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TOM TAT

Bai bao trinh bay mot phwong phdp vng dung tri tu¢ nhan tqo dé tu dong quan sat va danh
gid dinh lwong ngoai dang méi han sau qud trinh han MAG sir dung day 16i thudc c6 16t siv ceramic
trén thép carbon CT3 day 12 mm. Nghién ciru xdy dung mét b dir liéu anh chuyén biét tir cdc mau
han thuc nghiém, dé xudt mo hinh Al lai két hop phdn doan anh va trich xudt ddc trung hinh hoc,
dong thoi kiém chirng thuc té trong dzeu kién gan san xuat cong nghiép. Két quda cho thdy mé hinh
co kha nang nhdn dién on dinh vimng moi han, trich xudt chinh xdc cdc théng sé ngoai dang va dat
cdac chi so danh gia cao hon so voi cac mo hinh nhan dién dwong han hién co.

Bé di liéu gom cdac anh RGB chup sau han bang camera céng nghiép dé phan giai 1920 x
1080 pixel, thu nhdn tir nhiéu géc quan sat dwedi dnh sang khuéch tan @é giam anh hwéng ciia phan
xa bé mdt. Téng cong 360 anh moéi han dwoc tao ra tir 30 thi nghiém thuc nghiém voi chiéu dai moi
han 200 mm/mau. Dit liéu dwge gan nhan theo hai cdp gom ving méi han va ving khuyét tit bé
mat, déng thoi trich xudt cdc tham s6 hinh hoc chudn nhw chiéu rong bead, reinforcement, do 16i,
g6c chuyén tiép chan moi han, dd sau undercut va chi sé dong déu bé mat.

Tw khéa: Han MAG, Day loi thuéce; Lot stk ceramic; Thép CT3 12 mm, Thi gidc may tinh;
Hoc sau; Phdn doan danh; Robot han.

ABSTRACT

This paper presents an artificial intelligence-based method for automatic image monitoring
and quantitative assessment of weld bead geometry after MAG welding using flux-cored wire with
ceramic backing on 12 mm thick CT3 carbon steel. The study builds a dedicated image dataset
from experimental weld samples, proposes a hybrid AI model combining image segmentation and
geometric feature extraction, and validates the system on a welding robot under near-industrial
conditions. The results show that the model can robustly identify the weld region, accurately extract
geometric parameters, and achieve higher performance than existing weld seam recognition models.

The dataset consists of RGB images acquired after welding using an industrial camera
with a resolution of 1920 x 1080 pixels. Images were collected from multiple viewing angles under
diffuse lighting to reduce surface reflection effects. A total of 360 weld images were generated from
30 experimental welds with a weld length of 200 mm per sample. The dataset was annotated at two
levels, including weld region and surface defect region, and geometric reference parameters such
as bead width, reinforcement height, convexity, toe angle, undercut depth, and surface uniformity
index were extracted for model training and evaluation.

Keywords: MAG welding; Flux-cored wire; Ceramic backing, 12 mm CT3 steel; Computer
vision, Deep learning; Image segmentation; Welding robot.
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1. PAT VAN PE

Chét luong ngoai dang mbi han 1a mot
trong nhiing chi tleu quan trong quyét dinh do
bén, d6 kin va do 6n dinh lam viéc cta két cau
han. D6i v6i han MAG st dung day 161 thude
c6 16t st ceramic trén thép CT3 day 12 mm, bé
mit mbi han thudng ¢ dic trung riéng nhu van
xi, do 161 bién thién theo thong sb cong nghé
va kha nang xuat hién undercut hodc overlap
cuc bd. Do d6, kiém tra ngoai dang bang mat
thuong hodc do thu cong thuong phu thude vao
kinh nghiém ngudi kiém tra va khé dap ung
yéu cau san xuit hang loat.

Trong bi canh san xuat thong minh, thi
glac may tinh va hoc sau cho phep xay dung hé
théng kiém tra khong tiép xtc, tbc do cao va
c6 tinh lap lai tot. Tuy nhién, phan 16n nghién
clru trude day mai dung & phat hién duong han
hodc nhan dién khuyét tat don 1é, trong khi bai
toan thyc té can danh gia dong thoi nhiéu chi
tiéu hinh hoc cta bead dé phuc vu chép nhan
chat luong. Tir d6, nghién ctru ndy tap trung
vao viéc xay dung bo dir li€u chuyén biét, dé
xuit mo hinh AT lai va kiém chimg trén robot
han thuc té.

2.VATLIEU VA PHUONG PHAPNGHIEN
cUu

2.1. Vit liéu va miu han

Vat liéu co ban st dung trong nghién
ctu la thep carbon CT3 day 12 mm, dugc g1a
cong chuan bi mép phit hop cho han giap mdi
mot phia. Day han 1a day 16i thudc khi bao vé
FCAW-G két hop tam 16t sir ceramic backing
nham bao dam tao hinh mait sau 6n dinh va
giam nguy co ngau thiéu. M6i mau c6 chidu
dai méi han 200 mm va dugc thuc hién & céc
diéu kién cong nghé khac nhau dé tao ra su da
dang vé ngoai dang bead.

