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1. Pitvan dé

Cong viéc kiém dinh danh gia chat lugng bon chira cho phép di dén
quyét dinh cap phép mai, tiép tuc sir dung hoic yéu cau tam ding hoat dong
dua vao stra chira. Thiét bi st dung va van hanh thu cong doi hoi lip dat hé
thng gian gi4o, phu thuoc diéu kién thoi tiét nén thoi gian kiém dinh dai, do
tin cay cua két qua phu thudc vao tay nghé caa k§ thuat vién. Bén canh do, do
kiém tra thu cong nén ning suét thap, két qua kiém tra khdng cung cip duoc
ban d6 mon tong thé cua bon chira va tiém an nguy co mét an toan lao dong
khi ky thuat vién thao tac do kiém. Tir d6, nhu cau rat ngan thoi gian, dam
bao an toan, ning cao ning suat va ting do tin cay két qua do kiém do mon
bon chira bang cac quy trinh do kiém véi su hd tro cua thiét bi kiém tra tu
hanh (robot) da dwoc quan tdm nghién cau [1].

Hinh 1: Kiém tra mon thuc hién tha cong [2]

Viéc nghién ciru phuong an do kiém, ché tao céc thiét bi tw hanh mang
dau do cho phép kiém tra danh gia d6 mon cua bon chira dé c6 thé lam cha
cong nghg, ché tao dugc trong diéu kién cong nghé trong nudc dang 1a mot
van dé cap thiét va c6 nhiéu y nghia. D& tai: “Nghién ciru gidi phdp do kiém
tra danh gid dé mon bon chita xdng ddu dung tich I6n siz dung robot mang

dau do sieu am”.



2. Y nghia khoa hoc va thyc tién cia deé tai

2.1 Y nghia khoa hoc

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

- Pé xuat dugc phuong an do kiém tng dung robot mang dau do siéu
am PA kiém tra mon bon chira xang dau dung tich 16n dua trén co s¢ quy dao
quang dudng di chuyén ngan nhét tim duoc.

- Pé xuat thuat toan ghép anh tao dung ban d6 mon phi hop véi quy
trinh siéu am PA do kiém d6 mon bon chira xing dau dung tich Ion sir dung
robot mang dau do siéu am PA.

2.2 Y nghia thyc tién

- Ung dung robot mang dau do siéu am dé kiém tra d6 mon cua bon
chtra s& rat ngan thoi gian kiém tra, giai phong duoc st lao dong va dem lai
hiéu qua cao vé kinh té, nang suat dua ra thi trudng robot mang dau do siéu
am g6p phan nang cao chit luong kiém tra di voi bon chira xang dau.

- Két qua nghién ctu cua dé tai gép phan tu dong hda trong viéc
kiém tra, danh gid 6 mon bd chtra xing dau, c6 gia tri cao vé thyc tién tng
dung.

- Gilp xay dung ban @6 mon cua bdn chira xing dau, cho phép giam
sat va chu dong ké hoach hoat dong, bao tri bao dudng bon chua.

3. Két cau cha luan an: Két cau caa luan 4n gdom cac phan:

- Mo dau

- Chuong 1: Nghién ctru téng quan

- Chuong 2: Quy trinh thuc nghiém do kiém tra @6 mon bon chia

- Chuong 3: M hinh toan quang dudng di chuyén ngin nhat

- Chuong 4: Nghién ctru xay dyng bai todn ghép anh mon

- Chuong 5: Nghién ctru thuc nghiém do kiém va xay dung ban do

mon

- Két luan va kién nghi.



CHUONG 1
NGHIEN CUU TONG QUAN

1.1  Thuc trang do kiém mon bon chia ¢ Vigt Nam
- St dung ky thuat siéu 4m PA do kiém thu cong.
- Su dung hé thdng gian gido, day cép treo khi thuc hién kiém tra,...

—  Tiém an nhiéu nguy co vé an toan lao dong.

—  Thoi gian kiém tra dai
—  Két qua kiém tra phu thudc vao trinh d6 ky thuat vién siéu am

a) Kiém tra chat lirong bon thi cong & b) Ky thugt vién kiém tra chdt lwong
Viét Nam bon véi thiét b thi cong
Hinh 1.8: Kiém tra chat lugng bdn thii cong & Viét Nam [2]]

- Do ¢ong viéc danh gia dugc thyc hién sau nén phu thugc rat 16n vao chat
lwong anh dau vao. Khi phat hién cac sai sot vi du nhu anh khong dat do
phén giai, khong ké lién nhau,... thi rat khé khan trong viéc t chirc siéu
am lai.

- Xac dinh cac khu vuc mon bang phuong phap cam quan va chi tién hanh
do kiém danh gia d6 mon ¢ khu vuc d6. Do d6, khong du dir liéu dé xay
dung duoc ban dd mon bon chua.

1.2 CA4c ton tai va dinh hwéng nghién ciru
1.2.1 CAc ton tai
- Thiét bi: viéc kiém tra danh gia ¢6 mon hién nay chu yéu sir dung
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phuong phap siéu 4m thong thudng hoic siéu am PA,;

- Robot: di duoc sir dung vao qua trinh kiém tra siéu am, nhung chu
yéu la dé kiém tra khuyét tat han, d6 mon cho duong dng. Robot do d6 mon
bon chira chu yéu van 1a kiém tra danh gia d6 mon & mot khu vire xac dinh,
khéng quan tdm nhiéu dén phuong an do kiém, ghép anh gian tiép va co gia
thanh rat dat do cong nghé ban quyén:

- Ky thuat vién: phai duoc dao tao tir cac chuyén gia nrdc ngoai;

- Phuong an do kiém: chwa thiy dé cap dén phuong 4an do cu thé cho
tueng loai robot.

- Quang duong di chuyén ngin nhat: Mot sé nghién ciru di tng dung
thuat toan PSO, GA [23, 24, 25, 26] dé xac dinh phuong an di chuyén téi uu
dé tim duoc quang dudng di chuyén ngin nhét hoic tranh vat can nhung chi
yéu 1a mo phong, chua thyc nghiém so sanh trén mé hinh thuc té va dé danh
gid mtrc do dn mon bdn chira. O Viét Nam hién nay van chua thiy céng b
nao 4o dung phuong 4n do kiém c6 quang dudng di chuyén ngin nhét.

- Ban dd mon: cha yéu Ia ghép anh tryc tiép trén hé théng thiét bi
siéu &m hozc ghép anh gién tiép trén PC str dung phan mém doc quyén [11,
12]. Chua tim thay cac cdng bd vé xtu ly anh néi chung, ghép anh dé xay
dung ban &5 mon cho bon chira xang dau.

2.2.2 Pinh hwéng nghién cau

Hién nay, phuong phap siéu am PA di va dang duwoc tng dung manh
mé tai Viét Nam. Do thiét bi dit tién, nhan vién kiém tra cin duoc dao tao
nghiém ngat va quan trong hon hét 1a cac quy trinh do, phuwong an do kiém
ciing nhu kinh nghiém giai ma hinh anh, 1ap ban d6 mon doi hoi phai duoc
chuyén giao céng nghé hoac mua ban quyén. Do vay, trude tinh hinh do kiém
danh gia d6 mon bang phuong phap thi cong nhu hién nay c6 ning suit va
d6 chinh xac thap, tiéu ton nhiéu thoi gian va nhiéu nguy co tiém an vé an
toan lao dong cho ngudi kiém tra can trién khai cong viéc do bang céng nghé
ky thuat tién tién, do6 tin ciy, ning suit cao, an toan. Dac biét 1a trong thoi
gian gan day, nén kinh t& Viét Nam phat trién manh mé& da dan dén sy bung
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nd céac dy an kho - cang chira xang dau hay noi khac di sé luong bon chira
xang dau c6 dung tich 16n 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 ctu trong luan an dugc dé xuat nhu sau:

- Nghién ctru bon chira xang dau va cac khuyét tat mon thudng xuat
hién trén bon chira xang dau dung tich 16n; Nghién ctru cac phuong phap do
kiém d6 mon, dac biét 1a kiém tra @6 mon bang phuong phap siéu am PA;

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

- Nghién ctiu thiét ké robot ¢ thé mang dau do siéu am PA phuc vu
kiém tra mon bon chira;

- Nghién ctru mé hinh toan giup xac dinh quang duong di chuyén
ngdn nhét trén co sé thuat toan téi wu bay dan PSO dé dé xuat giai phap do
kiém (phuong an do) danh gia d¢ an mon cua bon chira xang dau;

- Nghién ctru cach thire thu thap dir liéu tir phurong phap siéu am PA
dé c6 thé ghép ndi cac dit liéu tao thanh ban d6 mon;

- Nghién ctru, xay dung thuat todn ghép anh, 1ap ban d6 mon tur dit
liéu C-Scan thu thap bang phuong phap siéu am PA.

- Thuc nghiém tng dung robot mang dau do siéu &m dé kiém tra do
mon trén md hinh bon chira trén co sé cac két qua ly thuyét; Boi chiéu vai ky
thuat kiém tra truyén thdng nhim xac dinh d6 chinh xac va do tin cdy cua
phép do duoc d& xuét.



