(t)) + Q(t)
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Suy ra:
X () = fot(fc(a).cos(e(a)) + P(0)) d(o)
Y ()= fOtJ'/(G)-Sin(G(G)) + Q(0))d (o)

Theo quy dao chuyén dong kiém tra mon cua robot thi s& ¢6 hai truong hop:
- Vi truong hop hai banh robot c6 ciing van téc va cing chiéu quay thi:
+ Robot chuyén dong thang
+ Vi=V,= Vg
+0=0
- Vi trudng hop hai banh robot c6 ciing van tdc va ngugc chiéu quay thi:

+ Robot chuyén dong xoay tai chd

+ Vi=-V,
+ VG:0
N 2
+ G—va

2. Ché tao va thir nghiém
Dua trén co sé phuong an dd chon va cac tinh toan thiét ké, robot da dugc ché tao
va dua vao thtr nghiém kha nang hoat dong [38].

Robot bam dinh I&n thanh bdn nhé nam cham vinh ciru;

Robot c6 thé mang tai (ké ca khdi lugng cua robot) 1a 20 kg;

Van toc di chuyén cua robot c6 thé diéu chinh dugc 12 V = (25 - 100) mm/s;

Robot ¢6 thé di chuyén vong quanh bdn (theo chu vi bon), theo phuong thang

dang, kha ning ré trai, ré phai va kha ning quay dau.
Robot mang dau do siéu &m cho phép kiém tra ¢ mon cua bon chaa xing dau
duoc trinh bay & hinh 4.16.

11



Hinh 14: Robot mang dau do siéu am PA
Mot quy dao chuyén dong cho robot da dugc dé xuat (hinh 4.17) dé gitp danh gia
kha ning di chuyén theo phuong thang ding, theo phuong ngang, xoay trai/phai.

b/ |

/.
A

Hinh 15: Quy dao chuyén dong thir nghiém cua robot
Thir nghiém hoat dong cua robot theo quy dao dé xuit ¢ hinh 4.17 duoc trinh bay ¢
hinh 4.16.

a) Di chuyén ngang (T) &) Quay dau ¢) Di chuyén xusng  d) Quay ngang

12



e) Di chuyén ngang (P) /) Quay ddu Ién /) Quay dau 1én g) Di chuyén Ién
Hinh 16: Thir nghiém cac kha ning di chuyén cua robot [38]
Nhan xét:

~ Robot bam dinh tét 1&n thanh bon chta bang nam cham vinh ciru, kha ning
mang tai vuot qué tai trong thiét ké (ké ca khéi lugng cua robot) 1a 20 kg.

— Robot di chuyén linh hoat va thuc hién dugc cac chuyén dong: tién, 10i, ré trai,
ré phai, xoay dau vai céc van toc khac nhau.

~ Robot di chuyén trén bé mat bon chira theo phuong thang ding khéng bi léch,
toc d6 on dinh.

- Robot d& dang vuot qua go dudng han hoic cac chd 16i, 16m.

~ Robot thyc hién thanh cong viéc di chuyén theo so do chuyén dong da dé xuat,
3. Kiém nghiém a9 tin cay robot

3.1 Robot di chuyén theo phwong thang dirng

3.1.1 Muc dich

~ Panh gia do chinh xé4c di chuyén (quy dao di chuyén thang) theo phuong ding
cua robot.

- Xac dinh dugc d6 léch giira diém dau va diém cudi sau khi di chuyén cua robot.

3.1.2 Tién trinh thi nghiém

Pé kiém nghiém do tin cay (d6 chinh xac) khi robot di chuyén theo phuong ding,
cac thuc nghiém d duoc tién hanh nhu sau:

— Cho robot di chuyén ttheo phuong thiang dtng tir dudi 18n trén véi quang dudng
di chuyén s = 1000 mm (di chuyén tir diém A dén diém B).

~ Téc d6 di chuyén trung binh duoc thiét 1ap cho robot 13 vy, = 35 (mm/s), véi thoi
gian du kién 12 t; = s/vy, = 1000 / 35 = 28.571 (s)
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— Thuc nghiém duoc tién hanh 3 1an véi sb 1an lap 1a 3.

3.1.3 Thiét bi thi nghiém

Cac thiét bi st dung dé tién hanh thi nghiém bao gém:

- Robot;

~ M6 hinh bdn chira;

— Thiét bi siéu &m t hop pha Olympus MX2.

So dd quang duong di chuyén trén mé hinh dugc trinh bay & hinh 4.19a.

