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TAP Chi NGHEN CUU KHOA HOC, TRUGNG DAY HOC SA0

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao D6 (P. ISSN 1859-4190, E. ISSN 2815-553X), thudng xuyén
cong bo két qua, cong trinh nghién clru khoa hoc va céng nghé ctia cic nha khoa hoc, can bd, gidng vién, nghién
ctru sinh, hoc vién cao hoc, sinh vién & trong va ngoai nudéc.

1.

10.

11.

12.

Tap chi xuat ban 01 s6/quy bang hai ngdn ngir tiéng Viét va tiéng Anh. Tap chi nhan dang cac bai bao khoa
hoc thudc cac linh vuc: Dién - Dién tir - Tw dong héa; Co khi - Dong luc; Kinh té; Tri€t hoc - Xa hoi hoc -
Chinh tri hoc; Cac linh vuc khac gdm: Cong nghé thong tin; Héa hoc - Céng nghé thuc pham; Ngon nglr
hoc; Toan hoc; Vat ly; Van hda - Nghé thuat - Thé duc thé thao...

Bai nhan dang 1a nhirng céng trinh nghién ctru khoa hoc chua céng bé trong bat ky an pham khoa hoc nao.
Toa soan chi nhan bai bdo guri online trén website http:/tapchikhcn.saodo.edu.vn. Bai bdo glri vé toa
soan dudi dang file dién tir (*.doc *.docx va *.pdf); cudi bai bao, tac gia ghi ré thong tin dia chi lién hé, s
dién thoai, email va cap nhat thong tin trén website. Bai bdo phai duoc trinh bay dang dinh dang, ro rang;
Trudng hop bai bao phai chinh stra theo thé Ié ho3c theo yéu ciu clia Phan bién thi tac gid sé cap nhat trén
website. Ngudi phan bién sé do toa soan moi. Toa soan khéng gtri lai bai néu khéng dugc dang.

Céc cong trinh thudc dé tai nghién ciru cé Co quan quan ly can kém theo gidy phép cho cong bé clia co
quan (Tén dé tai, ma s, tén chi nhiém dé tai, cap quan ly,...).

Tén bai bao trinh bay bang hai ngén ngir (ti€ng Viét va tiéng Anh), font Arial, c& chir 14, in dam, can giira.
Tén tac gia (khéng ghi hoc ham, hoc vi), font Arial, c& chir 10, in dam, can [é phai; co quan cong tac clia cac
tac gia, font Arial, c& chir 9, in nghiéng, cin [é phai.

Chir “Téom tat” in dam, font Arial, c& chir 10; Noi dung tém tat cta bai bao khéng qua 10 dong, trinh bay
bang hai ngdn nglr (ti€ng Viét va tiéng Anh), font Arial, c& chir 10, in thudng.

Chir “Tlr khéa” in dam, nghiéng, font Arial, c& chir 10; C6 tir 03+05 tlir khéa, font Arial, c& chir 10, in
nghiéng, ngin cach nhau béi dau cham phay, cudi cung 1a ddu cham.

No6i dung bai bao viét bang tiéng Viét hodc tiéng Anh; Néu 13 bai bao viét bang tiéng Viét: Tiéu dé tiéng
Viét trudc, tiéng Anh sau; Tom tat tiéng Viét trudc, tiéng Anh sau; Tor khda tiéng Viét trudce, tiéng Anh sau;
Né&u |3 bai bao viét bang ti€ng Anh: Tiéu dé tiéng Anh trudc, tiéng Viét sau; Tém tat tiéng Anh truéc, tiéng
Viét sau; Tir khoa tiéng Anh trudc, tiéng Viét sau.

Bai bdo dugc danh may trén khé gidy A4 (21 x 29,7cm) c6 dé dai khdng qua 8 trang, font Arial, c& chir 10,
gian dong At least 12pt, Before 3pt, After 3pt; cin [é trén 2.5cm, dudi 2.5cm, trai 3cm, phai 2cm; hinh vé
phai ré rang, du nét va duoc dinh dang dudi dang file anh (*.jpg); Phuong trinh, cong thirc phai soan thao
bang Mathtype hodc Equation; Phan noi dung bai bao duoc chia thanh 02 cot, khoang cach cot 1a 1cm;
Trong trudng hop hinh vé, hinh anh cé kich thuéc 16n, bang biéu c6 dd réng |6n hodc céng thire, phuong
trinh dai thi cho phép trinh bay duéi dang 01 c6t.