CHUONG 2
QUY TRINH THUC NGHIEM PO KIEM TRA PQ MON BON CHUA

2.1 Nghién ciru thiét ké va ché taorobot mang dau do siéu am PA
2.1.1 Yéu cau ky thuat ciaa robot

Pé c6 thé mang dau do siéu am thyc hién viéc do kiém, danh gia do
mon, vat liéu ché tao bon chira 1a thép, thiét bi ty hanh (robot) can dat dugc
cac y8u cau sau [27]:

- Robot di chuyén bing 4 banh xe nam cham ti, c6 kha ning di
chuyén trén mat phang XY, c6 kha ning ty hanh tién/I0i, r& phai/trai bang
cach diéu khién bang tay hay lap trinh trudc;

- Robot bam dinh vao thanh bon bang nam cham vinh ciru, mang
duoc tai trong robot va cac phu kién kem theo khoang 20 kg;

- Téc do cua robot c6 thé dat dén 100 mm/s, hoat dong 6n dinh & téc
d6 25 - 50 mm/s (tdc do khi thuc hién do kiém bang siéu &m PA);

- Robot ¢ kha nang di chuyén linh hoat trén bé mat thanh bdn va dé
dang vuot qua dudng han hozc céc chd 16i, 16m.

2.1.2 Ché tao va thir nghiém

:?[ :; L :i:

L 162 N
247

a) M@ hinh thiét ké robot b) Robot di hoan thién

Hinh 2.1: Robot mang dau do siéu am PA [27]
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2.1.3 Co s&, giai phap dinh vi diu do siéu am PA

Str dung thudc chuan va cam bién siéu am dé xac dinh toa do vi tri
robot, qua do danh gia d¢ tin cay cua robot theo hai phuong: ding, ngang.
Thuéc chuan duge dit theo phuong X, y mé ta nhu hinh 2.2,

Dung 4 cam bién siéu &m SRFO05, 2 ¢ phia trudc, 2 phia sau dé do
khoang cach cac gia tri toa d6 x,y dong thoi hiéu chinh toc d6 cac banh xe
lam sao dé robot di ddng tbc, gitr viing vi tri di chuyén dé dat duoc vi tri
mong mudn.

a) Binh vi thiréc chudn bang Laser b) Lap dat thwéc chuan
Hinh 2.4: Binh vi va lap dat thudc chuan theo hai phuong x, y

~ W{p 7 ‘|‘ % = 5,1

a) Cai dat c&c théng sé robot  b) Robot di chuyén trén bon chia
Hinh 2.5: Binh vi robot bang cam bién siéu &m SRF05



2.1.4 Kiém nghiém dé tin cay robot

4.1.4.1 Robot di chuyén theo phwong thing ding

- Cho robot di chuyén theo phuong thing ding tir dudi 1én trén voi
quang duong di chuyén s = 1000 mm (di chuyén tir diém A dén diém B).

[B] (0.12000)
A

[A] (0.0

a) Quang duwong b) Piém dau c) Piém cuoi
di chuyén

Hinh 2.6: So d6 quang dudng di chuyén cia robot theo phuong ding

28.70 4

28.65 tL+Ac

28.60 4 A A

28.55 1

2850 - t,-Ao

Thoi gian di chuyén theo
phuong dung t(s)

28.45 4

28.40

Lén thyc nghi¢m

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

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



2.1.4.2 Robot di chuyén theo phwong ngang

~ Cho robot di chuyén ttheo phuwong ngang tir duéi 1én trén véi quang
duong di chuyén s = 1000 mm (di chuyén tir diém A dén diém B).

Trén hinh 2.9 cho thay thoi gian di chuyén theo phurong ngang qua 9
lan thuc nghiém déu nam trong giGi han 95% khoang tin cay cho phép cua
thoi gian di chuyén theo phuong ngang 1a t5 + 1.960, cu thé Ia ts nam trong
khoang [28.50, 28.66].

2.1.4.3 Robot di chuyén theo phwong xién

- 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).

Trén hinh 2.11 cho thdy thoi gian di chuyén theo phuong xién qua 9
lan thuc nghiém déu nam trong giGi han 95% khoang tin cay cho phép cua
thoi gian di chuyén theo phuwong ngang 1a £ + 1.96 0, cu thé la ts nam trong
khoang [25.73, 26.39].

2.3 Pé xuit quy trinh do mon bang phwong phap siéu Am PA
(Pwoc phé duyét béi NDT level 111)
2.3.1 Muc tiéu va pham vi wng dung

Quy trinh ndy cung cép cac diéu kién chung duoc huéng dan cu thé
khi thuc hién kiém tra bang phuong phép siéu 4m t6 hop pha sir dung thiét bi
Olympus Omniscan MX2 kiém tra d& mon cho than bén chira xang dau dung
tich 16n, ang dung trén md hinh bon chira da ché tao theo tiéu chuan API
650:2016 [28].

Quy trinh ndy md ta cong tac kiém tra d6 mon bang phwong phap
siéu am t6 hop pha (PAUT) can duoc tudn thu va &p dung dé thyuc hién kiém
tra d6 day con lai cua than bon chira xang dau. PAUT dang sir dung k¥ thuat
kiém tra bang robot mang dau do PA.

2.2.2 Tiéu chén ap dung
2.2.3 Trinh @9 k¥ thuat vién
2.2.4 Thiét bi kiém tra siéu am té hop pha



2.2.5 Pau do va ghi nhan dir liéu
2.2.6 Chit tiép am
2.2.7 Khdi chuan
2.2.8 P9 nhay quét
2.2.9 Chuin bi bé mit bén chira xing dau
2.3.10 Ky thuat quét
2.3.11 Bao cao/danh gia két qua thu thap
2.3.12 Tai liéu luu triv
Théng tin trong bao cao PAUT nén c6 céac thdng tin sau: S6 ban v&, sb
Tat ca tai liéu vé trinh d6 thuc hién quy trinh NDT phai duoc luu gt
nhur 14 hd so quan ly chét luong.
Trinh tu cac budc thuc hién theo quy trinh do kiém da dugc phé chuan
duoc trinh bay & hinh 4.19.
\ Tiéu chuén ap dung \—ﬂ Trinh d nhan vién NDT H Thiét bi kidm tra \

!

‘ Hiéu chudn khéi M Chét tiép am M DAu do va encoder ‘

\ PO nhay quét ’—»\ Chuén bj b& mat H Ky thuat quét \

!

\ Luu trie va danh gia \

Hinh 2.27: Céc budc thyc hién theo quy trinh do kiém da duoc phé chuan
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CHUONG 3:
MO HINH TOAN QUANG PUONG DI CHUYENNGAN NHAT

3.1 Bai toan téi wu toan cuc trén bén chira

Bai toan t6i wu tim quang dudng di chuyén ngan nhat hoac thoi gian
di chuyén nho nhit ma robot di tir diém bat dau (Start) dén diém két thic
(Target) sao cho robot tranh dwgc 03 vat can (Cac mat bich trén thanh bon
chira) twong ung vai cdc dién tich khéng phai quét 1a mau xanh I4 cay trén
hinh 5.1.

-l D -
Lt L !
s t -
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P Target i
|
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I l [

I | [

Il ° | [

T I OCu)c : [
2 |
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|1 | [
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Y H Start | b
I : ]

r

Hinh 3.1: Mb ta bai toan tbi wu toan cuc trén bdn chira

Ham muyc tiéu cua bai toan: y = f(x) — min

Khi robot di chuyén tir diém 0 (P0) dén diém muc tiéu T (PT) va
tranh duoc cac vat can 1, 2, 3 va do bai toan nay la cac vat can da biét cho
nén viéc xac dinh quang duong di chuyén ngan nhat (shortest path), bang
phing (smoothness path) va an toan (safety path) c6 3 truong hop xay ra:

Trudng hop 1: Robot di chuyén tir PO — P11 — PT
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Truong hop 2: Robot di chuyén tir PO — P12 — P2 — PT
Truong hop 3: Robot di chuyén tir PO — P13 — PT

A
y Pr

Target

e /

/

0 X X X X
Start 11 12 13

Po

Hinh 3.2: Phuong 4n robot di chuyén tranh vat can
Ta goi toa do cua diém cua 2 diém lién k& nhau 12 Pi(x;, yi) va Pis1(Xis1,
Yir1), quang duong S; cua 2 diém lién ké nay duoc tinh theo cong thirc nhu

sau:
Siint = (i1 — )2+ Yier — Yi)? (3-1)
Viy téng chiéu dai cua quang dudng can di chuyén caa robot s Ia:
S= S+ 48 =X Sis1 (i=1...n=2) (3-2)

Vay, Ham muyc tiéu caa bai todn s¢ la: y = f(x) = S — min
3.2 Giéi thiéu cac phwong 4n di chuyén
3.3 Bai toan tim thai gian di chuyén
Bai toan duong dan c6 thoi gian ngan nhat tong quét cd thé dugc md
ta:

y=1f(X) — min
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tx2

w

ts1 ts3

a) Mgt chu ky quét b) Robot quay 1 goc
Hinh 5.6: Thoi gian cho 1 chu ky quét
Ta goi toa do cuia diém ciia 2 diém lién ké nhau 1a pi(Xi, Vi) VA Pir1(Xis1,
Vir1), quang dudng s; cua 2 diém lién ké nay duoc tinh theo cong thirc nhu
sau:

$i=V (Kirr = %)+ Yier — ¥1)? (3-3)
Vay téng chiéu dai cua quang dudng can di chuyén cua robot trong 1
chu ky quét sé la:
s=s5++s,=x"s; (=1,.,n=5) (3-4)
Goc xoay «; 1a boi s6 ctia goc quay co ban (o) Ciia robot (co gia tri
theo dic diém thiét ké cua robot), nghia la:
0 = a.04h (3-5)
Trong do: ag, : gbc xoay co ban ; a: hangsé,a € N
- Thoi gian xoay t, caa robot tai mot goc a; bat ky (ma khong di

chuyén) s la:
2m.R.a.agp

by = Vyi. 360 (3-9)

Téng thoi gian di chuyén cua robot cho mét chu ky di chuyén dugc tinh
theo cbng thuc:
13



t=Xts+ Xty (3-10)
Trong do: Nty =tgg +tsy +tgg + tgs +tss
3.4  Thuit toan toi wu biy dan PSO

Ham muc tiéu y = f(X) ma robot di chuyén cho 1 chu ky duogc xac dinh

nhu sau:
5 4

)=t (1) + Dt (1) X =X, Y1, %, Y2 X5, Yo Xa 0 Va | (3-11)
i=1 i=1

Nhur vy, m6 hinh bai toan dé robot di chuyén c6 thoi gian ngan nhét
duoc xac dinh nhu sau:

Q) y=f@O)=Y" ts+Xr ity = Min

S, __2m.R.a.acp,
@) 5= v’ Xi T 9,360
L pa

() a=1,2,3,4,56,7;0a4=45

0 = a.0ch

3.4.1 Giai thuat PSO

Céc budc khéac nhau cua PSO [24], [41, 44] nhu sau:

- Budc 1: Thiét 1ap céac gié tri cac bién ban dau Wmin  Wmax | C1 and
€2 cua thuat toan PSO.