(0,1000)

[A] ©0)

a) Qudng dwong b) Piém dau c) Piém cudi

di chuyén

Hinh 17: So d6 quang dudng di chuyén cua robot theo phuong dung
3.1.4 Két qua thi nghiém
Dir liéu thuc nghiém khi Robot di chuyén theo phuong dimg duoc trinh bay & bang 2.
Bang 2: Dir liéu hoat dong cua robot khi di chuyén theo phuong ding

Thi nghiém vantéc | Thaigian
Toadg A Toado B ) .
trung binh | di chuyén
STT | Liap (xy) (x.y)
Vip (Mm/s) ts ()
1 (0,0) (0.20, 999.57) 35 28.56
1 2 (0,0 (0.50,1000.50) 35 28.59
3 (0,0 (0.65,1000.95) 35 28.60
) 1 (0,0) (0.25,1000.42) 35 28.58
2 (0,0 (0.45, 999.65) 35 28.56
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3 (0,00 | (0.15,1000.68) 35 28.59

1 (0,00 | (0.60,1000.55) 35 28.59

3 2 (0,00 | (0.44,1000.45) 35 28.58

3 (0,00 | (0.50,1000.75) 35 28.59

Trung binh (0,00 | (0.42,1000.39) 35 28.58

Véi két qua & bang 2 ta v& do thi so sanh d6 sai Iéch chuan cua thoi gian di
chuyén cua robot qua 3 1an lap véi 95% khoang tin cay As duoc xac dinh bang 1,96 lan

sai léch chuan e.

Thoi gian di chuyén theo
phuong dang t(s)

Lén thyc nghiém

Hinh 18: Thoi gian quét theo phwong diing qua 9 lan thi nghiém

Duwa vao bang di liéu bang 2 va hinh 18 ta c6 thé di dén mot s6 nhan xét sau:

— Trén hinh 18 cho thay thoi gian di chuyén theo phwong thing dtiing qua 9 1an thuc
nghiém déu nam trong gidi han 95% khoang tin cay cho phép cua thoi gian di chuyén
theo phuong ding 1a £; + 1.960, cu thé 1a t;nam trong khoang [28.50, 28.66].

~ Sai léch theo phuong ding, hay néi cach khac Ia chiéu dai quang duong trung

binh 1a 1000.39 mm, trong d6 quang dudng ngan nhat 1a 999.57 mm c6 sai léch so voi
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quang dudng chuan 1a 0.43 mm. Sai léch theo phwong thang dung nay kha nho khdng
anh hudéng dén viéc nhan dang bién anh nén cé thé bo qua.

~ Sai léch theo phuong ngang véi toa do X c6 sai léch véi toa d6 chuan 1a 0.42
mm, sai léch nay so véi bién anh dwoc s dung cho viéc nhan dang (5 mm) la nho,
khong gay anh huéng dén viéc nhan dang tht ty anh.

~ Sai léch vé thoi gian di chuyén trung binh qua 3 1an lap so véi thoi gian tinh toan
ly thuyét 1a 0.04%.

Nhu vay, qua thuc nghiém kiém nghiém do tin cay khi robot di chuyén theo
phuong thang ding trén mé hinh thi nghiém cho thay do léch vi tri, thoi gian di chuyén
|a rat nho, khong gay anh hudng dén két qua thu thap anh va nhan dang bién anh.

3.2 Robot di chuyén theo phwong ngang

3.2.1 Muc dich

- Panh gia d6 chinh xéc di chuyén (quy dao di chuyén thang) theo phuwong ngang
cua robot.

~ Xac dinh dugc d6 léch gitra diém dau va diém cudi sau khi di chuyén cua robot.

3.2.2 Tién trinh thi nghiém

Pé kiém nghiém do tin cay (d6 chinh xac) khi robot di chuyén theo phuong ngang,
cac thuc nghiém di duoc tién hanh nhu sau:

~ Cho robot di chuyén ttheo phuong ngang tir dudi Ién trén véi quang duong di
chuyén s = 1000 mm (di chuyén tir diém A dén diém B, hinh 19).

— Tbc do di chuyén trung binh duoc thiét 1ap cho robot 12 vy, = 35 (mm/s), véi thoi
gian du kién 12 t; = s/vy, = 1000 / 35 = 28.571 (5).

— Thuc nghiém duoc tién hanh 3 1an véi s6 1an lap 1a 3.

