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Png dung ResNet-50 trong phat hién 16i bé mat
chi tiét san pham co khi

Application of ResNet-50 in detecting surface defects of mechanical
product details

Nguyén Brc Minh', Vii Thi Lé Hang?, D6 Van Dinh3, Pham Van Nam?
*Téac gia lién hé: nampv@haui.edu.vn

Vién Han lam Khoa hoc va Céng nghé Viét Nam

2Trwong Dai hoc Cong nghiép Ha Noi

$Trwdng Pai hoc Sao Do

Ngay nhan bai: 04/6/2024

Ngay nhan bai slra sau phan bién: 22/8/2024

Ngay chap nhan dang: 30/9/2024

Tom tat

Hoc may va thi giac may tinh dong vai trd then chét trong viéc phat hién 16i sdn pham trén nhiéu nganh céng
nghiép khac nhau, nang cao hiéu qua, dd chinh xac va gidm thidu chi phi lao déng. Nghién ctru nay st dung xd
ly hinh anh két hop véi hoc may bang mé hinh ResNet-50 dé xac dinh cu thé cac 16i bé mat chi tiét co khi. Khac
v&i cac nghién ciru trwdc day chd yéu tap trung vao phan loai san phdm theo kich thuéc hay hinh dang, nghién
clru nay gidi quyét thach thirc phat hién 16i trong cac bd phan co khi yéu ciu gia cong chinh xac. Nghién ctru
nay chirng minh hiéu qua cta viéc két hop cac ky thuat x&r ly anh véi cac md hinh hoc may. Pac biét, nghién
ctru str dung ResNet-50 (Residual Network v&i 50 1&p), mét trong nhirtng mé hinh mang no-ron tich chap (CNN)
ndi tiéng trong linh vuc hoc sau va thi giac may tinh. Két qua nghién cu cho thdy ResNet-50 dap (rng cac yéu
cau khat khe vé viéc phat hién 16i bé& mét trong cac thanh phan co khi quan trong. Cu thé, mé hinh da dwoc
&p dung dé phat hién mot sé 16i bé mét cla 16i trwot puly tdng gidm tdc do xe may véi dd chinh xac dat 98,5%.
Do do, viéc ap dung thanh céng phwong phap nay cho thay tiém nang Ién trong viéc ap dung cac quy trinh kiém
soat chat lwong, ddm bao dd chinh xac va dd tin cay cao hon trong viéc phat hién 16i trong cac méi trwérng céng
nghiép va san xuét.

Ttr khéa: Phat hién 16i chi tiét co khi; ResNet-50; hoc may; mang no-ron tich chap.
Abstract

Machine learning and computer vision play a crucial role in detecting product defects across various industries,
enhancing efficiency, accuracy, and reducing labor costs. This study employs image processing combined with
machine learning using the ResNet-50 model to specifically identify surface defects in mechanical components.
Unlike previous studies that mainly focused on classifying products by size or shape, this research addresses
the challenge of detecting defects in mechanical parts that require precise machining. This study demonstrates
the effectiveness of combining image processing techniques with machine learning models. Specifically, it uses
ResNet-50 (Residual Network with 50 layers), one of the renowned convolutional neural network (CNN) models
in the field of deep learning and computer vision. The research results show that ResNet-50 meets the stringent
requirements for detecting surface defects in critical mechanical components. Specifically, the model has been
applied to detect surface defects in the sliding core controlling the pulley for adjusting motorcycle speed with
an accuracy of 98.5%. Therefore, the successful application of this method demonstrates its great potential
in implementing quality control processes, ensuring higher accuracy and reliability in defect detection within
industrial and manufacturing environments.

Keywords: Mechanical component defect detection; ResNet-50; machine learning; convolutional neural
networks.