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

- Buéc3: Thiétlapsdlanlagpk=1

- Budc 4: Tinh toan cac ca thé phd hop F*= f(X[),"i va tim
kiém ca thé c6 chi s6 tét nhat b.

k — K we k _ k
- Buéc 5: Lya chon Pbest = X', "i | Gbest” = X;

- Buéc 6: Xdc dinh W= Wy, - K (W, - Wy, )/ Maxite
- Budc 7: Cap nhat van toc va vi tri cua céc cé thé
Vit =w Vg rand () (Poestf - X[ )+, rand () (Ghest!- X[ ) jand i

Xi‘f;]-: Xilfj + Vi,kj+l; “jand i
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- Bu6c 8: Danh gia F*"* = f(X{*),"i vatim kiém ca thé ¢6 chi s6
t6t nhat b,
- Budc 9: Cap nhat Py ciia quan thé "i

Fik+1 < Fik Pbestk+l Xk+1

Néu thi ngugc lai

Pbest** = Phest’
- Budc 10: Cap nhat Ghbest trong quan thé

. EMl< EK Gbest**! = Pbest'<+l .
Néu & b thi va b= b, nguoc lai

Gbest**! = Gbest*

- Budc 11: Néu k < Maxite thi k= k+ 1 va tro lai bude 6 nguoc lai
tiép tuc 12

- Budc 12 : In giai phép t6i vu véi Gbest*

3.4.2 M6 phéng thuat todn PSO

Duya vao két qua & bang 3.2 cho thiy gi4 tri ham muc tiéu tét nhat c6 céc

gia tri N = 250, f(x) = 2.0080e+04; Buong dic tinh hoi tu khi thuc hién cac
s6 lwong quan thé khac nhau duoc trinh bay ¢ céc hinh 3.9.

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

™ N=100
N=150

s N=200
— =250

mm
el

Gia tri ham muc tieu f(x)
w -~

T
/

AN

H
[

1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
The he

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

=

Két qua md phong cho thdy duong dan khong duoc min (tron tru) 1a do
anh huong cua hé sé a, dudng dan ngan nhat s& c6 nhiéu gia tri khac nhau va
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dugc trinh bay ¢ hinh 3.10, 3.11, 3.12.

3.4.5 Pé xuit phwong 4n quét dwa trén két qua PSO

Duya vao két qua mé phong thuat toan tdi wu PSO, véi cac théng sb da
xé4c dinh dugc 1a w, ¢,, ¢,, kich thudc quan thé N, hé sé a = 1, 2 thi ham muc
tiéu cho két qua toi wu nhét. Phuong an quét t6i uvu duoc dé xuat trinh bay ¢
hinh 3.11.

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

Dé thir nghiém c6 do tin cay tdt, cong viéc thuc nghiém dugc tién

hanh 3 1an vai sb 1an lap 1a 3.

b) Robot di chuyén tir
1-2

d) Robot di chuyén tir 3-4 e) Robot di chuyén tir 4-5

Hinh 3.12: Robot di chuyén theo phwong 4n cua thuat toan PSO [45]
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Bang 3.3: Két qua thir nghiém robot chay trén md hinh thyc té.

Thi nghiém | f(x) md phéng | Thai gian di chuyén
STT | Lap thuc té (s)
1 115.94 116.54
1 2 115.94 117.96
3 115.94 118.98
1 115.94 117.98
2 2 115.94 117.98
3 115.94 118.94
1 115.94 116.84
3 2 115.94 118.77
3 115.94 118.00
Trung binh 115.94 118.00 +1.86

Duya vao bang dit liéu (bang 3.3) ta c6 thé thy la sai léch vé thoi gian
di chuyén trung binh qua 3 Ian lap so véi thoi gian md phong bang thuat toan
PSO 12 0.217 %.

Nhu vay, qua thuc nghiém kiém nghiém d6 tin cay khi robot di chuyén
theo phuong 4n cua thuat toan PSO da duoc dé xuat cho mot chu ky trén md
hinh thi nghiém cho thay d6 léch vj tri, thoi gian di chuyén Ia thap.
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CHUONG 4
NGHIEN CUU XAY DUNG BAI TOAN GHEP ANH MON

6.1 Nghién ciru xay dyng ban dé6 mon
Qua trinh tao dung ban ¢ mon dwoc méd ta & hinh 6.1.

Mo hinh bén Thiét bj siéu Hinh anh thu thip Ban d6 mén
clna bi an mén am PA tir siéu &m PA

l ’ e ! Matlab program

M- hiE

Hinh 4.1: M@ ta hé thong tao dung ban ¢6 mon

Ban dd mon duoc xay dung trén co s so khop va ghép cac anh mon
ctia cac dudng quét ké lién nhau s& c6 hai dang:
- Khéng chong dai bién: anh sau dugc ghép ké lién nhau nghia 1a & vi
tri ghép ndi ta nhin thiy 2 dai bién gidng nhau.
- Chong dai bién: anh sau duoc ghép chong dai bién I1&n anh truéc,
nghia 1 & vi tri ghép ndi dai bién trai caa anh thir (i+1) s& chong 1én dai bién
phai cua anh thi (i).

Anh () Anh (i+1) A[!h v6i canh Anh 'vc’yi canh bién
lién ké nhau trung nhau

Hinh 4.7: Ghép anh khdng chdng bién va chong bién [47]
Vi cac nghién ciu dugc phén tich mo trén, giai thuat ghép anh duoc
trinh bay nhu sau [51, 52]:
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- Budc 1: Khai tao ma tran anh dau vao tir dix liéu anh thu thap duoc

trong qua trinh siéu &m trén mo hinh bon chua.

- Budc 2: Lua chon anh thir nhat trong ma tran anh.

- Buéc3:Choni=1+ n-1

- Budc 4: Lya chon anh the i+1 trong d&i anh dé phuc vu so khép

- Budc 5: So khap bién anh bén trai thir i véi bién anh anh bién phai

tha i+1, mdi bién anh tring nhau trong khoang 5mm.

- Budc 6: Néu tring khép thi ghép anh i va i+1, néu khéng triing

khap thi thuc hién lai viéc so khép bién anh véi anh khéc.

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

- Budc 8: Xuat két qua ghép anh RGB.

- Budc 9: Phan tich thdng s6 ban &6 mon: vi tri, do sau va dién tich

mon va két thic qua trinh ghép anh.

Mot s6 chirc ning chinh cua chwong trinh ghép anh can xay dung duoc
dé xuét nhu sau [59, 60, 61]:

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

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

- Thang mau (colour scale): dung dé so sénh mau véi chiéu day con
lai cuia vat liéu hozc chiéu sau khuyét tat bi an mon.

- Thuc hign phéan tich an (Image Analysis): thyc hién phéan tich ban
dd mon vai cac gia tri nhu: vi tri, do su va dién tich khuyét tat. Thong sb cua
viéc phén tich anh dugc mo ta ¢ bang 4.1.

Bang 4.1: Thong s vé vi tri khuyét tat, dién tich, chiéu sau khuyét tat
Area Area Depth
(Pixel™2) (mm”2) | max. (mm)

Defect | x1 | yl | x2 y2

1
2
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Giao dién phan mém ghép anh phai c6 day du cac théng s6 phuc vu
cong viéc ghép anh nhu: nat chire ning vé 6 dia chira cac hinh anh thu thap,
ndt chirc nang ghép anh, phan tich anh va cac thdng sb vé toa do x, y ciia cac
vi tri chi thi mon, dién tich cac ving bi an mon va do sau 16n nhit khuyét tat
mon. C4c chtrc ning, khu vuc hién thi ban ¢6 mon RGB, Binary va cac thong
s6 mon theo giao dién caa phan mém dugc md ta nhu hinh 4.9 (Code Matlab

& phu luc 3).
- Pé xuat giao dién phan mém (Code Matlab & phu luc 4)
Ghépanh  Ghépinh fhhfm“ﬁh“f‘c
: nhiphi Ong 0 mon :
Chonthr 757 .44 RGE :’p f |
muc hinh \L CORRGSION MAP BUILDING PROGRAM \L
anh T aan] [ce] [ ] " A
= = B sau
khuyettat
Vitri, dién
tich khuyét
tat (pixel)
< Vitd, dién
tich khuyet
tat(mm)
Bandédman Bandémaén Lvu ‘E;én Tzilf?hﬁn
RGB Binary démon mém

Hinh 6.9: giao dién phin 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 mé hinh bon chia
5.1.1 Thiét ké mé hinh bén chira

Dé phuc vu cho qué trinh nghién ciu va thir nghiém chuyén dong cua
robot, cong viéc d6 kiém danh gia &6 mon bang siéu am PA chi can mot phan
nho két cdu cua bdn chira dugc ché tao theo tiéu chuan API 650 [28].