[A}
(0,0) (1000,0)
a) Quang dwong di chuyén

16



b) Piém dau ¢) Piém cuoi

Hinh 19: So d6 quang duong di chuyén cua robot theo phuong ngang
3.2.3 Két qua thi nghiém
Dix liéu thuc nghiém khi Robot di chuyén theo phuong ding dugc trinh bay ¢ bang 3.
Bang 3: Dit liéu hoat dong cua robot khi di chuyén theo phuong ngang

Thi nghiém Vian toc Thoi gian
Toadf A Toad¢ B . ) .
trung binh | di chuyen
STT | Lap | (xy) (x.y)
Vip (Mm/s) ts (3)
1 (0,0) (999.55, -0.3) 35 28.550
1 2 (0,0 (999.54, -0.5) 35 28.558
3 (0,00 | (1000.92, -0.65) 35 28.584
1 (0,00 | (1000.44, -0.75) 35 28.584
2 2 (0,0) (999.77, -0.45) 35 28.565
3 (0,0) (999.68, -0.55) 35 28.591
1 (0,00 | (1000.65, -0.66) 35 28.590
3 2 (0,0 (1000.75, -0.44) 35 28.593
3 (0,00 | (1000.25, -0.45) 35 28.579
Trung binh (0,0) (1000.17, 0.53) 35 28.577

Véi két qua ¢ bang 3 ta v& do thi so sanh do sai léch chuan cua thoi gian di
chuyén cua robot qua 3 1an lap véi 95% khoang tin cay As duoc xac dinh bang 1,96 lan

sai léch chuan e.
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Hinh 20: Thoi gian quét theo phuong ngang qua 9 lan thi nghiém

Duwa vao bang di liéu bang 3 va hinh 20 ta c6 thé di dén mot s6 nhan xét sau:

~ Trén hinh 20 cho thay thoi gian di chuyén theo phwong ngang qua 9 lan thuc
nghiém déu nam trong gidi han 95% khoang tin cay cho phép cua thoi gian di chuyén
theo phuong ngang 12 £, + 1.964, cu thé 1a t,ndm trong khoang [28.50, 28.66].

~ Sai léch theo phuong ngang, hay noéi cach khac 1a chiéu dai quang dudng trung
binh 12 1000.17 mm, trong d6 quang duong ngan nhat 14 999.54 mm c6 sai léch so voi
quang duong chuan 1a 0.46 mm. Sai Iéch nay so véi chiéu rong bién anh duoc sir dung
dé nhan dang anh 1a 5 mm 1a nho, khong anh huéng dén viéc nhan dang anh nén cé thé
bo qua.

— Sai léch theo phuong dung véi toa do X co sai 1éch véi toa ¢ chuan 1 0.17 mm,
sai léch nho nay khong anh huong dén anh thu thap vi bién anh nay khong st dung cho
viéc nhan dang anh.

~ Sai léch vé thoi gian di chuyén trung binh qua 3 1an lap so véi thoi gian tinh toan
ly thuyét 1a 0.04%.

Nhu vy, qua thuc nghiém kiém nghiém do tin cay khi robot di chuyén theo
phuong thang ngang trén mé hinh thi nghiém cho thay do léch vi tri, thoi gian di chuyén

A rat thap.
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3.3 Robot di chuyén theo phwong xién
3.3.1 Muc dich
Panh gia do chinh xac di chuyén (quy dao di chuyén thang) theo phuong xién cua
robot. Xac dinh duoc d6 Iéch giira diém dau va diém cudi sau khi di chuyén cua robot.
3.3.2 Tién trinh thi nghiém
Dé kiém nghiém do tin cay (do chinh x&c) khi robot di chuyén theo phwong xién,
cac thuc nghiém da duoc tién hanh nhu sau:
~ Cho robot di chuyén ttheo phuwong xién tir trai qua phai véi quang duong di
chuyén s = 502.49 mm (di chuyén tir diém A dén diém B).
~ Téc d6 di chuyén trung binh dwogc thiét 1ap cho robot 14 vy, = 35 mm/s, véi thoi
gian duy kién 1 t; = /vy = 707.11/35 = 20.203 (s)
— Tai vi tri A, robot quay mét goc o = 45° véi van téc vy, = 25 (mm/s), R = 180
mm, Véi thoi gian dy kién 1a:
- 2m.R. a; _ 2.3,14.180.45
o p,.360 25.360

— Thuc nghiém duoc tién hanh 3 1an véi s6 lan lap 1a 3.

= 5.652 (s)

a) Qudng duwong b) Piém dau c) Piém cudi

Hinh 4.21: So d6 quang dudng di chuyén cua robot theo phuong xién 1 goc a
3.3.3 Két qua thi nghiém

Dix liéu thuc nghiém khi robot di chuyén theo phwong xién duoc trinh bay & bang 4.
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Bang 4: Dit liéu hoat dong cua robot khi di chuyén theo phuong xién