Tai liéu tham khao duoc sip xép theo thir tu tai liéu dugc trich dan trong bai bao.

- Néu la sach/luan an: Tén tac gia (ndm), Tén sach/luan an/luan van, Nha xuat ban/Truong/Vién, [an xuat
ban/tai ban.

- Néu |3 bai bao/bao cao khoa hoc: Tén tac gia (ndm), Tén bai bao/bao cao, Tap chi/Hoi nghi/Hoi thao, Tap/
Ky yéu, s6, trang.

- Néu 13 trang web: Phai trich din day du tén website va dudng link, ngay cap nhat.

Pinhdang maubaibao thamkhaotaidiachihttp:/tapchikhcn.saodo.edu.vn/news/detail/198/format_paper
Bai bao sau khi xuat ban sé dugc cong b trén http:/tapchikhcn.saodo.edu.vn.
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NGHIEN CUU KHOA HOC

ng dung xtr ly anh va mé hinh faster R-CNN trong hé théng
chan doan 16i chi tiét san pham co khi

Application of image processing and faster R-CNN network model
in error diagnosis system for mechanical product components

D6 Vin Pinh", Pham Van Nam2, Nguyén Van Thanh?,
Nguyén Huy Nam?, Nguyén Vin Diing?

*Tac gia lién hé: dodinh75@gmail.com

"Trwdng Pai hoc Sao Do

2Trwong Dai hoc Cong nghiép Ha Noi

Ngay nhan bai: 26/3/2023

Ngay nhan bai stra sau phan bién: 16/6/2023

Ngay chap nhan dang: 20/6/2023

Tom tat

Hoc may, thi gidc may tinh, ngay cang dwoc ap dung rong rai trong nhan dang 16i cac s&n phadm trong nhiéu
linh vire cdng nghiép, ndng nghiép,... lam tang hiéu qua, d6 chinh xac va giam chi phi nhan céng. Nghién ctru
nay, ching t6i st dung x& ly anh bang &ng dung thw vién OpenCV, két hop hoc may dwa trén mé hinh FASTER
R-CNN dé xac dinh 16i bé mét, kich thwéc vong bi. So véi cac nghién ciru trwde day, nghién cru nay chi trong
xac dinh cac ban kinh ctia vong bi cling véi sai 1éch 0,02 mm, cac nghién ctru tréc chi yéu do cac vat thé dang
hép, hodc chi xac dinh mét ban kinh ngoai vat thé. Md hinh FASTER R-CNN trong bai bao nay da xac dinh dwoc
cac vong bi 16i vai do chinh xac 98%, déng thdi két quéa nhan dang tir mang nay cling chinh xac hon cac mé hinh
khac nhw YOLO, SSD...

Tur khéa: OpenCV: thi giac may tinh; chi tiét co khi; mang noron tich chép.

Abstract

Computer Vision and Machine Learning are increasingly being applied in detecting product defects across various
industries such as industrial and agricultural, leading to increased efficiency, accuracy, and reduced labor costs.
In this study, we utilized image processing algorithms with OpenCV library, combined with deep learning model
FASTER R-CNN to identify bearing faults. Unlike previous studies that mainly focused on measuring box-shaped
objects or only identifying the outer radius of an object, our study emphasizes identifying the radii of bearings
along with a deviation of 0.02 mm. The porposed FASTER R-CNN model to accurately identify faulty bearings
with a precision of 98%. Through our research and experimentation, we have also found that the CNN model is
more accurate in detection than other models such as YOLO and SSD.

Keywords: OpenCV; computer vision; mechanical product details; convolutional neural networks (CNN).

1. DAT VAN DE

Mot day chuyén san xuét trong mét gier co thé lién tuc
san xuat ra hang tr&m, hang ngan san pham tuy chiing
loai. Tuy nhién, moi thanh phdm d&u ra khéng thé hoan
hdo 100% ma chac chan sé c6 nhitng sén pham I6i.
Khau kiém tra cudi cung truwdc khi dong san phdm vao
hop, thuéng do céng nhan thwc hién, nén sé rat tén
thoi gian. Do do, dé tiét kiém thdi gian, tang d6 chinh
xac, nhirng nam gan day nhiéu nha may san xuét da
&¥ng dung cla cdng nghé thi giac may dé giai quyét
van dé nay.