5.1.2 Ché tao m6 hinh bén chira

Hinh 5.2: M& hinh bon chira hoan thién
5.2.  Thuc nghiém do kiém d9 mon
5.2.1 Chuén bi md hinh bén chira

Khuyéttitmon2  Khuyéttdtmon 1

) Khuyét tat mon 3
Hinh 5.11: Khuyét tit mon trén md hinh bdn chia
21



5.2.3 Hiéu chuan thiét bi
a) Hiéu chuin thiét bj siéu &m OmniScan MX2
b) Hiéu chuén robot mang diu do siéu am
5.2.4 Phwong 4an quét trén mé hinh bon chira
5.2.5 Thuc nghiém do mon
5.3 Thuc nghiém xay dwng ban dé mon
5.3.1 Xay dwng ban d6 mon
Ung dung phan mém va thuc hién trinh tu 6 budc ghép anh véi 30 hinh
anh mon C-Scan thu thap duoc tir 1an quét ther 1 tao 1ap ban d6 mon, két qua
phan mém di ghép anh duoc 01 ban dd mon theo dang mau RGB va mot ban
d6 mon nhi phan binary va phan tich cac théng sé cia khuyét tat mon.

1 ®d
CORROSION MAP BUILDING PROGRAM

. J| o20ass
Open file Corrosion Map Binary Image Analysis

Saveas Close

Hinh 5.19: Ban ¢6 mon ciia mot lan quét

5.3.2 Két qua va thao luan

Théng qua 5 lan thyc nghiém cho robot kiém tra danh gia ¢ mon
trén md hinh bdn chia, so sanh thoi gian quét thuc nghiém trén mé hinh bon
chta voi thoi gian mé phong theo thuat toan PSO. Bang 5.1 cho thay thoi
gian di chuyén cua robot tng véi mai lan thuc nghiém cuing véi gié tri trung
binh va 95% khoang tin cay cua phép do, 95% khoang tin cidy Ae dugc Xac
dinh bang 1,96 lan sai léch chuan .
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Bang 5.1: Thaoi gian trung binh qua 5 1an quét

S6 1an thwc | Thai gian di chuyén
nghiém cho tirng lwot quét (s)

1 3496.24
2 3538.86
3 3507.35
4 3538.37
5 3538.90

Trung binh 3523.94 + 25.56

Dua vao bang 5.1 ta c6 thé thay rang thoi gian di chuyén trung binh
qua 5 lan thuc nghiém c6 do sai léch chuan 1a £25.56 (s).

3,560.00 - _
3,550.00 |- t+Aoc
3,540.00 | [ ] [

£ 353000 | _
i~ t
o 3,520.00 f
o
(=] L
] 3,510.00 =
= 3,500.00 | -
2 DS t-Ac
& 349000 f
3,480.00
3,470.00
3,460.00 : : :
1 2 3 4 5
Lan thuc nghiém
Hinh 5.20: Thoi gian quét qua 5 lan thyc nghiém
Béng 5.2: Vi tri cac diém c6 su dn mon
Luot Vi tri (mm)
quet 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

23



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 | +019 | +025 | +014 | =004 | £043 +0.96
Bang 5.3: Do sdu va dién tich mon twong tng Vi vi tri ¢6 mon
Luot | Vitri P sau (mm) Dig¢n tich (mm?)
quét dy d, ds s S S3
1 (X1, y1) | 1.9946 | 1.9918 | 1.9828 | 9263.8 | 5623.9 | 5055.5
2 (X2, ¥2) | 1.8603 | 1.9927 | 1.8875 | 9323.9 | 5640.3 | 4880.6
3 (X3, ¥3) | 1.8975 | 1.9782 | 1.9057 | 9206.4 | 5623.9 | 5101.9
4 | (xevs) | 1.8939 | 1.9782 | 1.9039 | 9064.3 | 5522.8 | 4965.3
5 (Xs, ¥5) | 1.8150 | 1.8667 | 1.8803 | 9176.4 | 5522.8 | 5096.5
Trung binh ];%953 190632 1%152 92(_)1_7.0 558f.7 50i0.0
- - - 8740 | 5255 | 85.14

Dya vao bang 5.2 va 5.3 1a két qua phan tich cac gia tri ban dd mon

cho thay cac gia tri nhu sai s vi tri, d6 sau, dién tich cua khuyét tat mon tng
v6i mdi lan thyc nghiém cuing vai gid tri trung binh va 95% khoang tin cay
cua phép do, 95% khoang tin cdy As duoc xac dinh bang 1,96 lan sai léch
chuan 6. Két qua do duoc phan tich & cac do thi sai léch chuan tir hinh 5.21

dén 5.24.
- Vi tri toa do khuyeét tat mon 1(xy, y1); 2(Xz, Y2), 3(Xs, Ya):
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a A A
76148 — - — - e e e o X3-A\6
x /-\/
@& 51346 ———————— - ——— Xo+AG
= A A _
2 51319} - — - _____A __ _~ _ %
ey
2 B1201f e A %06
ko]
L
25811~~~ — === P Xi+AG
257741 — —— = g — e — = %
%736 - - — A A T As
1 1 1 1 1 :
1 2 3 4 5

Lan thyc nghiém

Hinh 5.21: Vi tri toa dd X1, X, X3 qua 5 lan thuc nghiém
Trén hinh 5.21 cho thiy vi tri toa d6 khuyét tat xy, X,, X5 qua 5 lan thuc
nghiém déu nam trong gii han 95% khoang tin cay cho phép, cu thé 1a x;
nam trong khoang (257.36, 258.11), x, nam trong khoang (512.91, 513.46)
va x3 nam trong khoang (761.48, 763.17).
- Do sau khuyét tat mon dy, ds, ds:

Trén hinh 5.23 cho thiy d6 sau khuyét tat mon d1, d2, d3 qua 5 lan
thuc nghiém déu nam trong giGi han 95% khoang tin cay cho phép, cu thé la
d1 nam trong khoang [2.010, 1.775], d2 nam trong khoang [2.060, 1.864] va
d3 nam trong khoang [1.990, 1.834].

- Dién tich khuyét tat sy, S, Ss:
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12}
R G G Se
2 A A -
3 55867—-—-—-— - = 5
% 54837 A A _
S ' [/ ******************************* s>-A6
s M
a _
93783~ — - - oo ooo oo S+As
A _
92070 —-— - -—-— - — A ——— - ——— &
9035.7 — — — — o ___ ! A" .
1 1 1 1 1 >
1 2 3 4 5

Lan thyc nghiém

Hinh 5.24: Dién tich khuyét tat s,, s, S; qua 5 lan thuc nghiém

Trén hinh 5.24 cho thay dién tich khuyét tat mon sy, s,, S; qua 5 lan
thuc nghiém déu nam trong gisi han 95% khoang tin cay cho phép, cu thé l1a
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 vy, véi két qua thuc nghiém
thu dwoc cac gia tri vé chi sb do say sy, S,, S3 da phan tich tir phan mém ghép
anh cho thay céac gia tri nay co do tin cay cao va c6 thé ung dung vao bon
chira 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 moi truong bén ngoai dén bon
chura that.
5.3.3 So sanh két qua véi thuc nghiém do dd mon bing tay

Quy trinh do kiém bing tay dwoc thuc hién bai cac ky thuat vién do

kiém cua Cong ty giai phép kiém dinh Viét Nam (VISCO NDT). Quy trinh
do mon siéu 4am PA tuong ty nhu do bang robot, tuy nhién khac nhau ¢ chd
dau do siéu &m PA dugc cAm bang tay thuoc hién quét theo phuong thang
dtng va truc tiép di chuyén di chuyén trén mé hinh bon chaa. Qua trinh do
va thu thap hinh anh mon nhu hinh 5.25.
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Bang 5.4: So sanh két qua do

Két qua do trung binh bing robot Két qua do truc tiép bing tay
Defect 5 d d
x (mm) |y (mm) mm2) | (mm) x(mm) |y (mm) (mm)
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 5020.0 191 762.22 | 617.80 191

Dua vao bang 5.4 so séanh két qua do bang robot va thu cong, c6 thé
mo ta so sanh cac théng sb qua cac do thi ¢ hinh 5.27, 5.28 va 5.29.

W Toa d6 x khi do robot
B Toa do x khi do thu cong

800 +

700 4~

600 +~

500
400 7

300 -7 —
200
100

0 ¥ T
1 2 3

Toa do x

So sanh vi tri X1, X3, X3 cua khuyét tat

Hinh 5.27: So sanh toa d6 x cua khuyét tat khi do bang robot va thu cong
Dua vao bang 5.4 va hinh 5.27 ta thay, gia tri toa do x khi do bang
robot va thii cong c6 gia tri ngang bang nhau. Két qua trén ching minh rang
robot do kiém thu thap hinh anh C-Scan ¢6 d6 chinh xac cao va phan mém
ghép anh ciing phan tich duoc gia tri cac thdng s6 mon phu hop véi cong
nghé do kiém trén thiét bj do thu cong.
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B Toa dd y khi do robot
B Toa dd y khi do thu cong

800 « _

700+ .
600 -"’
500 + -
a00

Toaddy

300 +°
200 +

100 -

[ + ' v

1 2 3
So sanh vi tri y1, Y2, Y3 cia khuyet tat

Hinh 5.28: So sanh toa d6 y cua khuyét tat khi do bang robot va tha cong

Duya vao bang 5.4 va hinh 5.29 ta thdy, gia tri toa d6 y khi do bang
robot va thu cdng c6 gia tri ngang bang nhau.