Thi nghiém vantéc | Theoigian | Thei gian
Toa dd A Toa do B . ) , ) .,
trung binh | di chuyén | di chuyén
STT | Lap (X.y) (xy)
Vip (MMV/s) ts (5) tx ()
1 (0,0) (500.3,500.55) 35 20.220 5.855
1 2 (0,0 (500.5,500.54) 35 20.224 5.81
3 (0,0 (500.65,500.92) 35 20.235 5.911
1 (0,0) (500.75,500.44) 35 20.227 5.835
2 2 (0,0 (500.45,500.77) 35 20.228 5.852
3 (0,0 (500.55, 500.68) 35 20.228 5.715
1 (0,0 (500.66, 500.65) 35 20.230 5.819
3 2 (0,0 (500.44, 500.75) 35 20.227 5.921
3 (0,0 (500.45, 500.25) 35 20.217 5.825
Trung binh (0,0 (500.528, 500.617) 35 20.226 5.838

Vi két qua & bang 4 ta v& do thi so sanh d¢ sai léch chuan cua thoi gian di
chuyén cua robot qua 3 1an lap véi 95% khoang tin cay As duoc xac dinh bang 1,96 lan

sai léch chuan e.

26.60 -

26.40 - t+Ac

26.20

26.00 - s

phuong xién t(S)
>

25.80 - f-Ac
25.60 -

Thoi gian di chuyén theo

25.40 -

25.20

1 2 3 4 5 6 1 8 g
Lan thyc nghiém
Hinh 22: Thoi gian quét theo phuong xién qua 9 lan thi nghiém

Dwa vao bang 4 va hinh 22 ta c6 thé di dén mot s6 nhan xét sau:
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— Trén hinh 22 cho thay thoi gian di chuyén theo phwong xién qua 9 lan thuc
nghiém déu nam trong gidi han 95% khoang tin cay cho phép cua thoi gian di chuyén
theo phuong ngang 1a £, + 1.96¢, cu thé 1a t,ndm trong khoang [25.73, 26.39].

~ Sai léch theo phuong ngang véi toa do X so véi toa do chuan 1a 0.528 mm, sai
léch theo phwong dirng véi toa d6 Y so véi toa d6 chuan 1a 0.617 mm. Sai léch nay la
nhé va chuyén dong theo phuong xién nay duoc thuc hién khi khéng thu thap anh mon.

~ Sai léch vé thoi gian di chuyén trung binh qua 3 1an l3p so véi thoi gian tinh toan
ly thuyét 12 0.11%

~ Sai léch vé thoi gian xoay tai cac diém nat c6 goc xoay 1a a = 45° qua 3 1an lap
so véi thoi gian tinh toan Iy thuyét 1a 3.29%. Thoi gian ndy c6 anh hudng dén tong thoi
gian hoat dong khi thuc hién kiém tra danh gia 6 mon nhung khong anh huéng déng
chat lugng anh mon thu thap. Do vay, ta c6 thé xem sai léch thoi gian nay 1a sai s6 hé