2.2. B0 dir li€u sir dung

B dit liéu dugc xay dung tir 360 anh
mdi han, thu nhan bang camera céng nghiép
do phan giai 1920 x 1080 pixel dudi anh sang
khuéch tan va & nhiéu goc quan sat khac nhau
dé giam anh huéng cua phan xa bé mit. Dit
liéu dugc tao ra tu 30 thi nghiém thuc nghiém
véi chidu dai mbi han 200 mm/mau, nhim bao
phu nhiéu trang thai bead khac nhau, tir bé mat
tuong ddi déu dén cac truong hop c6 d6 16i cao,
undercut cuc bo hoac xi bam khong déng nhéat.
Trude khi huén luyén, anh duoc khu nhiéu, can
bang sang, chuan hoa kich thudc va ting cudng
tuong phan.

Dt liéu dugc gén nhan theo hai cép.
Cép thir nhit gébm ving mdi han va ving
khuyét tat bé mat; cip tht hai gom cac dic
trung hinh hoc nhu bién bead, chiéu rong bead,
ving reinforcement, goc chuyén tiép chan mbi
han va vung undercut. B dir licu sau d6 dugc
chia thanh tap huén luyén, tap xac nhan va tap
kiém thtr theo ty 18 70/15/15 dé bao dam tinh
khach quan va kha nang tai lap ctia nghién cuu.

2.3. M6 hinh AI dé xuit

Mo hinh dé xuat 1a kién trac lai gom ba
md-dun chinh. Md-dun tht nhat thuc hién phan
doan ngit nghia ving mdi han bang U-Net++
hoic YOLOv8-Segmentation dé tach chinh xéac
bead khoi nén anh [2]. Mo-dun thér hai trich
xut dic trung hinh hoc tor mask phan doan
nhim tinh cac thong sb ngoai dang ciia mbi
han. M6-dun thir ba 1a 16p danh gia chat luong,
so sanh cac thong sb thu duoc véi ngudng chap
nhan theo tiéu chuan k¥ thuat [1]. Cach tiép
can nay cho phép moé hinh khong chi nhan dién
vung han ma con dénh gid dinh luong ngoai
dang mbi han.
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2.4. Chi s6 danh gia

Mo hinh duoc danh gia bang céac chi s6
Accuracy, Precision, Recall, F1-score va mAP.
Accuracy phan 4nh d9 chinh xac tong thé cua
md hinh; Precision phan anh murc d¢ it bao sai;
Recall phan dnh muc dg it bo sot; Fl-score la
chi s6 cén bang giira Precision va Recall; con
mAP duoc dung dé danh gia hiéu ning phat
hién hodc phan doan vung han.

3. KET QUA VA THAO LUAN

3.1. Hinh anh dau vao va két qua nhén dién
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Hinh 1. Anh ddu vao méi han MAG-FCAW-G trén
thép CT3 day 12 mm

Hinh 2. Két qua gdn nhan dir liéu

Anh gdc thu tir camera sau khi han, thé
hién r& ving bead, xi bam va viing chuyén tiép
mép mdi han (Hinh 1). Ving mdi han va cac
vung khuyét tat bé mat duogc gan nhan phuc vy
huén luyén mé hinh (Hinh 2).

Hinh 3. Két qua phdn doan ciia mé hinh Al

Hinh 4. Két qua nhdn dién va do lwong tir dong

Vung bead duogc tach khoi nén anh véi
bién dang on dinh, phuc vu trich Xut cac thong
s6 hinh hoc (Hinh 3). Anh overlay thé hién
chiéu rong, chiéu cao dip, do 16i va cac ving
undercut néu c6 (Hinh 4).

3.2. Bang chi s6 danh gia

Két qua thir nghiém cho thiy mo hinh
Al dat d§ phan doan trén 93% va sai s6 do
luong trung binh nho hon 0,35 mm so véi do
thii cong. Piéu nay ching t6 mé hinh c6 kha
ning nhan dién ving mdi han 6n dinh ngay ca
khi bé mit c6 van xi, anh sang thay doi hodc
xuat hién céc bién thién hinh hoc cuc bo.
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Bdng 1. Chi s6 ddnh gid ciia mé hinh dé xudt