B  Chiéu siu d khi do robot
B Chidu sau x khi do thii cong

196
1.94
192
19
1.88
1.86
1.84
1.82
18
1.78 +& T t o :
1 . 2 3
So sanh chiéu sau dj, dy, d3 ciia khuyét tat

LA N i

Chiéu sau khuyét tat d

Hinh 5.29: So sanh d¢ sau d cua khuyét tat khi do bang robot va thi cong

Duya vao bang 5.4 va hinh 5.29 ta thiy, gi tri do sau khuyét tat mon
d khi do bang robot va tha cdng c6 gia tri ngang bang nhau hoic c6 sai léch
rat nho tir 0.01 — 0.04 mm. Két qua trén ching minh rang robot do kiém thu
thap hinh anh C-Scan c¢6 d6 chinh xac cao va phian mém ghép anh ciing phan
tich dwoc gia tri cac thdng sé mon phi hop véi cong nghé do kiém trén thiét
bi do thu cong.
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KET LUAN VA KIEN NGHI
1.  Kétluan

Luén &n trinh bay cac két qua nghién ctu giai phap do mon bon chira
xang dau try dang ¢ dung tich tir 10,000 m® trg 1én bang phuong phap kiém
tra siéu am té hop pha (Phased Array Ultrasonic Testing). Nhitng dong gop
chinh cua luan 4n dugc tém tit nhu sau:

- Pé xuét quy trinh thyc nghiém do d6 mon tmg dung k¥ thuat kiém
tra siéu am t6 hop pha (PAUT) sir dung robot mang dau do siéu am PA dugc
chimg nhan dé do do mon bon chira xing dau dung tich 16n. Phuong phap do
mon mai nhat hién nay sir dung hinh anh mau C-Scan phuc vu cdng viéc
ghép anh lap ban d6 an mon.

- X&y dyng dugc mod hinh toan xac dinh dugc quang duong di
chuyén ngan nhat trén co so thuat toan bay dan PSO, phu hop véi yéu cau ky
thuat cta robot mang dau do siéu 4m PA ty ché tao. Thong qua md phong
Matalb x4c dinh duoc phuong 4n do kiém cua robot phi hop véi phuong
phap kiém tra siéu am PA thyc nghiém trén mé hinh bdn chira xang dau dung
tich 16n.

- Xac dinh, phan tich cic thong s6 bién anh mon C-Scan va ky thuat
so khép bién anh ctia cac anh mon lién k& nhau nham phuc vu cong viée xay
dung bai toan ghép anh mon trén co s¢ xur ly anh tmg dung phin mém
Matlab.

- Xéc dinh duogc cac thdng s6 mon: dién tich, do sAu, vi tri dya vao
chuong ghép anh 1ap ban dd mon véi thuat toan ghép anh da duoc dé xut,
dugc md phong, phan tich tinh toan trén phan mém Matlab.

2. Kiénnghi

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

- Tiép tuc thuc hién nghién ciru do kiém trén bdn chia c6 kich thude
that trén 10,000 m®, két hop véi doanh nghiép do kiém thuc hién cac phuong
an do khac nhau nhim d4nh gia hét kha ning cua dé tai.

- Tiép tuc phép trién phan mém ghép anh, tao dung ban d6 mon tong
thé véi kich thuéc 16n hon.
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INTRODUCTION

1. Question

The inspection and evaluation of the tank quality allow decisions to
license a new one, to continue using it, or to request a temporary suspension
of operation and repair. The equipment used and operated manually requires
the installation of a scaffolding system, depending on weather conditions, so
the testing time is a long, the reliability of the results depends on the skill of
the technician. In addition, due to manual inspection, the productivity is low,
the test results do not provide the overall corrosion map of the tank, and there
is a potential risk of occupational safety when the technician performs the
test. Since then, the need to shorten the time, ensure safety, improve
productivity and increase the reliability of tank corrosion test results by
testing procedures with the support of self-propelled testing equipment

(robotics) has been of research interest [1].
, : IR

Figure 1: Manual corrosion test [2]

The study of test plans and manufacture of self-propelled equipment
carrying measuring heads allows testing and assessment of tank corrosion to
be able to master the technology and manufacture in the condition that
domestic technology is an urgent and meaningful issue. Subject: "Research
on measurement and evaluation solution of corrosion for fuel tanks using
robots carrying ultrasonic probes".

2. The scientific and practical significance of the thesis

2.1 The scientific significance



- Building a mathematical model that allows determining the shortest
distance moveed based on the characteristics of the PA ultrasonic testing
method as well as the characteristics of the robot carrying the PA ultrasonic
probe.

- Proposing a test plan to test the application of a robot carrying a PA
ultrasonic transducer to test the corrosion of fuel tanks based on the shortest
move distance trajectory found.

- Proposing the image merging algorithm to create a corrosion map
suitable for the PA ultrasonic process to measure the corrosion of fuel tanks
using a robot carrying a PA ultrasonic probe.

2.2 The practical significance

- Application of a robot carrying an ultrasonic probe to test the
corrosion of the tank will shorten the inspection time, free up labor and bring
high economic and productivity efficiency to the market. Ultrasonic detector
contributes to improve inspection quality for fuel tanks.

- The research results of the topic contribute to automation in
checking and evaluating the corrosion of fuel tanks, having high value in
practical application.

- To build a map of the corrosion of fuel tanks, allowing monitoring
and proactive planning of operations, maintenance and maintenance of tanks.
3. The structure of the thesis: The structure of the thesis includes as the
following:

- Introduction

- Chapter 1: Overview of research

- Chapter 2: Experimental procedure to measure and test corrosion for
fuel tank

- Chapter 3: Mathematical model of shortest move distance

- Chapter 4: Building the problem of corrosion image merging

- Chapter 5: Experimental research for measurement and build to
corrosion map



- Conclusions and recommendations.
CHAPTER 1
OVERVIEW RESEARCH

1.1 Actual situation of tank corrosion testing in Vietnam
- Using PA ultrasonic technique for manual measurement.
- Using scaffolding system, cable when performing inspection,...
- There are many potential safety risks.
- Inspection long time.
- Testing results depend on ultrasound technician qualifications.

a) Quality inspection of manual tanks b) Technicians test the quality of
in Vietnam tanks with manual equipment
Figure 1.8: Manual inspection of fuel tanks in Vietnam [2]
- The evaluation is done later, so it depends greatly on the quality of the
input image. When detecting errors such as images that do not reach
resolution, are not adjacent to each other, etc., it is very difficult to

organize the ultrasound.

- ldentify corrosion areas by sensory methods and conduct corrosion
assessment tests only in that area. Therefore, there is not enough data to
construct a tank corrosion map.

1.2  Existences and research directions
1.2.1 Existences



- Equipment: the current corrosion assessment testing mainly uses
conventional ultrasonic or PA ultrasonic methods;

- Robot: has been used in the ultrasonic inspection process, but mainly
to test welding defects and corrosion for pipes. Tank corrosion measurement
robot is still mainly testing and assessing corrosion in a defined area, does not
pay much attention testing plan, indirect image fusion and is very expensive
due to copyright technology.

- Technicians: must be trained by foreign experts.

- Test plan: there is no mention of specific measurement plan for each
type of robot.

- Shortest move distance: Some studies have applied PSO, GA
algorithms [23, 24, 25, 26] to determine the optimal move plan to find the
shortest move distance or avoid objects. However, it is mainly a simulation,
not experimentally compared on actual models and to evaluate the level of
tank corrosion. In Vietnam, there is currently no published application of the
test plan with the shortest move distance.

- Corrosion Mapping: mainly image compositing directly on
ultrasound equipment system or indirect image compositing on PC using
proprietary software [11, 12]. No publications have been found on image
processing in general, and image compositing to build corrosion maps for
fuel tanks.

2.2.2 Research directions

Currently, the PA ultrasound method has been strongly applied in
Vietnam. Due to the expensive equipment, the inspection personnel need
rigorous training and most importantly, the measurement procedures, test
plans as well as experience in image decoding and corrosion mapping require
transfer technology or purchase a license. Therefore, in the current situation
of manual corrosion assessment and testing, there is low productivity and
accuracy, time consuming and many potential safety hazards for the
inspectors who need to deploy measurement work with advanced technical
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technology, reliability, high productivity and safety. Especially in recent
times, the strong development of Vietnam's economy has led to an explosion
of petroleum storage - port projects, or in other words, the number of large-
capacity petroleum storage tanks has increased dramatically. Ask for
inspection, assessment, maintenance, and scheduled maintenance after
manufacturing as well as after a period of use. From the above comments, the
research direction in the thesis is proposed as follows:

- Studying fuel tanks and corrosion defects that often appear on fuel
tanks. Researching the corrosion testing methods, especially PA ultrasonic
corrosion testing;

- Researching the method of tank fragmentation using laser distance
measuring device and laser level balancing device for scanning areas on the
tank, locating robot and ultrasonic measuring PA probe by camera
observation, the robot problem avoids global obstacles (obstacles are pipes
waiting for flanges) to go to the starting points to perform the next scan lines.