1. DAT VAN BE cang dwoc (rng dung rong rai trong nhiéu linh vic khac
nhau. Dac biét, trong nganh coéng nghiép san Xuét,
viéc sir dung cdng nghé thi giac may tinh két hop véi
tri tué nhan tao (Al) da mang lai nhirng cai tién dang ké
Nguoi phan bién: 1. GS.TSKH. Than Ngoc Hoan trong viéc nang cao chat luvgng san pham va tu dong

2. TS. Bang Thuy Hang hda quy trinh san xuat. M6t trong nhirng trng dung noi

Trong nhi*ng ndm gan day, cong nghé thi giac may
tinh da dat dwoc nhivng bwéc tién vwot bac va ngay
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bat nhat ctia cong nghé nay 1a trong viéc phan loai va
nhan dang 16i b& m&t san pham clia cac chi tiét co khi.

Hé théng thi giac may tinh va Al cé kha ndng nhan
dang kich thuéc, hinh dang, mau séc va hinh dang cta
cac dbi twong, nhu trong nghién ctru [11] tng dung xt
ly anh va mé hinh YoLo dé phan loai hat diéu, hay (rng
dung moét sé mang Al d& chuén doan 16i clia dong co
dién [12]. Diéu nay cho phép cac hé théng kiém tra
chat lwong tw ddng coé thé phat hién va phan loai 16i
ngay trong qué trinh san xuét, gitp giam thiéu ty 1& san
pham 16i va t6i wu hda quy trinh san xuéat. Cac nghién
ctvu da chirng minh rang viéc rng dung cac moé hinh
hoc may nhw Support Vector Machine (SVM), Random
Forest va cac mang neural convolutional (CNN) cé thé
dat dwoc d6 chinh xac rét cao trong viéc phat hién 16i
bé& méat san phdm co khi. Nhw str dung hoc ban giam
sat dé phan loai 16i bé mat thép, dat dwoc do chinh xac
cao trong phan loai [1], st dung Transfer Learning va
CNN dé tw dong phat hién 16i bé mat, cho két qua vuot
troi v& dd chinh xac [2], s& dung Deep Learning dat
hiéu qua cao trong viéc phat hién va phan loai 16i [3,
7, 8], ap dung md hinh CNN lai dé phat hién 16i bé mat
thép, v&i do chinh xac cao va téc do xt ly nhanh [4, 5,
10], st dung SVM dé tw dong kiém tra 16i trén bé mat
smartphone, dat két qua dang khich |& vé d6 chinh xac
va hiéu qua [6]. Tuy nhién, nhirng cong trinh nay con
c6 moét s6 han ché co thé bao gom:

- Mé&c du céc cong trinh trwdc day da dat dwoc két qua
dang k&, nhuwng d6 chinh xac ctia cac mé hinh cé thé
van chwa dat dwoc mirc dd can thiét trong méi trudng
cobng nghiép thwc té, noi ma cac yéu ciu vé do tin cay
rat cao. Nhw trong nghién ctru [1, 2, 4, 5, 8, 9] m&i
chi gid¢i thiéu mét phwong phap wng dung mang Al va
chay thtr nghiém trén may tinh.

- Nhiéu nghién ctru chwa xem xét day du vé viéc tich
hop cac mé hinh phat hién 16i vao cac hé théng san
xuét va kiém tra hién co, diéu nay cé thé lam gidm tinh
kha thi ctia viéc trién khai thwc té nhw trong [3, 7, 10].
- Trong linh vuc cdng nghiép, nhiéu hé théng kiém tra
chat lvong tw dong da dwoc trién khai thanh cong, st
dung cac camera d6 phan gidi cao dé& chup hinh anh
céc chi tiét co’ khi tlr nhidu géc do khac nhau. Céac hinh
anh nay sau d6 dwgc x ly dé loai bd nhiéu va cai thién
chét lvong, trwdc khi dwgc dwa vao cac mé hinh hoc
may dé phan loai va nhan dang 16i. Cac hé théng nay
khong chi gitp gidm thiéu chi phi nhan céng ma con
tang do chinh xac va téc do kiém tra san pham.