thdng vé mit thai gian chi gay anh huong nho dén téng thai gian hoat dong cua robot.
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Report Date Report Version File Name Inspection Date Inspection Version Save Mode
2020/06/29 OmniPC - 4.4R5 tuan_1line_00_22- 04.opd 2020/04/24 MXU - 4.4R3 Report
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PA 1
Setup
A:0.00 Sk:090 L:001
Beam Delay Start (Half Path) Range (Half Path) Max. Acq Rate Type Averaging Factor
0.0 us -3.00 mm 19.43 mm 193 PA 1
Scale Type Scale Factor Video Filter Pretrig. Rectification Filter
. Band-pass 5.3 MHz (2.5 -
Compression 3 On 0.00 ps FW 8.0MHz)
Voltage Gain Mode Wave Type Sound Velocity Pulse Width
40 (Low) 19.96 dB PE (Pulse-Echo) Longitudinal 5890.0 m/s 100.00 ns
Scan Offset Index Offset Probe Skew C-Scan Time Resolution Digitizing Frequency A-Scan Time Resolution
0.00 mm 0.00 mm 90.0° 2.5ns 100 MHz 30.0 ns
Gate Start Width Threshold Synchro. Peak Selection
I 44.62 mm 15.02 mm 20.00 % I-edge First Peak
A 7.01 mm 12.49 mm 10.00 % I-edge First Peak
B 0.00 mm 20.00 mm 30.00 % I-edge Max Peak
TCG Point Number Position (Half Path) Gain
1 6.00 mm 0.0 dB
2 14.03 mm 12.0dB
3 14.06 mm 13.0dB
Calculator
Element Qty. Used First Element Last Element Resolution Wave Type Material Velocity
6 1 64 1.0 Longitudinal 5890.0 m/s
Start Angle Stop Angle Angle Resolution Focus Depth Law Configuration Beam Skew
0.00° N/A N/A 12.00 mm Linear at 0° 0.00°
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8.htm
Part
Material Geometry Thickness
STEEL, MILD Plate 12.00 mm
Scan Area
Scan Start Scan Length Scan Resolution
0.00 mm 1000.00 mm 1.00 mm
Synchro. Max. scan speed
Encoder 193.07 mm/s
Axis Encoder Encoder Type Encoder Resolution Polarity
Scan 1 Quadrature 12.00 step/mm Normal
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158.5% 11.99 mm 0.1% 11.99 mm --- mm --- mm --- mm --- VPA
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Date
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Report Date Report Version File Name Inspection Date Inspection Version Save Mode
2020/06/29 OmniPC - 4.4R5 tuan_1line_00_22- 03.opd 2020/04/24 MXU - 4.4R3 Report
OmniScan Type OmniScan Serial # Module Type Module Serial # Data File Name
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8/7/2020 9.htm
PA 1
Setup
A:0.00 Sk:090 L:001
Beam Delay Start (Half Path) Range (Half Path) Max. Acq Rate Type Averaging Factor
0.0 us -3.00 mm 19.43 mm 193 PA 1
Scale Type Scale Factor Video Filter Pretrig. Rectification Filter
. Band-pass 5.3 MHz (2.5 -
Compression 3 On 0.00 ps FW 8.0MHz)
Voltage Gain Mode Wave Type Sound Velocity Pulse Width
40 (Low) 19.96 dB PE (Pulse-Echo) Longitudinal 5890.0 m/s 100.00 ns
Scan Offset Index Offset Probe Skew C-Scan Time Resolution Digitizing Frequency A-Scan Time Resolution
0.00 mm 0.00 mm 90.0° 2.5ns 100 MHz 30.0 ns
Gate Start Width Threshold Synchro. Peak Selection
I 44.62 mm 15.02 mm 20.00 % I-edge First Peak
A 7.01 mm 12.49 mm 10.00 % I-edge First Peak
B 0.00 mm 20.00 mm 30.00 % I-edge Max Peak
TCG Point Number Position (Half Path) Gain
1 6.00 mm 0.0 dB
2 14.03 mm 12.0dB
3 14.06 mm 13.0dB
Calculator
Element Qty. Used First Element Last Element Resolution Wave Type Material Velocity
6 1 64 1.0 Longitudinal 5890.0 m/s
Start Angle Stop Angle Angle Resolution Focus Depth Law Configuration Beam Skew
0.00° N/A N/A 12.00 mm Linear at 0° 0.00°
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9.htm
Part
Material Geometry Thickness
STEEL, MILD Plate 12.00 mm
Scan Area
Scan Start Scan Length Scan Resolution
0.00 mm 1000.00 mm 1.00 mm
Synchro. Max. scan speed
Encoder 193.07 mm/s
Axis Encoder Encoder Type Encoder Resolution Polarity
Scan 1 Quadrature 12.00 step/mm Normal
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8/7/2020 10.htm
PA 1
Setup
A:0.00 Sk:090 L:001
Beam Delay Start (Half Path) Range (Half Path) Max. Acq Rate Type Averaging Factor
0.0 us -3.00 mm 19.43 mm 193 PA 1
Scale Type Scale Factor Video Filter Pretrig. Rectification Filter
. Band-pass 5.3 MHz (2.5 -
Compression 3 On 0.00 ps FW 8.0MHz)
Voltage Gain Mode Wave Type Sound Velocity Pulse Width
40 (Low) 19.96 dB PE (Pulse-Echo) Longitudinal 5890.0 m/s 100.00 ns
Scan Offset Index Offset Probe Skew C-Scan Time Resolution Digitizing Frequency A-Scan Time Resolution
0.00 mm 0.00 mm 90.0° 2.5ns 100 MHz 30.0 ns
Gate Start Width Threshold Synchro. Peak Selection
I 44.62 mm 15.02 mm 20.00 % IT-edge First Peak
A 7.01 mm 12.49 mm 10.00 % I-edge First Peak
B 0.00 mm 20.00 mm 30.00 % I-edge Max Peak
TCG Point Number Position (Half Path) Gain
1 6.00 mm 0.0 dB
2 14.03 mm 12.0dB
3 14.06 mm 13.0dB
Calculator
Element Qty. Used First Element Last Element Resolution Wave Type Material Velocity
6 1 64 1.0 Longitudinal 5890.0 m/s
Start Angle Stop Angle Angle Resolution Focus Depth Law Configuration Beam Skew
0.00° N/A N/A 12.00 mm Linear at 0° 0.00°
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10.htm
Part
Material Geometry Thickness
STEEL, MILD Plate 12.00 mm
Scan Area
Scan Start Scan Length Scan Resolution
0.00 mm 1000.00 mm 1.00 mm
Synchro. Max. scan speed
Encoder 193.07 mm/s
Axis Encoder Encoder Type Encoder Resolution Polarity
Scan 1 Quadrature 12.00 step/mm Normal
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PHU LUC 3: Code Matlab thuat toan PSO

tic

clc

clear all
close all
rng default

LB=[250 1000 250 -50 50 -50]; %lower bounds of
variables
UB=[300 1250 250 -50 -50 -50]; %upper bounds of variables