khong tiép xuc). Vi du nhw 1a &ng dung dé do kich
thwdc cac chi tiét cé kich thwéc nhé [1], xac dinh cac
I6i vé dwdng ray xe Ira (nhw tAm budc, chét, neo va
bu 16ng, xac dinh khuyét tat, phan tich m&c dd nghiém
trong cla khuyét tat va phan tich tinh trang thoi gian
cling nhuw danh gia dy doan dai han) [2], xac dinh cac
16i vé& két cAu mat duong, kiém tra an toan cho cac két
cAu cao tang, hinh anh dwoc thu thap tir may bay UAV
[3], kiém tra chat lwong dwdng dng, cac vét laser xuét
hién trén b& mat bén trong clia dworng ng tiét 16 hinh
dang cta dwong 6ng. Hinh dang 3D clia duéng 6ng
c6 thé dwoc tai tao xem xét chuyén dong cla robot di
Do c6 nhu cau thuwc té cao, nén rét nhiéu cac nghién  dong doc theo dwdng 6ng [4].
clru, cac cdng ty cdng nghé san xuét may da tich hop

thém céng nghé x&r I &nh (mot sb con goi 1a do luong  '¢" M@V, nhieu tng dung st dung cong nghé thi giac

may da dwoc phat trién trong cac linh virc néng nghiép,
chang han nhw vién tham trén dat lién va trén khong

Nguwoi phan bién: 1. PGS.TSKH. Tran Hoai Linh
2. GS.TSKH. Than Ngoc Hoan

dbi v&i khu vie tw nhién danh gia nguén lwc, canh tac
chinh xac, chéat lwgng va an toan san pham sau thu

12 Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Dé, S6 2 (81) 2023



LIEN NGANH DIEN - DIEN TU - TU DONG HOA

hoach phat hién, phan loai va sap xép, va tw dong hoa
quy trinh. Diéu nay c6 thé thuc hién dwoc do hé théng
thi giac may khong chi nhan dang kich thwéc, hinh
dang, mau séc va két ciu cla cac déi twong, ma con
phan tich va danh gia dwgc cac gia tri thudc tinh clua
cac déi twong hodc canh dwoc chup [5]. Céng nghé
xt ly anh va Al cling dwgc thng dung trong linh vec y
té, chuan doan bénh qua hinh anh [6, 7]. C6 thé nhac
t&i thém mot sb Iinh vwe da ap dung ng dung cong
nghé thj giac may tinh va Al trong cdng nghiép hién nay
nhw may phat hién 16i chi tiét co khi, chay trén bang tai
[13], hay hé thdng kiém tra phanh dia 6 t6 [15]. Cac hé
thdng nay st dung camera cta hang Cognex va dau
doc ma vach dwoc st dung dé& cai thién chét lwong
nhan dang va gidm chi phi nhan cong.

N

Hinh 1. Méy phéat hién 16i trén bé mét sén phédm co khi
chay trén bang tai

Déi vai linh vire san xuét co khi (nhw cac nha may phu
tro s&n xuét linh kién cho 6 td, xe may, hay san xuét
may méc doi hdi dé chinh xac cao...), hay trong linh vyrc
ché tao may, I&p rap ndi chung, chi tiét co khi nhw vong
bi, truc vit, dé ga jig,... can dwoc kiém dinh chét lwong
vé nhiéu théng s, trong do viéc xac dinh kich thuéc va
16i bé& mat chi tiét Ia phd bién va quan trong nhét.

DPéi twong nghién ctru trong bai bao nay 1a vong bi, vi
day la mét chi tiét co khi quan trong trong nhiéu rng
dung cong nghiép. Ching dwoc st dung dé gidm ma
sat va hé tro quay cho cac truc xoay trong cac may
méc va thiét bi khac nhau. P& ddm bao chét lwong
cla vong bi tron trwdc khi dwa ra thi trwdng, quy trinh
kiém tra chat lwong théng thwong qua nhiéu buwdc
nhw: Kiém tra chat liéu, mai mon, boi tron, tai trong, do
bén.... Trong do, cé khau kiém tra kich thwéc va hinh
dang, cu thé vong bi tron phai tuan tha cac théng sb ki
thuat dwoc quy dinh, bao gém dudng kinh, dé chinh
xac hinh dang, bé mét....

