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ng dung mang YOLOVS phat hién khuyét tat méi han

Using YOLOV8 neural network to detect weld defects

Hoang Thi An", Ngé Hiru Manh, Pham Vin Kién, Nguyén Thi Anh Tuyét

Tom tat

Trwdng Pai hoc Sao Do

*Tac gia lién hé: anhoangthi87@gmail.com
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Ngay nhan bai stra sau phan bién: 16/12/2023
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Bai bao dé& xuét giai phap st dung mang noron tich chap sau YOLOVS kiém tra chat lwgng méi han, dwa canh
bao cho hé théng khi phat hién khuyét tat mbi han. M6 hinh dwoc huén luyén trén 1054 anh cho d6 chinh xac

trung binh dat 98,8%.

Ttr khéa: YOLOVS; mang noron tich chdp sdu; méi han; phét hién khuyét tat méi han.

Abstract

The paper proposes a solution using YOLOvV8 deep convolutional neural network to check the quality of welds
and give warnings to the system when detecting defects weld. The model was trained on 1054 images for an

average accuracy of 98.8%.

Keywords: YOLOvS8; deep convolutional neural network; detect weld defects.

1. DAT VAN BE

Cong nghé han ty dong da dwogc st dung rong rai
trong nhiéu nganh coéng nghiép nhw san xuét 6 t6, dong
tau, ché tao may moc va xay dwng. Hé théng han tw
doéng st dung cac cadm bién va hé thdng diéu khién dé
giam sat va diéu chinh qua trinh han dam béo d6 chinh
xac va do tin cay cao. M6t trong nhivng yéu cau cta
hé thdng Ia phat hién dwoc cac méi han khong dat yéu
cau (mbi han khuyét tat).

D4a c6 nhiéu thuat toan duoc dé xuat dé tw dong phat
hién khuyét tat ctia méi han. Cac cong bb gan day déu
st dung cac ky thuat hoc sau v&i mang noron tich chap
sau (CNNs) dé phat hién mdi han khuyét tat. Yang va
codng sw [4] & xuét si dung mang YOLOv5 dé phat
hién khuyét tat cia méi han thép. Trong bai bao, cac
tac gid co6 danh gia do chinh xac dat 98,7% va nhan
dinh YOLOV5 c6 thé cai thién dd chinh xac va thoi gian
thwc hon so v&i Faster R-CNN. Theo Ding va céng sw
[1], nh&m phat hién chat lwong méi han trong quy trinh
san xuat dworng 6ng va binh chiu &p luc, MobileNetV2
két hop CBAM (Convolutional Block Attention Module)
dé phat hién khuyét tat méi han véi do chinh xac la
98,23%. Trong trweng hop can phat hién khuyét tat
méi han trong anh X quang [3], Moyun Liu va cong sw
da dé xuét st dung mang Lighter and Faster YOLO

Ngwoi phan bién: 1. PGS.TS. Tran Hoai Linh
2. TS. b6 Van Dinh

(LF-YOLO) la sy cai tién tv mang YOLOv3 dé phat
hién khuyét tat méi han. Két qua thwc nghiém dwoc
danh gia c6 dd chinh xac trung binh la 92,9% vé&i 61,5
khung hinh/giay. Trong trwérng hop phat hién khuyét tat
méi han laser [1], Deng va cong sw da dé& xuét s&v dung
bd loc trung vi loai bd nhiéu cho anh, sir dung mang
CNNs dé trich chon dac trung, ky thuat hoc chuyén
giao (transfer learning) dwa trén mé hinh VGG 16 dwoc
st dung dé phat hién 16i va phan loai anh trén tap di
liéu. Két qua thuc nghiém dwoc danh gia dat dé chinh
xac 98,75%.