[}

% pso parameters values
m=6; % number of variables
n=250; % population size

o

wmax=0.9; % inertia weight
wmin=0.1; % inertia weight
cl=2; % acceleration factor
c2=2; % acceleration factor
% PSO mMain program———————————"—"" """ """ - ————
start

maxite=10000; % set maximum number of iteration

maxrun=100; % set maximum number of runs need to be

for run=1:maxrun

run

% pso initialization---———-="="-"-"""-"—"—"-"-"—"—"—"—"—-"-"—"—"—~—~—~—~—~(—~(—(—(—(—(—(— start
for i=l:n

for j=1l:m

%0 (i,3)=round (LB (j)+rand () * (UB(J)-LB(3))) ;

end

end

o

x=x0; % initial population
v=0.1*x0; % initial velocity

for i=l:n

fO(i,1)=0fun(x0 (i, :));

end

[fmin0, index0]=min (£0) ;

pbest=x0; % initial pbest

gbest=x0 (index0,:); % initial gbest

% pso initialization--------------—-—-——————-—"—~—"—~—"—~——~——— end
% pso algorithm-----—-—--"-""""-"""""""-"-"""""“"-"“"“"—"—"—~—~—~—~"~"—~—(—(—(—~—~————————— start
ite=1;

tolerance=1;
while ite<=maxite && tolerance>10"-12

o)

w=wmax- (wmax-wmin) *ite/maxite; % update inertial weight
% pso velocity updates

for i=1l:n

for j=1:m

v(i,j)=w*v(i,]j)+cl*rand()* (pbest(i,j)-x(i,3))...
+c2*rand () * (gbest (1,3)-x(i,3));

end

end

% pso position update

for i=1l:n



for j=1l:m
x(1,3)=x(1,3)+v(L,3);
end

end

% handling boundary violations
for i=1l:n

for j=1:m

if x(i,3)<LB(3)

x(i,3)=LB(j);

elseif x(i,73)>UB(J)
x(i,3)=UB(J);

end

end

end

% evaluating fitness
for i=l:n
f(i,1)=ofun(x(i,:));
end

% updating pbest and fitness
for i=l:n

if £(1,1)<£f0(i,1)

pbest (i, :)=x(i,:);
£0(1i,1)=Ff(i,1);
end
end

[fmin, index]=min (f0); % finding out the best particle
ffmin (ite, run)=fmin; % storing best fitness

Q

ffite(run)=ite; % storing iteration count
% updating gbest and best fitness
if fmin<fminO

gbest=pbest (index, :) ;

fminO=fmin;

end

% calculating tolerance

if ite>1000;

tolerance=abs (ffmin (ite-1000, run)-fmin0) ;

end

% displaying iterative results

if ite==

disp(sprintf ('Iteration Best particle Objective fun'));

end

disp (sprintf ('%8g %8g %8.4f',ite,index, fmin0)) ;

ite=ite+1;

end

gbest;

fvalue=10* (gbest (1)-1)"2+20* (gbest (2) -2) *2+30* (gbest (3)-3) "2;
fff (run)=fvalue;

rgbest (run, :)=gbest;
disp(sprintf('--——--""""""""""""""""-""""""" ") ;

end

-end

disp (sprintf('\n'"));

% pso algorithm------—--"-"""""""""“"-“"-"""""“"“"“"-"—"—"—“~—~—~"~"—~—~—~(—~(—~—~(—~(—(———————

s PSSO main program-————"—""—"—" - - T T T T T T T T T T T T e e e



disp(Sprintf('*********************************************************
"))

disp(sprintf('Final Results———--""-""-"-""""—"—"-"-"-"—"—"—-"—-—-———— "Y);
[bestfun,bestrun]=min (£f£ff)

best variables=rgbest (bestrun, :)
disp(Sprintf('*********************************************************
"))

toc

% PSO convergence characteristic

plot (ffmin(l:ffite (bestrun),bestrun),'-k'");

xlabel ('Iteration');

ylabel ('Fitness function wvalue');

title ('PSO convergence characteristic')

SHEHHH S S S A
#HH#



PHU LUC 4: Code Matlab tao 1ap ban dé mon

1. Code doc anh va so sanh bién anh

function [X, map, alpha] = docanhgif (varargin)
persistent cached fmt;
mlock
if nargin > 0
[varargin{:}] = convertStringsToChars (varargin{:});
end
[source, fmt s, extraArgs, was_cached fmt used] = parse inputs(cached fmt,

varargin{:});
was_ format specified = (nargin>=2) && ischar(varargin{2});