b. Loai 2:
Léi chwa déng nép bi

a. Loai 1: Binh thuong

d. Loai 4: L&i 16m nap bi

c. Loai 3:
Léi vét xuwéc/mé canh
Hinh 2. Hinh &nh vong bi va mét sé 16i co ban

Muc tiéu nghién ctru cu thé ctia bai bao: Xay dwng giai
phap phan tich hinh anh dé phan san pham vong bi
thanh 2 loai: Pat va khbng dat, cu thé nhw sau:

(1) V& kich thwéc, yéu cau do kich thwéc cla 2 mat
trén va dudi can dam bao cac yéu ciu sau:

- Buong kinh trong: Kich thuéc tiéu chuan 10 mm, yéu
cau dung sai +0,02 mm;

- Duwdng kinh ngoai: Kich thwédc tiéu chuan 24 mm, yéu
cau dung sai +0,02 mm, kiém tra 2 mét trén va dwéi.

(2) L6i bé mét, sdn pham khéng dat khi gap 1 trong cac
I6i nhw miéu ta trong Hinh 2.

2. XAY DUNG VA THIET KE HE THONG

2.1. Dé xuat phwong an

Xuét phat ttr cac muc tiéu trén, bai bao dé xuat so' dé cong
nghé cla hé thédng nhan dang san pham I6i nhw sau:

Man hinh
monitor (9)

!

B¢ xir1y dit liéu (May tinh) e
0 Phinmémxirly dnhva Al | R i‘i" ‘;12‘ (l;};jec‘;
0 Phin mém quan 1y dit licu > e
@ ®)
A

|

A

Cuym 02 Camera C}.l‘m d,e 0
chiéu sang

) ©)

v v ' ,

A

Cum cép Kiém tra Kiém tra téccﬁr:apzh;i:ai
san pham =  kich =3 16i bé mit =P "o
. Pat-khong dat
() thude (2) 3) @

Hinh 3. So d6 khbi hé théng nhéan dang va phén loai
16i tw dong

a. Nguyén ly hoat déng

Dau tién, san pham ti thung chva dwoc cho vao bd
phan cap san pham (1). San phadm dwoc day vao khu
kiém tra kich thuéc (2) va kiém tra 16i bé mé&t san pham
(3) bédng cum camera (5) gdm 02 camera kiém tra lan
lwot hai mat trén va dwdi clia san phdm: khau nay kiém
tra dwoc 16i vé kich thuwdc dwong kinh trong, dwong
kinh ngoai va cac 16i bé& mét ctia san pham.

Dé dam bao chét lwong anh tét, can coé hé thdng chiéu
sang nén (6). San pham sau khi di qua hai cdng doan
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kiém tra (2 va 3), phan mém x ly di liéu tw dong st
dung phéi hop cdng nghé x ly &nh va Al trén may tinh
(7) dé dua ra két qua phan loai la dat va khong dat.

Toan b qua trinh thywc hién dugc hién thij trén giao
dién man hinh monitor (9), két qua dwoc truyén dén
bo didu khién trung tam (8) dé diéu khién cac co cap
chép hanh (4) dé day san phdm khéng dat ra bén ngoai
bang tai.

b. Lwa chon Camera

O day dé& dam bao két qua do luwdng kich thuwéc vong
bi c6 sai s6 0,02mm va cé chét lwong hinh anh tbt dé
x& ly anh dé& dang ta dung Camera cé d6 phan gidi 4K
(3840%2748), nén chon Camera OPT-CM1000-GL-04
st dung trong khdi LAy mau.

29.‘00

Hinh 4. Camera OPT-CM1000-GL-04
Bang 1. Théng s6 Camera OPT-CM1000-GL-04

D6 phan giai 3840%2748
Dién tich diém anh(um?) 0.185%0.185
Loai Cam bién CMOS Rolling
Sensor MT9J003

Téc d6 khung hinh (FPS) 9

Kiéu truyén théng Ethernet

Thoi gian chup 143ps-1s
Mau sic anh Mono

Noi dung tiép theo clia bai bao sé gidi thiéu phdn mém
dé do kich thwéc va nhan dang 16i b& mat san pham...
trng dung thw vién OpenCV va md hinh Faster R- CNN.