Xuét phat tlr yéu ciu thwc té& can xay dwng hé théng
han tw dong co thé phat hién dwoc khuyét tat mdi han,
nhém tac gid dé& xuat s dung mang noron tich chap
sau tw dong phat hién khuyét tat mdi han trén anh
quang hoc théng thwdng. Trong cac nghién clru treée
day, YOLOV5, LF-YOLO, hoc chuyén giao vé&i VGG16
déu cho do chinh x&c dat trén 98%. Hon niva, vao ngay
10/01/2023, YOLOVS8 chinh thtrc dwoc ra méat va dwoc
danh gia la mot mo hinh tién tién, hién dai dwoc xay
dwng dwa trén sw thanh cong clia cac phién ban YOLO
trwdc do va gidi thiéu cac tinh ndng ciing nhw cai tién
m&i dé tang hiéu suét va tinh linh hoat. Chinh vi nhirng
ly do nay, nhém tac giad dé xuét st dung mang YOLOV8
dé phat hién khuyét tat méi han trong hé théng han tw
dong. Hé théng han tw ddng c6 camera ghi lai qua trinh
han, méi han sau khi han dwoc phat hién va nhan dang
c6 dat yéu cau hay khong, néu khong dat, hé théng
dwa ra canh bao.

12 Tap chi Nghién ciru khoa hoc, Truong Dai hoc Sao Do, S6 4 (83) 2023
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Phan tiép theo clia bai bao, nhém tac gia trinh bay vé
kién trc mang YOLOVS, co s& dir liéu va cach xay
dung hé théng phat hién khuyét tat méi han s dung
mang YOLOVS.

2.YOLOv8

YOLOVS8 dwoc phat trién bai Ultralytics, 1a mot mé hinh
tién tién, hién dai dwoc xay dwng dwa trén sy thanh
cbng cla cac phién ban YOLO trwéc do va dugc cai
tién gitp nhanh hon, chinh xac hon, dé& st dung hon
khién YOLOVS tr& thanh mot trong nhirng Iwa chon
hang dau cho nhiém vu Al vé thi giac nhuw phat hién,
phan doan, wéc tinh tw thé, theo déi va phan loai. Tinh
linh hoat nay cho phép ngwoi dung tan dung kha nang
ctia YOLOVS trén nhiéu (ng dung khac nhau. Thay vi
dat tén thw vien ma ngudén mé 1a YOLOVS, Ultralytics
dat luén tén thw vién la ultralytics véi y nghia la khung
thuat toan thay vi mét thuat toan cu thé, trong tdm chinh
la khd nang mé rong. Dy kién thw vién co thé dwoc st
dung khéng chi cho ho mé hinh YOLO ma con cho cac
mé hinh khéng phai YOLO va céac tac vu khac nhau.

Cac mé hinh c6 s&n ctia YOLOVS8 véi kich thudc khac
nhau (dwoc huan luyén trén bd dir liéu COCO va
ImageNet. YOLOV8 c6 cac md hinh cho tirng tac vu:
Phat hién dbi twong, phan loai dbi twong, phan doan
anh. YOLOV8 c6 cac moé hinh véi cac kich thwéc khac
nhau nhw YOLOVS - n (nano), -s (small), -m (medium),
-l (large), -x (extra large). Bang 1 minh hoa cac mo
hinh c6 san ctia YOLOV8 cho tac vu phat hién dbi, so
sanh trén cac tiéu chi: Kich thuwéc anh dau vao (size),
dd chinh xac (mAP), th&i gian thwe hién trén CPU v
dinh dang m6 hinh ONNX (speed CPU ONNX), th&i
gian thwc thi trén GPU A100 cta NVIDIA (speed A100
TensorRT), tham sé clia mé hinh (params), hiéu suét
tinh toan ctia mé hinh trong viéc xac dinh vat thé trong
anh (FLOPs). Két qua Bang 1 cho thay kich thwéc mo
hinh ty I& thuan v&i d6 chinh xac mAP va ty 1é nghich
v&i thoi gian suy ludn. Cac md hinh nho cé thoi gian
suy luan nhanh hon nhung dé chinh xac thap hon.

YOLOvV8 c6 mét s6 wu diém

10

08

yolovs Tolov7 Yolovs

Hinh 1. Do dé chinh xac cua YOLOv5, YOLOv? va
YOLOvS8 trén RF100 [7]

- YOLOV8 co6 ty |é chinh xac cao dwoc do trén tap div
litu COCO va Roboflow. Khi danh gia trén COCO,
st dung phién ban kich c& trung binh, YOLOv5m dat

45,4% mAP trong khi d6 YOLOv8m dat duoc 50,2%
mAP. Khi danh gia trén RF100 (100 b di liéu méau tw
Roboflow Universe) do chinh xac cta YOLOv8 duwoc
danh gia cao hon YOLOv5 (Hinh 1) [7].