% Download remote file. isLegacyUrl is true if the file is on a HTTP/HTTPS
server
try
[isLegacyUrl, fileNameObj] = getFileFromURL (source);
catch ME
errorID = ME.identifier;
errorID = replace(errorID, ‘getFileFromURL’, ‘imread’);
throwAsCaller (Mexception (errorID, ME.message));
end
% If fileNameObj is an object, extract the filename
if ~ischar (fileNameObj)
filename = fileNameObj.LocalFileName;
else
filename = fileNameObj;
end

o\

if isLegacyUrl
% Clean up the downloaded file.
C = onCleanup (@ ()deleteDownload (filename)) ;
nd
% Flag to indicate that the user file is on a remote location (for example:
$ HTTP, HTTPS, S3, Azure..)

isUrl = isLegacyUrl || ~ischar (fileNameOb3j) ;

0]

if isempty (fmt_s)

)

% The format was not specified explicitly.

% Get the absolute path of the file

fullname = get full filename (filename) ;
[~,~,ext] = fileparts (fullname);
if (~isempty(cached fmt)) && ismember (ext (2:end), cached fmt.ext)

% The format of this file is same as the last file opened with
% imread. Use cached fmt to read the file
fmt s = cached fmt;
was_cached fmt used = true;
else



o\

Either cached fmt is empty or the format of this file (as
determined by the extension) is not the same as the cached
% format. Call get format info to determine the correct format
fmt s = get format info (fullname);
end
else

o\

o\

The format was specified explicitly.

Try

% Try to obtain the absolute path of the file from the input

% filename. This will throw an error if filename does not exist or
% the user does not have permission to read the file

fullname = get full filename (filename);

% If input filename fails, try all possible extensions of this file
% format to obtain the absolute path
for p = 1l:length(fmt_s.ext)
try
fullname = get full filename([filename, ‘.’,
fmt s.ext{p}l);

% If we reach here, it means generating absolute Path
% succeeded. Break out of the loop.
Break;
catch ME
% If all possible extensions for the given format failed,
% throw the last exception

if p == length(fmt s.ext)
rethrow (ME) ;
end
end
end
end
end
if fmt s.alpha && (nargout == 3)
% Use the alpha channel.
[X, map, alpha] = call format specific reader();
else
% Alpha channel is not requested or is not applicable.
Alpha = [];
[X, map] = call format specific reader();
end
cached fmt = fmt s;
function varargout = call format specific reader ()
try
[varargout{l:nargout}] = feval (fmt s.read, fullname,
extraArgs{:});
catch ME
if (~was_cached fmt used) || was_ format specified
if isUrl
msgtext = replace (ME.message, fullname, source);
newME = Mexception (ME.identifier, msgtext);
else
newME = ME;
end

% The error was not caused by incorrect format
throwAsCaller (newME) ;
else



% The error could have been caused by using cached format,
% which was not correct for this file

fmt s = get format info (fullname);
try
[varargout{l:nargout}] = feval (fmt s.read, fullname,
extraArgs{:});
catch ME
if isUrl
msgtext = replace (ME.message, fullname, source);
newME = Mexception(ME.identifier, msgtext);
else
newME = ME;
end
throwAsCaller (newME) ;
end
end
end
end

function [source, fmt s, extraArgs, was_cached fmt used]
parse_inputs (cached fmt, varargin)

extraArgs = {};

fmt s = struct([]);

% Flag to track if cached format was used
was_cached fmt used = false;

% Parse arguments based on their number.
Switch (nargin)
case {0,1}

% Not allowed.
Error (message ( ‘MATLAB:imagesci:imread:inputParsing’));
case 2
% Filename only.
Source = varargin{l};
if ~ischar (source)
error (message ( ‘“MATLAB:imagesci:imread:badImageSourceDatatype’));
end
otherwise

% Filename and format or other arguments.
Source = varargin{l};

% Check whether second argument is a format.
If ischar (varargin{2})
if (~isempty(cached fmt)) && ismember (varargin{2}, cached fmt.ext)
fmt s = cached fmt;
was_cached fmt used = true;
else
fmt s = imformats(varargin{2});
end
end
if ~isempty (fmt_s)
% The argument matches a format.
extraArgs = varargin (3:end);

[}

% Verify that a read function exists



if (isempty(fmt s.read))

error (message (‘MATLAB:imagesci:imread:readFunctionRegistration’,

1 1))
end
else
% The argument begins the format-specific parameters.
extraArgs = varargin(2:end);
end
end
end
function fmt s = get format info (fullname)
[format, fmt s] = imftype (fullname);

if (isempty(format))
error (message ( ‘MATLAB:imagesci:imread:fileFormat’));
end

% Verify that a read function exists
if (isempty (fmt s.read))

fmt s.ext{

error (message ( ‘MATLAB:imagesci:imread:readFunctionRegistration’,

fmt_s.ext{ 1 }));

end
end
function filename = get full filename (filename)
[fid, errmsg] = fopen(filename, ‘r’);
if (fid == -1)

if ~isempty(dir (filename))

String ‘Too many open files’ is from strerror.
% So, no need for a message catalog.