2.2. Xay dwng phan mém
2.2.1. Phwong phap xac dinh kich thwéc

Cac nghién ctru [6, 7] da chi ra phwong phap do kich
thwdc cho cac vat thé dwa vao hinh chir nhat nhd nhét
bao quanh vat, va chi do phan kich thuwéc ngoai cung
vat thé. Cac nghién ctu trwéc ap dung x& ly anh dé
xac dinh kich thwéc chd yéu dang hinh hdp, hodc chi
do thdng sb ban kinh ngoai ma chwa &p dung cho ddi
twong co khi dang phire tap, nhw vong bi. T nhirng
co s& cla cac nghién clru trwédc, chung toi dua ra
phwong phap xac dinh cac ban kinh cta vong bi co
khi va st dung phwong phap dwdng tron nhd nhét bao
quanh vat thé, cling nhw xac dinh théng qua cac diém
nhi phan anh.

Pé thuc hién viéc do dac ban kinh, cac sb liéu lién
quan dén khodng cach trong bai bao can st dung
OpenCV, mét thw vién cla Python dé hé tro do kich

thuwée, khodng cach. Trong nghién ctru nay, ching toi
st dung phwong phap vat tham chiéu.

Phwong phap nay duoc thwe hién nhw sau: Dau tién,
chung toi lwa chon mét ddi twong chudn da biét kich
thwéc goi 1a “Vat tham chiéu”. Béi twong chuén nay cé
hinh dang twong ddng v&i hinh dang clia déi twong
can do vé hinh dang, két cAu dé dé dang hon trong
viéc tinh toan. Vat tham chiéu dwoc dung trong nghién
clru ¢6 dang tru tron dwoc chup goc tiv phia trén xubng,
¢6 ban kinh do dwoc R = 16,002mm. Buéc tiép theo,
tién hanh chup vat tham chiéu & dd cao h = 18cm cb
dinh cho truwéc, cwong d6 anh sang du. Sau do, sk
dung thuat toan tach déi twong, xac dinh ban kinh cla
vat tham chiéu la R_ = 769px (pixel) mm, suy ra kich
16,002

thwée that clia 1 pixel la mm (goi 1a hé sb ty &

mm/ px).

DPé thue hién vai xac dinh dung cac ban kinh vong bi,
chuling t6i da xt ly quy trinh nhw sau:

Déu vao: Chuyén anh sang mién Phat hién canh Vl'Yi‘ b
xam va ap dung bo loc loc Can‘ny, Tim céc B
Brres dwéng vien cla vat thé

Anh chup
Nhén véi hé s6 Xac dinh céc thong sé Tim duéng tron
ty 16 mm/ pixel tam, ban kinh trong, nhé nhat bao
ngoai theo pixel quanh vét the

Dau ra: Kich
thuérc cac ban

Hinh 5. Quy trinh xt¥ ly dnh dé xéc dinh
kich thuwéc vong bi

kinh vong bi

O trong nghién ctru nay, viéc chuyén anh tir khdng gian
mau BGR sang khong gian mau xam (grayscale) béng
ham cv2.cvtColor (image, cv2.COLOR_BGR2GRAY)
nham gidm kich thwédc anh va qua trinh tinh toan. B6 loc
Gauss, ham cv2.GaussianBlur() giup lam m& anh, loai
bd nhiéu trén &nh cling v&i dé lam md céc chi tiét thiva.
Ap dung bd loc Canny dé phat hién canh lién clia vat thé
trong anh bang ham cv2.Canny(). Nhitng dwdng vién
clia vat thé dwoc tim bang ham cv2.findContoursy().

Sau khi c6 cac dwdng vién, viéc loc cac dudng vién dé
tim dwéng vién I16n nhat va chon dwéng vién d6 dé xac
dinh kich thuwéc vat thé. Ter dwong vién dd, xac dinh
tam vong bi va tinh toan cac ban kinh. Tiép do, tinh
toan kich thuwéc vat thé trong anh dwa vao ty 1& mm
trén diém anh, sé P (rate). Hién thi két qua hodc lwu két
qué vao file dé st dung sau nay. Cudi cung, tién hanh
chup &nh nhan ban kinh do dwgc & don vi pixel voi sb
P la sé ra kich thwdc that cla vat.