Viéc wng dung cdng nghé thj giac may tinh va Al trong
nhan dang 16i b& mé&t s&n phdm co khi mang lai nhiéu
loi ich, bao gébm gidm thiéu sai sét, tdng hiéu qua san
xuét va nang cao chét lwgng san pham. Nhirng thanh
twu nay khong chi giup cac doanh nghiép san xuét
canh tranh hon trén thi trudng ma con thuc ddy sw

phat trién bén virng ctia nganh céng nghiép. Véi tiém
nang va loi ich rd rang, céng nghé thj giac may tinh va
Al hira hen sé tiép tuc dong vai trd quan trong trong viéc
dbi méi va cai tién quy trinh s&n xuét trong twong lai.

Trong nghién ctvu nay nhém tac gid ap dung déi voi
chi tit c6 tén 1a “6i truot puly” day 1a mét bo phan co
khi quan trong dé tang gidm toéc do6 xe may, doi hoi
kich thuwéc va chét lwong bé mét chinh xac cao. Hién
nay, cong doan kiém tra san pham trwéc khi déng hop
dé xuéat xwéng la tha cong, do cdng nhan truc tiép do
kiém va quan sat bang mat thworng dé phat hién cac
san pham 16i. Nhwoc diém 1a ndng suét khong cao, tén
chi phi nhan céng,... bi anh hwéng bdi sai s6 chi quan
clia con ngwdi. Yéu ciu phan loai mot sb 16i bé mat
san pham trong moét trwéng hop sau: Stt mép/canh,
han ri, cé vét xwdc, hinh anh cac 16i thé hién cu thé
trong Hinh 1 va Hinh 2 va Hinh 7 dw&i day:

(Sutrt mép) (Vét xuwée) (Han ri)
Hinh 1. L&i ngoai quan hai mét cta ctia sén phdm

(L6i chura mai)

(Han ri) (Vét xuor)

Hinh 2. L&i ngoai quanh xung quanh bén ngoai

Nghién clru nay tap trung vao viéc giai quyét van dé
nhan dang va phan loai 16i b& mat san phadm co khi
thdng qua viéc xay dwng mot hé thdng tw dong st dung
cOng nghé thi giac may tinh va tri tué nhan tao (Al).

2. XAY DUNG VA THIET KE HE THONG
2.1. Xay dwng so do nguyén ly hoat déng

Dwa trén cac yéu cau thuc t& va nhu cau cai tién trong
kiém tra chat lwong san phdm, nhém nghién ctru da
dé xuét so dd céng nghé chi tiét cho hé thdng nhan
dang 16i b& mat cac chi tiét co khi. So' dd cong nghé
nay bao gdbm cac thanh phan chinh va quy trinh cu thé,
nham cung cép giai phap toan dién cho viéc phat hién
va phan loai 16i bé mat san pham.
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Man hinh
monitor

)

Bo xir Iy dit liéu (May tinh)
0 Phin mém xir ly 4nh va Al
0 Phin mém quén Iy di liéu

A

v :

Camera kiém tra
b€ mat tru va chieu
cao

Cum dén
chiéu sang

Camera kiém tra kich
thudc 2 mat trén, dudi

Hinh 3. So d khéi cta hé théng

Nguyén Iy hoat déng ctia hé théng: Hé théng vision
gdm hai Camera, dén, may tinh dwoc bd tri nhw
Hinh 4. Kiém tra hai mat trén va dwéi ctia san pham,
khau nay kiém tra dwoc 16i vé kich thudc dweng kinh
trong va do day 1&p t6i cieng bé mat va cac 16i vé mat
trén va dwdi hinh tru ctia san pham.

Camera 1 chup mat trén cta san pham, co cau 1
xoay san pham 180° dé kiém tra mat con lai. Tiép
theo Co' cu 2 quay san pham 360° va dong bo voi
tbc dd chup anh clia Camera 2 dé quét toan bo bé
mé&t ngang san pham.

h 4

E FOV = 53x40 mm

Camera 1

Co ciu 1 xoay 180° 1
[ |

=
100 mm

p—N
A |

«
Co céu 2 quay 360°

S >
121 mm 1

K

Hinh 4. So dé nguyén ly hoat déng

2.2. Lwa chon Camera

Dé dap wng dwoc cac yéu cau vé chat lwong hinh
anh, téc d6 chup va do phan giai, nghién ctu lwa chon
Camera cla hang Cognex IS-5110 (thong s6 xem
Bang 1).