Bang 3. So sanh voi cac mo hinh hién co

Chi s6 Gid tri
Accuracy >93%
Precision > 92%

Recall >91%
Fl1-score > 91%

mAP >93%
" iamgbinh | <03smm

Bdng 2. Két qua do ngoai dang méi han

Sai s6
Gia tri Al so
Thong s6 Ky hiéu trung véi do
binh thua
cong
Chiéu rong B 21,17 0.28 mm
bead mm
Chleu cao Hr 1,77 mm | 0,19 mm
reinforcement -
bo 16i tdi da Convexity | 1,37 mm | 0,32 mm
Goc chuyén
tiép chan moi | Toe angle 135° 2,4°
han
Do sau
undercut tdi | Undercut | 0,27 mm | 0,11 mm
da
CI‘An sokdorvlg Un}formlty 0.91 0,04
déu bé mat index

So v6i cac mo hinh nhan dién duong
han hién c6, mo6 hinh dé& xuét c6 uu thé & ca
dd chinh xac nhan di¢n va kha nang do dinh
luong. Cac mo hinh xtr 1y anh truyén thdng
thudong kém 6n dinh truée nhiéu xi va phan xa
anh sang, trong khi cdc mo hinh detection thuan
tay chwa du dé lugng hoéa day du hinh hoc bead
[2, 6]. M6 hinh lai trong nghién ctru nay khéc
phuc dugc dong thoi hai han ché do.

Phuong phap Uu diém Han ché
X ly anh Don gian, dé K’e_mxon Ehn}}
A £ .2 . vO1 bé mat co
truyén thong trien khai i
YOLO phat Nhanh, phu | Chua do dugc
hién duong hop thoi gian | day da hinh
han thuc hoc
M hinh lai d3 | Phan doan+ | o caudl
£ . liéu gén nhan
xuat do dinh luong £
tot hon

3.3. Ung dung trén robot han

Hé théng Al ¢6 thé duogc trién khai
trong tram kiém tra sau han, tich hop truc tiép
vao cell robot han hoic dung lam cong cu hd
trg diéu chinh thong sb cong nghé theo hudng
s6 hoa [4]. Sau khi robot hoan thanh mdi han,
camera thu nhan anh, mdé hinh Al phan tich
ngoai dang va dua ra két qua dat hoic khong
dat, dong thoi cung cdp cac thong s6 hinh hoc
phuc vu truy xuat chat lugng. Céch t6 chirc nay
phu hop v6i1 xu hudng han thong minh trong
san xudt cong nghiép, dic biét 1a trong cac day
chuyén dong tau va két cdu thép.

3.4. Thao luan

Két qua nghién ctru cho thiy Al c6 tiém
ning 16n trong kiém tra ngoai dang mdi han
MAG, dic biét dbi v6i day 16i thude co 16t st
ceramic trén thép CT3 day 12 mm [5]. Ban chét
ctia bé mat mdi han loai nay 1a phtc tap: ¢6 xi,
c6 bién thién hinh dang theo thong sé han, va
¢ thé xuat hién sai 1éch nho ma mat thuong
kho phén biét. Vi thé, viéc mé hinh AI hoc tir
dir liéu thuc nghiém chuyén biét 1a hudng tiép
can phu hop.

Vé mit cong nghé han, két qua nay co

¥ nghia rd rét trong san xuat cong nghiép. Hé &
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théng ¢6 thé trién khai & tram kiém tra sau han,
tich hop truc tiép vao cell robot han hodc duoc
dung nhu cong cy hd tro diéu chinh thong sb
cong nghé theo huéng sé hoa [4]. Trong cac
day chuyén dong tau va két cdu thép, noi khéi
lwong mbi han rat 16n, kha nang rat ngén thoi
gian kiém tra tir phiit xudng gidy 1a mot loi thé
dang ké.

Tuy nhién, dé 4p dung rong rdi van can
tiép tuc mé rong bo dir lidu cho nhiéu diéu kién
chiéu sang, nhiéu hinh dang mép han va nhiéu
cip chat luong bé mit khac nhau. Ngoai ra, nén
nghién ctru két hop thém anh 3D hodc cam bién
chiéu sau dé ting d6 tin cay khi do cac thong sb
hinh hoc ¢6 d6 bién thién nho [3].

4. KET LUAN

Nghién ctru da xay dung dugc mot quy
trinh img dung tri tué¢ nhan tao cho quan sat
hinh anh va danh gid dinh luong ngoai dang
mdi han MAG st dung day 15i thube co 10t st
trén thép CT3 day 12 mm. Két qua cho thay mo
hinh dé xuit c6 d6 chinh xéc cao, sai s6 do nho
va kha ning nhan dién t6t cac dic trung ngoai
dang bé mat mi han. Pong gop quan trong cia
nghién ctru 1a bo dir liéu chuyén biét, kién trac
Al lai phu hop véi dic trung cong nghé han va
kha ning kiém chimg trén robot han thyc té.

Trong hudng phat trién tiép theo, can
mo rong bd dir li€u cho nhiéu diéu kién chiéu
sang va hinh dang mép han khac nhau, dong
thoi tich hop thém anh 3D hodc cam bién chiéu
sau dé taing d tin cay khi do cac thong sb hinh
hoc. <
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