If contains(errmsg, ‘Too many open files’)

o

error (message ( ‘MATLAB:imagesci:imread:tooManyOpenFiles’,

filename)) ;
else

error (message ( ‘“MATLAB:imagesci:imread:fileReadPermission’

filename)) ;
end
else

error (message ( ‘MATLAB:imagesci:imread:fileDoesNotExist’,

filename)) ;

end
else
% File exists. Get full filename.
Filename = fopen (fid);
fclose (fid) ;

end
end



2. Code Giao dién Phan mém ghép anh

function varargout = giaodien(varargin)

% GIAODIEN MATLAB code for giaodien.fig

% GIAODIEN, by itself, creates a new GIAODIEN or raises the existing
% singleton*.

% H = GIAODIEN returns the handle to a new GIAODIEN or the handle to
% the existing singleton*.

% GIAODIEN ('CALLBACK',hObject,eventData, handles,...) calls the local
% function named CALLBACK in GIAODIEN.M with the given input
arguments

% GIAODIEN ('Property', 'Value',...) creates a new GIAODIEN or raises
the

% existing singleton*. Starting from the left, property value pairs
are

% applied to the GUI before giaodien OpeningFcn gets called. An

unrecognized property name or invalid value makes property

% stop. All inputs are passed to giaodien OpeningFcn via varargin.
% *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one
% instance to run (singleton)".

% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help giaodien

% Last Modified by GUIDE v2.5 06-Jul-2020 00:41:32

% Begin initialization code - DO NOT EDIT

gui Singleton = 1;

gui State = struct('gui Name', mfilename,
'gui Singleton', gui Singleton,
'"gui OpeningFcn', @giaodien OpeningFcn,
'"gui OutputFcn', @giaodien OutputFcn,
'gui LayoutFecn', 1,
'gui Callback', (1

if nargin && ischar (varargin{l})

gui State.gui Callback str2func (varargin{l});

end
if nargout
[varargout{l:nargout}] = gui mainfcn(gui_ State, varargin{:});
else
gui mainfcn(gui State, varargin{:});
end

o

End initialization code - DO NOT EDIT

--- Executes just before giaodien is made visible.

function giaodien OpeningFcn (hObject, eventdata, handles, varargin)
This function has no output args, see OutputFcn.

o°

oe

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% varargin command line arguments to giaodien (see VARARGIN)

\o

s Choose default command line output for giaodien
handles.output = hObject;

% Update handles structure

guidata (hObject, handles);



o\

UIWAIT makes giaodien wait for user response (see UIRESUME)
uiwait (handles.figurel) ;
-—-— Outputs from this function are returned to the command line.

o\

oe

function varargout = giaodien OutputFcn (hObject, eventdata, handles)
% varargout cell array for returning output args (see VARARGOUT) ;
% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{l} = handles.output;

% —--—- Executes on button press in pushbuttonl.

function pushbuttonl Callback (hObject, eventdata, handles)

% hObject handle to pushbuttonl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
close

% —--—- Executes on button press in pushbutton2.

function pushbutton2 Callback (hObject, eventdata, handles)

% hObject handle to pushbutton2 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

o\

global host image ;

duongdan = uigetdir;

cd (duongdan) ;

[I0, cmap] = imread([num2str(l) '.gif'],'frames',6 'all');
RGB 0 = ind2rgb (IO, cmap);

anhghep = vertcat (RGB _0,zeros(1,19,3));

Anh = anhghep;

axes (handles.axesl)

cla (handles.axesl, 'reset')

for i =2:30

[I, cmap] = imread([num2str(i) '.gif'],'frames',6 'all');
% image (I);

% colormap (cmap) ;

RGB = ind2rgb (I, cmap);

imshow (RGB) ;

% [m,n,p] = size(I);

pause (0.01)

anhghep moi = horzcat (Anh,RGB);

Anh= anhghep moi;

% clf

cla (handles.axesl, 'reset')

end

imshow (anhghep moi);

imwrite (anhghep moi, 'Anhghep.jpg")

axes (handles.axes?2)

imshow (rgb2gray (anhghep moi)) ;

imwrite (anhghep moi, '"Anhghep.jpg"')

filename = uigetfile({'*.gif;*.png'}, 'Chon Anh Goc');
host image = imread(filename) ;

host image rgb2gray (host image) ;

o° o oo

oe