- YOLOVS8 c6 nhiéu tinh ndng hé tro' cac nha phat trién.
YOLOVS di kém véi CLI gitip huan luyén mé hinh truc
quan hon.

- C6 cong ddng ngudi dung YOLO Ién. Nhidu chuyén
gia vé thi giac may tinh biét v& YOLO va céach thirc
hoat ddng cla né, c6 nhiéu huwéng dan truc tuyén vé
cach str dung YOLO trong thuwc t&. Mic du YOLOvS8
mé&i dwoc gidi thieu nhung cé rat nhiéu hwéng dan
trwc tuyén.

2.1. Kién tric mang YOLOVS [8]

Kién tric mang YOLOVS8 dwoc trwc quan héa bdi nguoi
dung Github RangeKing [8]. Kién tric mang YOLOv8
c6 mot sb thay déi so véi YOLOVS [6]:

- Thay thé module C3 bang module C2f.

- Trong Backbone, thay thé 6x6 Conv dau tién bang
3x3 Conv.

- X6a hai lép tich chap sb 10 va sb 14 trong
YOLOV5 config.

- Trong Bottlenceck, thay thé 1x1 Conv bang 3x3 Conv.

- Module Head dworc thay dbi tir ciu tric khép ndi ban
dau thanh cu trac tach roi va kiéu dwoc thay déi twr
dwa theo Anchor clia YOLOv5 thanh khong cd Anchor
clia YOLOvS.

- YOLOVS loai bd nhanh déi twong va chi gil lai cac
nhanh phan loai va hdi quy tach roi, nhanh hdi quy st
dung biéu di&n dang tich phan.

Qué trinh tang cwdng dir liéu, huan luyén va du doan
clia YOLOvVS8 twong tw nhw YOLOv5. YOLOV8 so vé&i
cac phién ban trwéc dwoce danh gia la cong cu manh
mé va linh hoat hon cho tac vy phat hién déi twong,
phan loai &nh (Hinh 2).

55 55

COCO mAPg),~ %
s A& o
8 & 8
COCO mAP0~ 95
& 8

@
&

—e— YOLOV8
YOLOv7

35 —e— YOLOv8

l Smaller l Faster o

[ 20 40 60 80 1.0 15 20 25 3.0 35
Parameters (M) Latency A100 TensorRT FP16 (ms/img)

YOLOV6-2.0
YOLOVS-7.0

YOLOV6-2.0 30
YOLOV5-7.0

@
3

Hinh 2. So sanh YOLOv8 v&i cac phién ban trudce [5]

MMYOLO [8] da so sanh YOLOV8 va YOLOV5 bang
cach thir nghiém trén tap di lieu COCO Val 2017. Két
qua cho thdy YOLOV8 da cai thién dang ké dd chinh
xac so v&i YOLOVS. Tuy nhién, sb lwong tham sé va
FLOP cta cac md hinh n/s/m da tang Ién dang ké.
Ngoai ra, téc do suy doan ctia YOLOV8 cham hon so
v6i hau hét cac mé hinh ctia YOLOV5 (Bang 2). Chubi
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YOLO gan day cho thay cai thién dang ké vé& hiéu suat
trén bd dir liéu COCO. Tuy nhién, kha nang khai quat

héa cla chung trén cac b6 di liéu tuy chinh chwa dwoc
th&r nghiém rong rai.

Bang 1. C4c mé hinh cé sén cua YOLOVS cho téc vu phéat hién dbi tuong [5]

size mAPa! Speed Speed
Model (pixels) 50-95 CPU ONNX A100 TensorRT params(M) | FLOPs(B)
(ms) (ms)

YOLOv8n 640 37.3 80.4 0.99 3.2 8.7

YOLOv8s 640 44.9 128.4 1.20 1.2 28.6

YOLOV8m 640 50.2 234.7 1.83 259 78.9

YOLOv8I 640 52.9 375.2 2.39 43.7 165.2

YOLOv8x 640 53.9 4791 3.53 68.2 257.8

Bang 2. So sanh cac mé hinh YOLOv8 v¢i YOLOVS [8]