- Research and design a robot that can carry PA ultrasonic transducers
for tank corrosion testing;

- Researching a mathematical model to help determine the shortest
move distance on the basis of the PSO swarm optimization algorithm to
propose a test solution (measurement plan) to evaluate the corrosion of fuel
tanks;

- Research on how to collect data from the PA ultrasound method to be
able to combine the data to form a corrosion map;

- Research, build algorithm for image merging, corrosion mapping
from C-Scan data collected by PA ultrasound method.

- Experimenting with the application of a robot carrying an ultrasonic
transducer to check the corrosion on a tank model on the basis of theoretical
results; Compare with traditional testing techniques to determine the accuracy
and reliability of the proposed measurement.



CHAPTER 2
EXPERIMENTAL PROCEDURE TO MEASURE AND TEST
CORROSION FOR FUEL TANK

2.1 Researching design and manufacture a robot carrying an PA

ultrasonic probe
2.1.1 Technical requirements of the robot

To be able to carry an ultrasonic probe to measure and evaluate
corrosion, the tank construction material is steel, and the self-propelled
equipment (robot) needs to meet the following requirements [27]:

- Robot moves by 4 magnetic wheels, has the ability to move on the
XY plane, has the ability to move forward/backward, turn right/left by
manual control or pre-programmed;

- The robot attaches to the wall of the tank with a permanent magnet,
can carry the robot load and its accessories about 20 kg;

- The speed of the robot can reach 100 mm/s, stable operation at 25 -
50 mm/s (speed when performing PA ultrasonic testing);

- The robot has the ability to move flexibly on the surface of the tank
wall and easily overcome welding seams or protrusions and concaves.
2.1.2 Fabrication and testing

- 168 N
I
‘-: ~n 11

a) Robot design model b) Completed robot

Figure 2.1: Robot carrying ultrasonic PA probe [27]
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2.1.3 Base, solution to locate the ultrasonic PA probe

Using the standard ruler and ultrasonic sensor to determine the
coordinates of the robot position, thereby evaluating the reliability of the
robot in two directions: vertical and horizontal. The standard ruler is placed
in the X, y directions as shown in Figure 2.2.

Use 4 ultrasonic sensors SRFO05, 2 in front, 2 behind to measure the
distance of x, y coordinate values and adjust the speed of the wheels so that
the robot moves at the same speed, maintaining the moving position move to
reach the desired position.

a) Positioning the standard ruler by b) Install the standard ruler
Laser
Figure 2.4: Positioning and installing the standard ruler in the two directions x, y

a) Setting robot parameters b) Robot moves on tank

Figure 2.5: Positioning the robot by ultrasonic sensor SRF05
7



2.1.4 Robot reliability test

4.1.4.1 Robot moves vertically

Let the robot move vertically from bottom to top with a move distance
s = 1000 mm (moving from point A to point B).

[B] (0,2000)
A

{

|

¥l
£ 5 +9

(4] ©.0

a) Move distance b) Starting point ¢) End point
Figure 2.6: Diagram of vertical robot movement
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Figure 2.7: Vertical scanning time through 9 experiments
Figure 2.7 shows that the vertical move time through 9 experiments is
within 95% of the allowable confidence interval of vertical move time
ts + 1.960, specifically is t; in the range [28.50, 28.66].

2.1.4.2 Robot moves horizontally
- Let the robot move horizontally from bottom to top with a move
distance s = 1000 mm (moving from point A to point B).



Figure 2.9 shows that the horizontal move time through 9 experiments
is within the 95% limit, and the allowable confidence interval of the
horizontal move time is ty + 1.960, specifically is ts in the range [28.50,
28.66].

2.1.4.3 Robot di chuyén theo phwong xién

- Let the robot move in an oblique direction from left to right with a
move distance s = 502.49 mm (moving from point A to point B).

- Figure 2.11 shows that the move time in the oblique direction
through 9 experiments is within the 95% limit, and the allowable confidence
interval of the horizontal move time is ty + 1.96 0, specifically is t; in the
range [25.73, 26.39].

2.3 Proposing inspection procedure of corrosion by ultrasonic PA
(Approved by NDT level I11)
2.3.1 Purpose and scope of application

Quy trinh ndy cung cép cac diéu kién chung duoc hudng dan cu thé
khi thuc hién kiém tra bang phuong phép siéu 4m t6 hop pha str dung thiét bj
Olympus Omniscan MX2 kiém tra @ mon cho than bon chira xang dau dung
tich I6n, ung dung trén md hinh bon chira da ché tao theo tiéu chuan API
650:2016 [28].

Quy trinh ndy mo ta cong tac kiém tra do mon bang phwong phap
siéu &m t6 hop pha (PAUT) can dwoc tuan thu va ap dung dé thuc hién kiém
tra do day con lai cua than bdn chira xing dau. PAUT dang str dung ky thuat
kiém tra bang robot mang dau do PA.

This procedure provides general conditions for specific guidance
when performing phase-coupled ultrasonic testing using the Olympus
Omniscan MX2 corrosion test instrument for fuel tank bodies, applications
on a tank model manufactured according to APl 650:2016 [28]. This
procedure describes the phase-coupled ultrasonic corrosion test (PAUT) that
should be followed and applied to perform a residual shell tank thickness
testing. PAUT is using robotic inspection technique carrying PA probe.

9



2.2.2 Applicable criteria
2.2.3 Technician qualification
2.2.4 PA ultrasonic testing equipment
2.2.5 Probe and record data
2.2.6 Couplan
2.2.7 Standard block
2.2.8 Scan sensitivity
2.2.9 Prepare the surface of the fuel tank
2.3.10 Scanning technique
2.3.11 Report/assess the results collected
2.3.12 Document

The information in the PAUT report should include the following:
Number of drawings, number of scan lines, number of items, scanned
position on the plate, nominal thickness, remaining thickness, size of
corrosion area (length and width)...

All documentation of NDT process performance qualifications should
be kept as quality management records.

The sequence of steps performed according to the approved test
procedure is shown in Figure 4.19.

\ Tiéu chudn ap dung \—ﬂ Trinh d nhan vién NDT H Thiét bi kidm tra \

'

‘ Hiéu chuan khéi H Chét tiép am H DAu do va encoder ‘

\ D6 nhay quét ’—»\ Chuan bi bé mat H Ky thuat quét \

!

\ Luu trr va danh gia \

Figure 2.27: Steps to be taken according to the approved test procedure
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CHAPTER 3:
MATHEMATICAL MODEL OF SHORTEST DISTANCE

3.1 Global optimization problem on the tank

The optimization problem is to find the shortest move distance or the
smallest move time that the robot moves from the starting point (Start) to the
end point (Target) so that the robot avoids 03 obstacles (Flanges on the tank
wall contain) corresponding to the non-scanned areas shown in green in
figure 5.1.
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Figure 3.1: Description of the global optimization problem on the tank
The objective function of the problem: y = f(x) — min
When the robot moves from point 0 (P0) to the target point T (PT)
and avoids obstacles 1, 2, 3, and because this problem is known obstacles, the
determination of short move distance shortest path, smoothness path and safe

path have 3 cases:
11



Case 1: Robot moves from PO — P11 — PT
Case 2: Robot moves from PO — P12 — P2 — PT
Case 3: Robot moves from PO — P13 - PT

A
y Pr

Target

Y13 /
/

Xy

X X X
Start 11 12 13

Figure 3.2: The robot option moves to avoid obstacles
We call the coordinates of the points of two adjacent points Pi(xi, Vi)
and Pi.1(Xi+1, Vis1), the S; distance of these two adjacent points is calculated by
the following formula:

St =V (iwr = %)% + i1 — ¥0)? (3-1)
So the total length of the robot's distance to move will be:
S=S++85, =25 Si+1 (=1..,n=2) (3-2)

So, the objective function of the problem will be: y = f(x) =S — min
3.2 Introducing the plan to move
3.3 The problem of finding move time
The general shortest path problem can be described:
y=f(X) — min

12



A A

ts1 ts3

a) One scan cycle b) Robot rotates an angle @
Figure 5.6: Time for 1 scan cycle
Calling the coordinates of the points of two adjacent points pi(X;, Vi)
and pi+1(Xi+1, Yie1), the distance s; of these two adjacent points is calculated by
the following formula:
51=y/ (Xir1 = )2+ Yie1 — ¥0)? (3-3)
So the total length of the robot's distance to move in 1 scanning cycle
will be:

s=s5++s,=x"s; (i=1,..,n=5) (3-4)
The rotation angle «; is a multiple of the basic rotation angle (a ,) of
the robot (valid according to the design characteristics of the robot), that is:
0 = a.0¢p (3-5)
Where: ag,: basic rotation angle; a: constant,a € N
- The rotation time t, of the robot at any angle «; (without moving)

will be:
_2m.R.a.ag

t, = -
i Vyi. 360 (3-9)

The total move time of the robot for one move cycle is calculated by the
formula:
13



t=Yt+Xt, (3-10)

Where: Dts =tg +tgy + tgz + tey + ts

3.4 PSO algorithm
The objective function y = f(X) that the robot moves for 1 cycle is

defined as:
5 4
FOO=D 6 (1) + Dt (1) X =X, Y1, %, Y21 Xs, Yo Xe Va | (3-11)
i=1 i=1

Thus, the problem model for the robot to move with the shortest time
is determined as follows:

(1) y=fO)=Xkits+ 21ty > Min

Si. __2m.R.a.acp,

@) 5= v’ Xi T 9,360 °

3) a=1,2,3,4,56,7;a4=45

Oj = a.0cp

3.4.1 PSO algorithm

The steps of PSO [24], [41, 44] are as follows:

- Step 1: Set the initial variable values: "
PSO algorithm.