N

¥ ‘i‘lj’
Hinh 5. Camera cognex 1S-5110
Bang 1. Théng sé Camera 1S-5110

Céng két n6i Céng két n6i M12 congnghiép

Ong kinh Kiéu C-mount
Téc d6 khung hinh (FPS) 60

Do phan gidi (pixels) 1600%x1200
Ngudn cap 24VDC

3. XAY DU’NG PHAN MEM PHAN LOAI
3.1. Gi&i thiéu mé hinh ResNet-50

ResNet-50 (Residual Network with 50 layers) la mot

Tap chi Nghién ciru khoa hoc, Trudng Dai hoc Sao Do, S6 3 (86) 2024

mé hinh mang no-ron tich chap (CNN) ndi tiéng
trong hoc sau va thj giac may tinh. Bugc gi¢i thiéu
bé&i Kaiming He va cdng sw trong nghién clru “Deep
Residual Learning for Image Recognition” (2015),
ResNet-50 nang cao hiéu suét cia cac hé théng nhan
dién hinh &nh. Vé&i 50 I&p gébm céac 16p tich chap, phan
I&p va hoan toan két néi, ResNet-50 cé kha ndng hoc
sau va trich xuét dac trwng tr di¥ liéu hinh &nh hiéu
qua. Uu diém clia ResNet-50 bao gébm kha ndng hoc
sau, hiéu suat cao va (rng dung rong rai trong nhiéu
linh vwe nhw phan tich anh y té, nhan dién khudn mat
va cong nghiép.

3.2. Xay dwng tap co sé& div liéu
Xay dwng thdng qua cac budc sau:

- Thu thap di liéu: Hinh &nh can cé chat lwong cao va
dwoc chup trong diéu kién anh sang déng nhat dé dam
bao dd chinh xac ctia mé hinh.

- Tién x& ly anh: Chuan héa kich thuwéc, diéu chinh
anh sang va loc nhiéu dé cai thién chat lvong di liéu
dau vao.

- Gan nhan: Mdi anh phai dwoc gan nhan chinh xac
v&i cac loai 16i bé mat cu thé. Qua trinh nay cé thé yéu
cau sw hé tro tlr cac chuyén gia d& dam bao tinh chinh
x&c va nhat quan cla nhan.
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Hinh 6. Qua trih lay hinh anh tai nha may

N1 Dat-mat E1 (Khéng dat-mat trén/duci)

trén/dwdi)

E2 (Khéng dat-méat ngang)

N2 (Pat-maét
ngang)
Hinh 7. Tap méu da thu thdp duoc tai nha may

Sé lwgng mau dwoc chia theo ty 1é 50:20:30: Tap huan
luyén (50%) dung dé& huan luyén mé hinh nhan dién
dac trung va phan loai 16i bé mat; tap xac thuc (20%)
dé diéu chinh tham s& mé hinh; va tap kiém tra (30%)
dé danh gia hiéu suét cubi cung.

3.3. Nhan dang 16i v&i ResNet-50

Quy trinh &p dung md hinh ResNet-50 dé xac dinh 16i
bé mé&t san phadm co khi bao gém:

- CAu hinh ResNet-50: St dung TensorFlow dé tai mo
hinh ResNet-50 da huén luyén trudc, thay déi Iép cudi
dé phu hop voi sb 1&p phan loai cia bai toan.

- Xac dinh tham sb huén luyén: Thiét l1ap hoc suét
(Learning Rate), sb Epochs va kich thwéc Batch.

- Huén luyén mé hinh: S dung tap huén luyén dé diéu
chinh trong sb qua cac Epochs.