2.2.2. M6 hinh Faster R-CNN
Cac két qua trong [10] da chi ra rdng dd chinh xac

Faster R-CNN cao hon so v&i cac mo hinh khac. Qua
qua trinh nghién ctu trén, nhém tac gia nhan thay
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cac md hinh YOLOv3, YOLOv4, hay SSD c¢6 tbc do
x& ly nhanh. Tuy nhién, cac mé hinh dé cé dé chinh
xac khodng cao bang mé hinh Faster R-CNN. Clng véi
do, Faster R-CNN thé hién kha nang phat hién vat thé
trong diéu kién anh sang téi, cac chi tiét cé kich thuéc
nhé vwot tréi hon cac mé hinh con lai. Do dé, ching téi
lwa chon mé hinh Faster R-CNN cho phat hién céc 16i
v&i kich thwéc nhé clia vong bi.

Faster R-CNN 1a mé hinh tét nhat cia ho cac mang
R-CNN, dwoc cong bd dau tién vao ndm 2015. Phién
ban dau tién cta Faster R-CNN 1a R-CNN, v&i nguyén
li don gidn. Faster R-CNN s dung mét mang CNN
dé trich xuét feature map va moét Region Proposal
Network (RPN) dé tao ra cac vung quan tdm cao
(region proposals). Sau d6 st dung CNN dé trich chon
dac tinh ttr cac vung quan tdm cao d6. Faster R-CNN
¢6 nhiéu wu diém nhw tbc do x& ly nhanh hon so véi
cac thuat toan cung ho phat hién déi twong khac,
dd chinh xac cao va phat hién dwoc nhiéu déi twong
khac nhau trong cung mét hinh anh.

M6 hinh bao gdm céc giai doan sau:

- Mang dé xuét ving (RPN): Giai doan nay tao ra mot
tap hop cac hop gi¢i han &ng vién cho dbi twong.
N6 nhan mét hinh anh dau vao va tao ra mét tap cac
dé xuét hinh chir nhat, méi dé xuét c6 diém sb vé tinh
déi twong. Nhivng dé xuét nay duwoc chuyén sang giai
doan tiép theo dé xwr ly tiép.

- Trich xuat d&c trwng: Cac vung dugc dé xuét tiy giai
doan trwdc dugc st dung dé trich xuét ddc trung to
hinh anh bang mét mang noron tich chap (CNN). Trong
Faster R-CNN, CNN nay co thé dwoc huan luyén truvdc
trén mét tap di liéu Ion nhw ImageNet.

- Rol Pooling: Cac ban db d&c trung dau ra tiv giai doan
trwéc dwoc st dung dé gom nhém céc dac trung cho méi
vung duoc dé xuét thanh moét ban dd déc trung cd kich
thwdc ¢b dinh. Qua trinh nay duoc goi la Rol Pooling.

- Phan loai va dy doan: Cubi cung, cac ban dd dic
trwng da dwgc gom nhém tr Rol Pooling duwgc duwa
vao mét mang noron day da két ndi dé phan loai ddi
twong va wéc tinh cac hdp gidi han cubi cung cho cac
déi twong dwoc phat hién trong hinh anh ban dau.
Qua céc giai doan trén, Faster R-CNN da cho thay hiéu
qua cao trong viéc phat hién va dinh vi dbi twong trén
cac tap di liéu kiém tra phé bién nhw PASCAL, VOC
va COCO.

3. KET QUA NGHIEN clU
3.1. Két qua xac dinh kich thwéc vat thé

Két qua xac dinh kich thwoc vat thé chinh xac voi
sai s6 e = + 0,02mm. Két qua nay cho thay tiém nang
cula viéc ap dung céng nghé xt ly anh trong cac &ng
dung cong nghiép dé nang cao chét lwong san pham
va gidm thiéu I8i trong qua trinh san xuét.

Inside radiu
Outside radius

Hinh 6. Két qué xac dinh kich thudc

Ngoai ra, két qua do duwoc con phu thudc khodng cach
tr camera dén vong bi, tam goi 1a h, dwoc thdng ké
dwéi dang bang sau:

Bang 2. Céc s liéu mét sé Ian do véi chiéu cao h khac nhau

h=13
cm

h=15
cm

h=18
cm

h=20
cm

h=23
cm

Ban kinh ngoai
thwe té: 16.002 mm

Ban kinh ngoai do

duwogc & dang pixel 929

916 | 769 | 676 | 568

Hé s6 ty 1&é mm/px | 0.017/0.017|0.021| 0.024| 0.028

Tw cac sb liéu trén, thu dwoc ham quan hé gitra khoang
céach tlr camera dén vong bi, ky hiéu 1a h véihé sb ty 1é
mm/pixel bang phwong phap Lagrange:

13, 1883 3191

L(x) L 19 (14)
140 210 420

T840 420
Trong do: L(x) 1a hé sé ty 16 mm/pixel;
h 1a khodng cach tr camera dén vong bi.