- Step 2: Initialize a population of node points for position X,

min, Wmax, C:L and C2 Of

velocity V.
- Step 3: Set the number of iterations k = 1

. Ff= £ (X)) "i :
- Step 4: Calculate the suitable particles ' ( ! ) "and find

the particle with the best index b.

k — K w: k _ k
- Step 5: Select Pbesty = X', "i |, Gbest® = X,

- Step 6: Determine W= W, - K (W - Wy )/ Maxite
- Step 7: Update the velocity and position of the particles
Vit =w Vg rand () (Pbest - X[ )¢, rand () (Gbests - X ) "jand i

Xt = X+ Vvt mjand i

14



= f (X)),

- Step 8: Evaluating fitness
index of the best particle b,

and finding the

- Step 9: Update Ppes Of the population !

K+l ok K+l — yk+l k+1 — k
§ B TSR hen PESETT= X o PhestT = Phest;
- Step 10: Cap nhat Gbest trong quan thé
k+1 < k k+1 _ k+1
it TSP e GPESUTEPRESLT b=1b, else

Gbest**! = Gbest*
- Step 11: If k < Maxite then k= k+ 1 and go to step 6 else go to
step 12.

- Step 12 : Print optimum solution as Gbest*
3.4.2 M6 phéng thuat toan PSO
Based on the results in Table 3.2, it shows that the best objective
function values have the values N = 250, f(x) = 2.0080e+04; Convergence
curves for different populations are shown in Figure 3.9.
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The he

Figure 3.9: Average convergence curve [45]
The simulation results show that the path is not smooth (smooth) due
to the influence of the coefficient a, the shortest path will have many different
values and are presented in Figures 3.10, 3.11, 3.12.
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3.4.5 Proposing scanning options based on PSO results

Based on the simulation results of the PSO optimization algorithm,
with the determined parameters w, ¢y, C,, population size N, coefficienta = 1,
2, the objective function gives the most optimal results. The proposed
optimal scanning plan is presented in Figure 3.11.

3.4.6 Testing the robot according to the movement plan found

For the test to have good reliability, the experimental work was
conducted 3 times with the number of iterations of 3.

a) Robot moves from 0-1  b) Robot moves from 1-2  ¢) Robot moves from 2-3

d) Robot moves from 3-4 e) Robot moves from 4-5

Figure 3.12: Robot moves according to the PSO algorithm [45]
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Table 3.3: Results of testing the robot running on the actual model.

Experiment f(X) Actual move
No. times simulation time (s)
1 115.94 116.54
1 2 115.94 117.96
3 115.94 118.98
1 115.94 117.98
2 2 115.94 117.98
3 115.94 118.94
1 115.94 116.84
3 2 115.94 118.77
3 115.94 118.00

Average 115.94 118.00 + 1.86

Based on the data table (table 3.3), we can see that the deviation of
the average move time through 3 iterations compared with the simulation
time by the PSO algorithm is 0.217 %.

Thus, experimentally testing the reliability when the robot moves
according to the proposed PSO algorithm for one cycle on the experimental
model shows that the position deviation, the moving time is low.
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CHAPTER 4
RESEARCH ON BUILDING THE PROBLEM OF CORROSION
IMAGE MERGING

6.1 Research on building corrosion map
The process of creating a corrosion map is shown in Figure 6.1.

MB& hinh bén Thiét bi siéu Hinh anh thy thép Ban d6 mén
chita bi in mon am PA tr sifu am PA

1 2 Ty ’ ! Matlab program

Figure 4.1: Description of the corrosion map generation system
The corrosion map built on the basis of matching and merging the
corrosion images of adjacent scan lines will have two forms:
- Without overlapping adjacent image: the following images are
contiguously contiguous, that is, at the junction position and see 2 similar

adjacent images.

- Overlapping adjacent image: the following image is superimposed
on the previous image, that is, in the position of joining the left adjacent of
the (i + 1) image, it will overlap the right adjacent of the (i) the image.

Anh (i) Anh (i+1) Arlh v6i canh Anh v6i canh bién
lién ké nhau tring nhau

Figure 4.7: Merging image without and with overlapping adjacent [47]
With the above analyzed studies, the image merging algorithm is
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presented as follows [51, 52]:

- Step 1: Initialize the input image matrix from the image data
collected during the ultrasound on the tank model.

- Step 2: Select the first image in the image matrix.

- Step 3: Choosei=1n-1

- Step 4: Select the i+1™ image in the image range for matching

- Step 5: Match the i" left edge of the image with the i+1™ right edge,
each of which coincides within 5mm.

- Step 6: If they match, then combine the images i and i+1, if they don't
match, then re-match the edge of the image with another image.

- Step 7: If i < n, save and export the Binary image.

- Step 8: Export the result of RGB image merging.

- Step 9: Analyze corrosion map parameters: location, depth and area
of corrosion and finish the image merging process.

Some main functions of the image stitching program to be built are
proposed as follows [59, 60, 61]:

- Select folder (open files): allows you to select the drive (including
external drive), select the folder containing the images to be processed.

- Perform image fusion (Corrosion map): perform the merging of
images in the selected folder to build RGB color image trail map and Binary
binary image merging map.

- Color scale: used to compare the color with the remaining thickness
of the material or the depth of the corrosion defect.

- Perform image analysis: perform corrosion map analysis with values
such as position, depth and defect area. The parameters of the image analysis
are described in Table 4.1.

Table 4.1: Parameters of defect location, area, and depth of defect

Area Area Depth
(Pixel"2) (mm"2) | max. (mm)

Defect | x1 | y1 | x2 y2

1
2
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The image merging software interface must have all the parameters for
image merging such as: a function button on the drive containing the
collected images, a function button for merging images, analyzing images
and parameters of coordinates X, y of the corrosion indicator positions, the
area of the corroded areas and the maximum depth of corrosion defects.
Functions, display area of RGB, Binary corrosion map and corrosion
parameters according to the interface of the software are described as figure
4.9 (Code Matlab in Appendix 3).

- Proposed software interface (Code Matlab in Appendix 4)

Ghép dnh  Ghép anh t?&n tI'Ehc:ic
iphé ongsd mon
Chonthr 7=~ - RGB ﬂh-'!zphﬂﬂ
muc hinh \L CORRE/SION MAP BUILDING PROGRAM 1“_
anh T7 s comeei | oy g " g hyna

= 3 Bé 3_,&1.1
khuyettat

o | Vitd, dién
| tich khuyét
tit(pixel)

<—Vitd, dién
tich khuyét
tat{mm)

Lirbia e

Bandéman Bandémén Luu ‘E:.é..n T{r{phﬁn
EGB Bmary démaon mém

Hinh 6.9: giao dién phan mém ghép anh
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CHAPTER 5
EXPERIMENTAL RESEARCH FOR MEASUREMENT AND

BUILD TO CORROSION MAP
5.1 Design and fabricate tank model

5.1.1 Design tank model

To serve the research and testing process of the robot movement, the

work that tests the corrosion assessment by ultrasonic PA requires only a

small part of the structure of the tank made according to APl 650 standard
[28].

5.1.2 Fabricate tank model

Figure 5.2: Finished tank model

5.2. Experimental corrosion test
5.2.1 Prepare tank model

Khuyéttatmon2  Khuyéttatmon 1

) Khuyét tait mon 3
Figure 5.11: Corrosion defects on tank model
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5.2.3 Instrument Calibration
a) Calibration of the OmniScan MX2 ultrasonic
b) Calibration of robot carrying ultrasonic probe
5.2.4 Scanning plan on tank model
5.2.5 Corrosion test
5.3 Experimental of the corrosion map
5.3.1 Building corrosion map
Using the software and performing a 6-step sequence of image
merging with 30 C-Scan corrosion images collected from the 1% scan to
create a corrosion map, the software resulted in a composite image of a color
corrosion map RGB and a binary corrosion map and analysis of corrosion
defect parameters.

1 ®d

CORROSION MAP BUILDING PROGRAM

Open file Corrosion Map Binary x : Image Analysis

Figure 5.19: Corrosion map

5.3.2 Results and discussion
Through 5 times of experiment for the robot to test and evaluate the corrosion

on the tank model, compare the experimental scanning time on the tank
model with the simulation time according to the PSO algorithm. Table 5.1
shows the move time of the robot for each experiment along with the mean

value and 95% confidence interval of the measurement, 95% confidence
22



interval Aes defined as 1.96 times standard deviation & .

Table 5.1: Average time for 5 scans

Number of experiments Move time for each scan(s)
1 3496.24
2 3538.86
3 3507.35
4 3538.37
5 3538.90
Average 3523.94 *+ 25.56

Based on Table 5.1, we can see that the average move time for 5 times
of experiment has a standard deviation of £25.56 (5).