Model YOLOV5 | params(M) @Féﬁlp(;) YOLOV8 | params(M) @Féﬁi;)
YOLOv8n 28.0 (300e) 1.9 4.5 37.3 (500e) 3.2 8.7
YOLOv8s 37.4 (300e) 7.2 16.5 44.9 (500¢e) 11.2 28.6
YOLOV8m 45.4 (300e) 21.2 49 50.2 (500e) 25.9 78.9
YOLOVv8I 49.0 (300e) 46.5 109.1 52.9 (500e) 43.7 165.2
YOLOv8x 50.7 (300e) 86.7 205.7 53.9 (500e) 68.2 257.8

2.2. Phat hién déi twong str dung YOLOvVS

Qua trinh huén luyén md hinh phat hién dbi twong
YOLOVS trén di liéu tuy chinh dwoc thé hién nhu so d6:

| | X |
Cai dat Tao CSDL Bioh dang
YOLov8 ’% c6 gan nhan ’% YOLOVS ’
. |
1 | I
Huén luyén Xac thue Dw doan voi
mo hinh ’% md hinh ’% md hinh ’

Hinh 3. Huén luyén YOLOVS trén di liéu tay chinh
2.2.1. Cai dat YOLOvS8

YOLOVS8 c6 thé dwoc cai dat bang hai cach 1a tir ngudn
ho&c 1énh pip. YOLOVS |& phién ban dau tién c6 goi
chinh thtrc.

Cach 1: Cai dat bang 1énh pip (khuyén nghi):

pip install ultralytics

Céch 2: Cai dat t» ngudn trén Github bang cac lénh:
pip install git+ https://github.com/ultralytics/ultralytics.
git@main

Cac nha phat trién cia YOLOV8 da quyét dinh tach
khoi thiét ké dw an YOLO tiéu chuan: Céac Iénh train.
py, detect.py, val.py, export.py riéng biét. Cach tiép
can méi linh hoat hon nhiéu vi theo cach nay, YOLOv8
duoc sir dung doc lap théng qua céc thiét bi dau cudi,
cling nhw mét phan cta ng dung thi giac may tinh
phtrc tap.

YOLO cho phép nguwdi dung chay cac tac vu qua
giao dién dong Iénh (command line interface - CLI).
Ngoai ra, Ultralytics YOLO di kem vé&i pythonic Model
va Trainer interface nén c6 thé tuy chinh trong code
python v&i mot vai dong Iénh.

2.2.2. Chuén bj co’ s& diF liéu

Co s& di¥ liéu can dwoc gan nhan cho cac dbi twong
trong &nh. Cé nhiéu céng cu hd tr gan nhan va dinh
dang tap d liéu. Mét trong nhirng cong cu trirc quan
va dé thao tac, cong dbng ngudi dung 16n va duoc
gidi thiéu ngay trén trang clia Ultralytics 1a Roboflow.
Nguwoi ding chi cdn ddng nhap vao tao dy an trén
trang Roboflow.com, thiyrc hién gan nhan va lya chon
xuét di¥ liéu cho YOLOVS.

Sau khi tao tap di¥ liéu xong, chia tap di liéu thanh 3
tap: Train, Val, Test. Tuy theo kinh nghiém va bai toan
ma chia tap di liéu theo ty 1& khac nhau. Cac ty 1é
dwoc khuyén nghij la: 6:2:2 hoac 7:2:1 twong ng voi
tap Train:Val:Test. Tap di liéu sau khi gan nhan, tang
cwong anh va chia ty 18 xong, chi can tai cap di liéu
tir Roboflow Universe bang cach str dung géi roboflow.
Nguwoi dung cai géi bang cach str dung 1énh pip: pip
install roboflow

Dé tai div liéu vé dw an, chi can doan ma sau:

from roboflow import Roboflow

rf = Roboflow(api_key="YOUR_API_KEY’)

project=rf.workspace(‘'WORKSPACE’).
project('PROJECT)

dataset = project.version(1).download(‘yolov8’)
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2.2.3. Lam viéc YOLOv8
Sau khi cai dat xong YOLOVS, c6 thé lam viéc voi
YOLOvV8 qua CLI hoac code python.