Bang 2. B6 co s& dir liéu

11 | Loai Téng sé6 | Tap huan | Tap xéc | Tap kiém
mau lwong luyén thwe tra
1 N1 1800 900 360 540
2 N2 1600 800 320 480
3 E1 800 400 160 240
4 E2 1200 600 240 360

Két qua trén dwoc tao ra tir viéc chay mé hinh nhan
dang trén Google Colab, v&ibatch_size 32 vaty 1& huan
luyén/kiém tra (Bang 2). Kién tric sau ctia ResNet-50
tw dong hoc cac dac trwng tir hinh anh thé, phat hién
cac mau dic trwng cla c& san phadm binh thwdng va
bi 16i, gitp phan biét hiéu qué cac 16i nhé ma phwong

phap truyén théng khé phat hién, mé hinh nhan dang
c6 dd chinh xac 98,8% diéu nay chirng t6 ResNet50 la
nén tang dang tin cay nhat dé chan doan 16i trong cac
thanh phan san pham co khi.

Training and validation loss
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®
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]
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2
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Hinh 8. Biéu dé huén luyén va dé chinh xac
4. KET QUA THU NGHIEM
Gidi thieu mot sb hinh anh ctia mé hinh thd nghiém.

UNG NGHE

5 LUGNG VA

Hinh 9. Méy duoc thiét ké va Idp dat chay tho
tai nha may
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Hinh 10. Cum kiém tra 2 méat cta sén phdm

Anh Goc Ket Qua

Hinh 11. Cum kiém tra bé méat ngang sdn phédm
Hiéu qua cta hé thdng kiém tra 16i b& mat sdn pham:

- Viéc kiém tra 16i b& mat san phdm bang cong nghé
xt ly hinh anh va tri tué nhan tao da dat hiéu qua vuwot
troi so v&i phwong phap tha cong. Hé thdng tw dong
phat hién cac 16i nhé nhw vét xwéc, st mé, hay han ri
ma mét thwong khé nhan thay, véi dd chinh xac trén
98%. Diéu nay gidp gidm thiéu san pham 16i va nang
cao chat lwong téng thé.

- Danh gia téc do: Hé théng tw dong hoa da cai thién
dang ké téc do kiém tra. Trong khi kiém tra thi cong
méat 15-20 gidy mdi san pham, hé théng méi gidm thoi
gian xudng con khoang 10-12 giay. Biéu nay khéng chi

tang nang suat ma con giam thai gian chd doi, toi wu
héa quy trinh va tiét kiém chi phi nhan céng.

Hé théng kiém tra 16i va do kich thwéc sadn phdm co
khi st dung cdng nghé x& ly hinh anh va tri tué nhan
tao da chirng minh hiéu qua vuwot troi so véi kiém tra
th cong. Do chinh xac cao, tbc d6 kiém tra nhanh va
d6 6n dinh ciia hé théng gitp nang cao chat lwong san
pham, tang nang suét va tdi wu hoa chi phi san xuét,
ddng thoi khuyén khich 4p dung coéng nghé tién tién
trong san xuét cdng nghiép.

5. KET LUAN

Nghién ctu da gidi thiéu vé viéc ing dung x& ly anh
va tri tué nhan tao trong hé théng chan doan 16i cac chi
tiét san phdm co khi. S dung mé hinh ResNet-50 va
cac ky thuat xtr ly anh, chung téi da thanh cong trong
viéc phat hién va phan loai cac 16i b& mat nhu xuwérc,
chwa mai, héng, dong thdi xac dinh kich thwéc san
phadm. Phuwong phap dwoc trién khai bang ngdn ngiy
lap trinh Python, dat két qua kha quan va thé hién tiém
nang &ng dung trong thwc té. Chung t6i tin rang hé
thdng chan doan 16i va xac dinh kich thwdc san pham
co khi st dung tri tué nhan tao va xt ly anh sé tiép tuc
dwoc phat trién va (rng dung rong rai trong cac linh
vuc san xuat va kiém tra chat lwong san pham. Piéu
nay sé giup nang cao hiéu qua va dd chinh xac trong
qua trinh san xuét, dong thdi giam thiéu 16i sdn pham,
tang cwdng do tin cay va uy tin clia nha san xuét.

LOI CAM ON
Két qua nghién ctu nay thudc dé tai cdp bd c6 ma
sb CT07/04-2022-3.
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