3,560.00
355000 | t+Aoc
3,540.00 | = = =
_<§ 3,530.00 | _
5 352000 | t
=]
§ 351000 | =
= 350000 | =
2 X t—Ao
&= 349000
3,480.00 |-
3,470.00 |
3,460.00 : : :
1 2 3 4 5
Lan thuc nghiém
Figure 5.20: Scanning time over 5 experiments
Table 5.2: Location of corrosion points
No. of Location (mm)
Scans X1 Y1 X2 Y2 X3 VE]
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
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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
Avera | 257.737 | 797.8947 | 513.1857 | 521.5823 | 762.3247 | 618.3505
ge +0.19 +0.25 +0.14 +0.04 +0.43 +0.96
Bang 5.3: B¢ sau va dién tich mon twong ung Vi vi tri cO mon
No. of | Locati Depth (mm) Area (mm?)
Scans on d, d, d; S S S3
1 (X1, y1) | 1.9946 | 1.9918 | 1.9828 | 9263.8 | 5623.9 | 5055.5
2 (X2, ¥2) | 1.8603 | 1.9927 | 1.8875 | 9323.9 | 5640.3 | 4880.6
3 (X3, ¥3) | 1.8975 | 1.9782 | 1.9057 | 9206.4 | 5623.9 | 5101.9
4 (Xa, ya) | 1.8939 | 1.9782 | 1.9039 | 9064.3 | 5522.8 | 4965.3
5 (Xs,ys) | 1.8150 | 1.8667 | 1.8803 | 9176.4 | 5522.8 | 5096.5
Average ];%953 190632 1%152 92(_17.0 55EJB£6.7 SOi0.0
- - - 87.40 | 5255 | 85.14

Based on tables 5.2 and 5.3 are the results of analysis of corrosion

map values showing values such as position error, depth, area of corrosion
defect corresponding to each experiment along with the average value and
95% confidence interval of the measurement, 95% confidence interval Ae

defined as 1.96 times the standard deviation s. Measurement results are

analyzed at standard deviations from Figure 5.21 to 5.24.
- Coordinate position of corrosion defect 1(X1, V1); 2(X2, Vo), 3(Xs,

Y3):

24




76233 ——— - x——-—-— - - — -~ —-— %
76148} - — — — — — — — — o _F X3-0\6
x
& 51346 —————————— %o +AG
= A A _
"2 51319 - A - %
< A A _
2 B1201f oA %-A6
ko]
(U_ NI
& 7
25811 —— = - m s o Xi+AG
A _
BT — - —— - —— - — - — - - —-— X%
25736 - —— e A A S-hs
1 1 1 1 1 »
1 2 3 4 5

Lan thwe nghiém

Figure 5.21: Location of coordinates X;, X,, X3 for 5 times of experiment.
The figure 65.201 shows that the coordinates of defects x;, X, X3 for 5
times of experiment are within 95% of the allowed confidence interval of
coordinate x; which is x; + 1.960, coordinate X, is x; + 1.960, the
coordinate X3 is x3 + 1.960, namely X, is in the range (257.36, 258.11), X, is
in the range (512.91, 513.46) and Xz is in the range (761.48, 763.17). Thus,
with the experimental results obtained values of position index Xi, X,, X3
analyzed from the image merging software, these values have high reliability
and can be applied to the tank actual fuel tank manufacturing enterprises and
it is necessary to further calculate the actual conditions affecting the actual
tank from the outside environment.
- Depth of corrosion defects dy, d, ds:
Figure 5.23 shows that the depth of corrosion defects d,, d,, d3through
5 times of experiment are all within the limit of 95%, the allowable
confidence interval of the defect depth d, is d; + 1.96 0, the defect depth d,
isd, + 1.96 0, the defect depth d; la d; + 1.96 0 , especially d, is in the
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range [2.010, 1.775], d, is in the range [2.060, 1.864] and ds is in the range
[1,990, 1.834].
- Dién tich khuyét tat sy, s, Ss:

——————————————————————————————— S3+A6
A A _
———A————————————T———— S3
____________A ___________________ §3'A6
]
=
+~ 5689.7F - —Ff7m—————————— — — — — — — — — — — — — — = — — Sp+A6
3 A A A _
3 -———— Y — — —— —— ———
< A A _
§ ——————————————————————————————— s,-A6
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@
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____________'A_________A Sl
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! ! ! ! I
1 2 3 4 5

Lan thyc nghiém

Figure 5.24: Area of defects s3, s, 1 for 5 times of experiment

Trén hinh 5.24 cho thay dién tich khuyét tat mon sy, S,, S; qua 5 lan
thuc nghiém déu nim trong gisi han 95% khoang tin ciy cho phép cua d6 sau
khuyét tat d, 13 §; + 1.960, do sau khuyét tat s,1a 5, + 1.960, d6 sau khuyét
tat s; 12 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, vai két qua thuc nghiém thu dugc cac gid tri vé chi sb do say sy, S,, S dd
phan tich tir phan mém ghép anh cho thiy céc gié tri nay co do tin ciy cao va
c6 thé tng dung vao bdn chtra dung tich 16n thyc té tai cac doanh nghiép san
Xuit bdn va can phai tinh toan thém cac didu kién thuc té tic dong tir moi
truong bén ngoai dén bon chira that.

The figure 5.24 shows that the corrosion defect area s;, s,, S3 through
5 times of experiment are all within the 95% Ilimit of the allowable
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confidence interval of the defect depth d; which is §; + 1.960, the defect
depth. defect s, is S, + 1.960, defect depth s; is 53 + 1.960 namely s; is in
the range [9378.3, 9035.7], s, is in the range [5689.7, 5483.7] and s; is in the
range [9378.3, 9035.7] range [5186.9, 4853.1]. Thus, with the experimental
results obtained the values of the depth index si, s,, s; analyzed from the
image merging software, showing that these values have high reliability and
can be applied to the tank actual fuel tank manufacturing enterprises and it is
necessary to further calculate the actual conditions affecting the actual tank
from the outside environment.
5.3.3 Compare the results with the manual corrosion test

The manual testing process is performed by test technicians of
Vietnam Inspection Solution Company (VISCO NDT). The process of
ultrasonic PA corrosion measurement is similar to that of a robot, but the
difference is that the PA ultrasonic probe, which is held by hand, scans
vertically and moves directly on the tank model. The process of measuring
and collecting corrosion images is as shown in Figure 5.25.

Table 5.4: Comparison of measurement results

Result of direct measurement

by hand
Defect _
¢ (mm) | y (mm) ’ ‘ (mm) |y (mm) ‘
X (mm mm X (mm mm
Y (mm”2) | (mm) Y (mm)
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
Based on table 5.4 comparing the results of manual and robot
measurements, it is possible to describe and compare the parameters through
the graphs in Figures 5.27, 5.28 and 5.29.

Average measurement results by robot

27



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

800 |
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So sanh vi tri X1, X, X3 cua khuyét tat

Figure 5.27: Comparison of x-coordinates of defects when measured by
robot and manually

Based on table 5.4 and figure 5.27, we can see that the x coordinate
values when measured by robot and manually have equal values. The above
results prove that the C-Scan image acquisition test robot has high accuracy
and the image merging software also analyzes the values of corrosion
parameters in accordance with the test technology on manual measuring
equipment.

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

800 1

700 47

600 +
500 +
400
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300 +°
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100 -

1 2 3
So sanh vi tri yj, Yo, Y3 ciia khuyet tat

Figure 5.28: Comparison of y-coordinates of defects when measured by
robot and manually
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Based on table 5.4 and figure 5.29, we can see that the y coordinate
values when measured by robot and manually have equal values. The above
results prove that the C-Scan image acquisition test robot has high accuracy
and the image merging software also analyzes the values of corrosion
parameters in accordance with the test technology on manual measuring
equipment.

B Chiéu sau d khi do robot
B Chiéu sau x khi do thii cong

196
194 -7
192 -
19
1.88 7
186 +
184«
182
18 -
178 . '
1 2 3
So sanh chiéu sau dy, dy, ds cia khuyét tat

Chiéu sau khuyét tat d

Figure 5.29: Comparison of depth d of defects when measured by
robot and manually

Based on table 5.4 and figure 5.29, we can see that the value of
corrosion defect depth d when measured by robot and manually has the same
value or has a very small deviation from 0.01 to 0.04 mm. The above results
prove that the C-Scan image test by robot has high accuracy and the image
compositing software also analyzes the values of corrosion parameters in
accordance with the test technology on manual measuring equipment.
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CONCLUSIONS AND RECOMMENDATIONS
1. Conclusions

The thesis presents the results of research on solutions to measure the
corrosin of fuel tanks with a capacity from 10,000 m® and over by the phased
Array Ultrasonic Testing. The main contributions of the thesis are
summarized as follows:

- Proposing an experimental procedure for measuring corrosion using
phase Array ultrasonic testing (PAUT) technique using a robot carrying a
certified PA probe to measure the corrosion of fuel tanks. The latest corrosion
measurement method now uses C-Scan color images for corrosion mapping.

- Building a mathematical model to determine the shortest move
distance on the basis of the PSO algorithm, in accordance with the technical
requirements of the self made PA probe carrying robot. Through simulation
Matalb determined the test plan of the robot in accordance with the
experimental PA ultrasonic testing method on a fuel petrol tank model.

- Determining and analyzing C-Scan corrosion edge parameters and
edge merging technique of adjacent corrosion images in order to serve the
construction of corrosion image matching problem on the basis of image
processing applied software Matlab software.

- Determine the corrosion parameters: area, depth, location based on
the corrosion mapping program with the proposed image compositing
algorithm, simulated, analyzed and calculated on Matlab software.

2. Recommendations
In the scope of the thesis, the author has not exploited the full
potential, so it should be researched and developed as follows:

- Continue to conduct research and test on tanks with a real size of
over 10,000 m®, in conjunction with testing enterprises to implement different
measurement plans in order to fully evaluate the capabilities of the project.

- Continue to develop image merging software, create an overall
corrosion map with a larger size.
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