Cu phap chung lam viéc véi YOLOV8 st dung lénh
CLI: yolo task mode args

Trong do:

task (tuy chon) la 1 trong cac nhiém vu detect,
segment, classify.

mode (bat budc) la mét trong cac ché do train, val,
predict, export, track.

args 1a tuy chon, 1& mot bat ky tham sbé nao vi du
imgsz=320. Cac tham s nay dwoc trinh bay trong file
default.yaml ctia YOLOVS [5].

a. Huén luyén YOLOV8
Lénh CLI:

yolo task=detect mode=train model=yolov8m.pt data=-
data.yaml epochs=100 imgsz=320

Trong bai bao nay, nhém tac gia lwa chon céc tham sé:
epoch la vong 13p cla toan bd tap di liéu huén luyén,
data la dwéng dan dén file YAML cla di liéu, imgsz la
kich thwéec anh, mac dinh la 640, batch la kich thuwdc 16
trong qua trinh tai d liéu.

Code Python:

from ultralytics import YOLO

model = YOLO(‘yolov8s.yaml’)
results=model.train(data="data.yaml’, epochs=100)
Quaé trinh huan luyén két thic, file huén luyén duwoc lvu
mac dinh tt nhat 1a: /runs/detect/train/weights/best.pt.
b. Xac thure mé hinh

Khi huén luyén két thic, can thwe hién danh gia mé hinh.
Lénh CLI:

yolo val model=yolov8s.pt data=data.yaml imgsz=320
Code Python: model.val()

Dw doan v&i mé hinh

DPé dw doan v&i mé hinh tuy chinh da huén luyén, can
chi ra dwong dan dén file best.pt (file trong sé dwoc
danh gia tét nhat), anh/video/link &nh can dy doan.
Lénh CLI:

yolo  task=detect  mode=predict
conf=0.25 source=/test/images

Code Python:

from ultralytics import YOLO
import cv2
model=YOLO(‘yolov8n.pt’)
ketqua=model(‘E:/data/saodo.jpg’)

for kq in ketqua:
im_array = kq.plot()
cv2.imshow(‘ket qua’,im_array)

model=best.pt

3. XAY DUNG HE THONG

Kiém tra chat lwong méi han 1a mét trong nhirng module
clia hé théng han tw dong. Hé théng thtr nghiém theo
mé hinh sau:

J—

théng han tw

Hinh 4. Hé

déng

Hinh 5. D& liéu tir webcam C920
Hé théng han tw dong duwoc diéu khién bang PLC
FX3U, module kiém tra chat lwong méi han st dung
Webcam Logitech HD Pro Webcam C920 cung cap
dir liéu dau vao (Hinh 5). Sau khi module han tw dong
thwe hién xong, module kiém tra chat lwong mbi han
sé danh gia chat lwong méi han. Néu phat hién mbi
han cé khuyét tat sé dwa ra canh bao. Trong pham vi
bai bdo nay, nhém tac gia chi trinh bay gidi phap cho
module phat hién mdi han khuyét tat. Hé thdng han
tw dong tlr diéu khién PLC két hop module phat hién
khuyét tAt méi han sé trinh bay trong bai bao tiép theo.

3.1. Co s& dir liéu

Viéc ghép cac tAm kim loai méng bang cac cong nghé
han hién nay gap kho khan do kho kiém soat nhiét
lwong dau vao va sy hinh thanh khuyét tat (bién dang
nhiét). Trong nghién ctru nay, nhém tac gia th&r nghiém
phat hién khuyét tat méi han trén vat liéu 1a ddng, thép
(inox, silic) vé&i dé day khac nhau (Hinh 6).

inox -0.05 mm inox - 1.2 mm

Tl

Pdng - 0.35 mm DPong - 0.075 mm

Thép silic- 0.1 mm
Hinh 6. Cac méi han trén vat liéu khac nhau
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Cac anh sau khi dwoc chup bdng webcam €920, dwoc
tai Ién trang roboflow.com va thwc hién gan nhan.
Tap di lieu gdbm 1054 anh (Hinh 7) dwoc gan nhan
(Hinh 8): HanGood (mau hdng): la nhan ctia méi han
dat yéu cau (Hinh 9) va HanBad (mau tim): 14 nhan cta
mébi han khuyét tat (Hinh 10).