3.2. Két qua nhan dang déi twong

Viéc ap dung mé hinh mang CNN vao viéc xac dinh 16i
bé mat sdn phdm co khi gdbm cac phan:

Dau tién, chung t6i tién hanh thu thap cac hinh anh
ctia vong bi tir nhiéu géc dd khac nhau. Sau dé, ching
t6i str dung cac trang chuyén dung: Roboflow.com dé
xt ly anh va tao dataset v&i cac nhan: “Good” cho san
pham dat, “Scratch error” cho 16i xwéc, “Rusty error”
cho 16i han, gi va “Other error” véi cac 16i khac.

Tiép theo, cac hinh anh nay dwoc dwa vao méd hinh
mang Faster R-CNN dé huan luyén va kiém tra két qua.

M®& hinh sé tw déng phat hién cac dac trwng trén bé mat
chi tiét sdn pham co khi, nhw 16, nirt, vét tray xuwéc, va
danh dau chung la cac 16i. Khi phat hién duoc 18, mo
hinh sé& tw dong dwa ra két luan vé tinh trang cGa san
pham, tir d6 gitip cho qua trinh b&o tri va sra chira tr&
nén dé dang va hiéu qua hon. Phwong phap xac dinh
16i b& mat bdng md hinh mang CNN la mét phwong
phap tién tién va hiéu qua trong viéc chan doan 16i san
pham co khi. N6 mang lai nhiéu lgi ich cho nganh céng
nghiép co khi, gidp tdng cwdng chéat lwong san pham
va téi wu héa qua trinh san xuét.
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o @

Valid 132 Test

Hinh 7. Anh sau khi xt ly, gan nhan

Viéc ap dung mé hinh mang CNN vao viéc xac dinh 16i
bé mat san pham co khi gébm cac phan:

Dau tién, chang toi tién hanh thu thap cac hinh anh cta
vong bi tir nhiéu géc do khac nhau. Sau dé, ching toi

Browse

(@ How to Search

Filename : VALID

Split : ° TRAIN

TesT  Classes: Al Glasses

str dung cac trang chuyén dung: Roboflow.com dé xur
ly anh va tao dataset v&i cac nhan: “OK” cho san pham
dat, “NG-1” cho 16i chwa dong nép, “NG-2” cho 16i déng
nguoc nap, “NG-3” cho 16i 16m va “NG-4” véi 16i xwéc.

X De-Select + SelectAll 0 Images Selecied
Q, Search
Tags @: | a1~ | SortB v = n

Pic_2023_05_2

o,

Pic_2023 05.2..

@ ®

Pic_2023 05_2... Pic_2023 05_2...

Hinh 8. Anh sau khi xtr ly, gén nhan

Tiép theo, cac hinh anh nay dwoc dwa vao md hinh
mang Faster R-CNN dé& huan luyén va kiém tra két qua.

M6 hinh sé ty déng phat hién cac dac trwng trén bé mat
chi tiét san pham co khi, nhw 16, niit, vét tray xwde va
danh dau chung 1a céc 16i. Khi phat hién dwoc 16i, mo
hinh sé tw dong dwa ra két luan vé tinh trang ctia san

train/box_loss train/cls_loss

20

train/dfl_loss

pham, tir d6 gitip cho qua trinh bao tri va stra chiva tré
nén dé dang va hiéu qua hon. Phwong phap xac dinh
I6i b& mat bdng moé hinh mang CNN la mét phuong
phap tién tién va hiéu qua trong viéc chan doan 16i san
pham co khi. N6 mang lai nhiéu loi ich cho nganh cong
nghiép co khi, gilip tdng cwdng chat lwong sédn pham
va t6i wu héa qua trinh san xuét.

metrics/precision(B) metrics/recall(B)

—e— results 4.0 0.6 08
3.0
0.5 0.7
15 35
25 5% 0.4 0.6
0.3 0.5
20 10 25 o2
2.0 . 0.4
15 -
5 15 03
0.0
0 10 20 0 10 20 0 10 20 0 10 20 0 10 20
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
22 0.5
o 10
20 - 0.30
2.0 8 1.8 0.25
1.6 0.3 0.20
18
0.15
s 14 0.2
16 12 0:10
4 0.1
10 0.05
14 0.00
0 10 20 0 10 20 0 10 20 0 10 20 0 10 20