View All Inages >

2315 Total Images

v
: h
)

Dataset Split

o

1907 Images

QO v @

206 Images 202 Images

Augmentations

Outputs per training example: 3
Flip tal, Vertica

1 207 mp v
o annotati £32.0 per image (average) @ from 0.91mp
] example across 2 classe @102.07mp

iggbgigéo
Hinh 7. Théng tin vé co sé di liéu

Dé cai thién chat lwong anh, mot sb ky thuat tién x ly
dwgc sty dung (Hinh 7): Tw dong dinh hwéng anh, thay
ddi kich thuwéc anh vé 320x160, tw dong diéu chinh do
twong phan clia anh. Ty déng dinh hwéng anh [9] gitp
mé hinh khong phu thuéc vao viéc lwu trlr anh dudi
dinh dang x, y hay y, x. Do cac méi han dwoc chup
khodng cach gan va cd dinh nén kich thirc &nh chi
cén dwa vé kich thuwdc 320160 la da tot cho mé hinh.
Tuw déng diéu chinh dd twong phan dua trén biéu d6
cla anh dé cai thién kha nang chuan héa va phat hién
duwdng thang trong céac diéu kién anh sang khac nhau.

Hinh 8. Anh duoc gan nhan

o

Hinh 9. Méi han dat yéu cau

%

Hinh 10. M&i han khuyét tat

Dé tang lwong anh cho huén luyén, mot sé ky thuat ting
cwdng anh dwoc st dung (Hinh 7): Lat &nh, chuyén
anh thanh anh xam, lam m& anh. Thao tac Iat ngang
hoac doc giup mé hinh khéng bi anh hwéng béi hwéng
clia dbi twong. Thao tac chuyén anh xam véi 29% sb
lwgng anh trong tap dir liéu duoc chuyén giup md hinh
gidm bét sw anh hwdng mau sac cta ddi twong trong
anh [10]. Lam mo anh st dung k¥ thuat thém dé mo
Gaussian ngau nhién dé hé tro md hinh cé kha nang
phuc hdi tiéu diém may anh tét hon, gidp tranh trwdng
hop overfitting [11].

3.2. Huan luyén mang

Nhom tac gia thwe hién cai dat va huan luyén mang trén
google colab (T4 GPU). Th&r nghiém v&i cac model n/s/
m/l/x. Qua trinh huén luyén v&i tham sé epochs=100,
imgsz=320, batch=8.

Bang 3. So sanh két qua huén luyén

Mo . . mAP | time
hinh Precision | Recall | mAP50 50-95 | (ms)
n 0.987 0.967 | 0.986 0.724 | 44
s 0.987 0.963 0.989 0.733 | 49
m 0.989 0.964 | 0.988 0.736 52

I 0.982 0.967 | 0.987 0.732 3.8
X 0.975 0.967 | 0.988 0.739 59
Bang 4. So sanh két qua thdm dinh
Mo . . mAP time
hinh Precision | Recall | mAP50 50-95 (ms)
n 0.967 0.967 | 0.0986 0.72 3.8
S 0.986 0.965 | 0.989 0.733 3.7
m 0.989 0.964 | 0.988 0.735 3.1
| 0.982 0.967 | 0.987 0.731 2.5
X 0.975 0.967 | 0.988 0.738 1.7
Bang 5. Thaoi gian dw doan trén tap test
M6 hinh
n 3 m | X
Time (ms)
Tién xt ly 02 02 02] 02|02
Suy luan 77| 54 | 84 106 |14.2
X ly hau ky 2.1 16 | 1.7 | 1.8 | 21

Dua theo két qué Bang 3, 4, 5 thdy cac mé hinh khéng
c6 s chénh léch nhiéu vé& dd chinh xac. Tuy nhién,
xét ca vé& do chinh xac va thoi gian phat hién trén mot
anh tinh theo mini gidy (ms) thi mé hinh m dwoc danh
gia tét hon. Module phat hién khuyét tat méi han sé st
dung mé hinh YOLOv8m da huén luyén dé trién khai.
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cau. Tap di lieu gdm 1054 anh dwoc thu truc tiép
thdng qua webcame C920. Cac anh sau khi duwgc gan
nhan gém HanGood va HanBad. Nhém téc gia da thuc
nghiém trén cac md hinh khac nhau ctia YOLOV8 va
Iwa chon mé hinh YOLOv8m v¢&i dd chinh xac 98,8%
dam bao thoi gian thyc.
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