Hinh 9. B4 thi dénh gié qua trinh huén luyén mé hinh
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Két qua nhan dang dbi twong cho nghién ctu véi dbi
twong la vong bi cho thdy rdng mé hinh mang Faster
R- CNN c6 thé nhan dang chinh xac céc I6i chi tiét trén
vong bi. Cac 16i nhw niit, tray xwée, va léch kich thuéc
déu dwoc phat hién va phan loai mét cach chinh xac.
Diéu nay cho thay tiém n&ng 16n cla viéc 4p dung md
hinh mang Faster R- CNN trong viéc chan doan 13i chi
tiét san pham co khi.

Hinh 10. Két qua thir nghiém
4.3. Két qua xay dwng mé hinh thir nghiém

Gidi thieu moét sé hinh anh ctia mé hinh thwe nghiém:

14,
z

Hinh 11. Hinh &nh téng quan mé hinh

Hinh 13. Cum Lét hoat ddng

Khdi Giam sat s dung phan mém Microsoft Visual
Studio dé thiét ké& giao dién diéu khién trén Winform
— C#. Khéi Xt ly anh st dung Microsoft Visual Studio
Code dé xtr ly &nh bang ngén ngi 1ap trinh Python.

o

L

COMNECTTO L.

UPPER SURFACE

*

P Address 19216801
COMMECT | DISCONNECT

CoNTROL RESULT

Toladl 4
STaRT

Ok 2

1P
NG: 2

EBT

aan

CYCLE 7

OPTCMIDNGLM o o

BEARING CLASSIFICATION SYSTEM

DISPLAY CAMERR T DISPLAYCAMERA 2

BELOW SURFACE

OPT-CMI000-GL02 . ax orF

Hinh 14. Giao dién giam sét trén may tinh

4. KET LUAN

Bai bao nghién clru da gidi thiéu vé viéc rng dung x0r
ly anh va tri tué nhan tao trong hé théng chan doan
I6i cac chi tiét sdn phdm co khi. S dung mang noron
tich chap (CNN) va cac ky thuat x& ly anh, chung toi
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da thanh céng trong viéc phat hién va phan loai cac 16
bé mat nhw xwéc, chwa mai, hdng, déng thdi xac dinh
kich thwéc sdn pham. Phwong phap duoc trién khai
bang ngén ngt¥ 1ap trinh Python, dat két qua kha quan
va thé hién tiém nang &ng dung trong thuc té.
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Dwa 'trén két qua nghién ctru, chung to6i dwa ra cac
khuyén nghj sau:

- Tiép tuc nghién clru va phat trién cac phwong phap
nang cao hiéu suat ctia mé hinh, dac biét la trong viéc
phat hién cac 16i b& mat c6 do twong tw cao hodc kich
thwéde nhd.

- M’é’ rong rng dung clia phwong phap cho cac Ioa! san
pham co khi khac, khéng chi gi¢i han & cac chi tiét co
khi da dwgrc nghién ctru trong bai bao.

- Hop tac vé&i cac nha san xuéat va chuyén gia nganh co
khi d& ndm bat nhu ciu thuc té, didu chinh va cai tién
mé hinh phi hop véi tirng loai sdn pham va mai truwdng
san xuét cu thé.

Bang viéc ap dung nhirng khuyén nghj trén, ching toi
tin rdng hé thdng chan doan 16i va xac dinh kich thuwéc
san pham co khi s dung tri tué nhan tao va x& ly anh
sé tiép tuc dwoc phat trién va (ng dung rong réi trong
céc linh vire san xuat va kiém tra chat lwong san pham.
Diéu nay sé gilp nang cao hiéu qua va dd chinh xac
trong qua trinh san xuét, déng thoi gidm thiéu 16i san
pham, tdng cwérng dé tin cay va uy tin clia nha san xuét.

Trong két luan nay, ching t6i mong muédn rang bai bao
nghién ctu cla chung tdi s& lam ndi bat tiém nang cla
mo hinh mang CNN va x& ly &nh trong viéc giai quyét
cac van dé thuc té va khuyén khich cac nha nghién
ctu, doanh nghiép va chinh phd dau tw vao nghién
cru va trng dung nhirng cdng nghé nay.
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