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In the context of modern mechanical manufacturing, quality inspection
of assembled drivetrain components such as gearboxes plays a critical
role in ensuring system reliability and operational performance. This
paper presents a study on the development of a real-time computer-
vision-based system for detecting assembly defects in gearbox housings
and gear sets. The system consists of an image acquisition module using
an industrial camera and a deep learning model (YOLOVS8) capable of
identifying defects such as missing gears, incorrect orientation, shaft
misalignment, and the absence of auxiliary components. Experimental
results demonstrate a defect-detection accuracy exceeding 95 percent,
with an average processing time below 200 milliseconds, meeting the
requirements for online inspection in production lines. This research
contributes to enhanced automation, reduced reliance on manual
inspection, and expands the potential applications of Al in quality
control within the mechanical manufacturing industry.
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Nghién ctru xay dung hé thong kiém tra 16i Iap rap cum truyén dong bang thi giac may

tinh thoi gian thuc
BUi Quang Toan
Khoa Co khi, Tring Dai hoc Cong nghé Bong A

THONG TIN BAI BAO

TOMTAT

Tirkhoa:

hop giam téc, 16i 13p
rap, thi giac mdy tinh,
th&i gian thyc

Trong b8i canh san xuat co khi hién dai, viéc kiém tra chat lwgng |13p rap cac
cum truyén doéng nhu hop giam téc déng vai trd then chét nham dam bao d6
tin cdy va hiéu suat hoat dong cta hé théng. Bai bdo nay trinh bay nghién clru
xay dwng mot hé thdng phat hién 16i 13p rdp dua trén cong nghé thi gidc may
tinh thoi gian thue, ng dung trong cum vé hdp gidm tdc va banh rang. Hé
théng bao gdbm module thu nhan hinh anh tir camera céng nghiép, mé hinh
hoc sau (YOLOv8) dé phat hién cac 16i nhu thiéu banh réng, 13p sai chiéu, léch
truc, hodc thiéu chi tiét phu trg. K&t qua thir nghiém cho thay dé chinh xac
phat hién 16i dat trén 95% vai thoi gian x{ ly trung binh duwdi 200ms, dép ¢ng
yéu cau kiém tra truc tuyén trong day chuyén san xuat. Nghién cru nay gép
phan nang cao tu déng hda, giam phu thudc vao kiém tra thi cdng, va mé ra

huwdng rng dung Al trong kiém sodt chat lwvong nganh co khi ché tao may.

1. DAT VAN DE
Trong cac hé théng truyén dong co khi, dac
biét [a cum hop gidm tbc, chat lwgng 1ap rap déng
vai trd then chét trong viéc ddm bao dé chinh xac
va do bén cua thiét bj. Tuy nhién, hién nay, viéc
kiém tra 16i 13p rap van chl yéu dya vao con
nguwdi hodc cac cdm bién truyén théng, vén kho
phét hién duwoc cac 16i hinh hoc phirc tap nhu sai
vi tri banh rang, thi€u chi tiét, hodc I3p sai chiéu.
Trong béi canh chuyén ddi s va san xuat
théng minh, nhu cdu vé mét hé théng kiém tra tu
dodng, nhanh chéng va chinh xdc dang tré nén cap
thiét. Mac du thi gidc mdy tinh va hoc sau d3
duoc irng dung trong mot s6 Iinh vire san xuét,
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viéc ap dung cong nghé nay dé kiém tra 16i 1ap
rdp cu thé cho cum truyén déng — vdi yéu cau
thoi gian thue va kha nang tich hgp day chuyén —
van con han ché.

Bai bdo nay dé xuit mot hudng tiép can
mdi: xay dung hé thdng phat hién 16i [3p rap cum
truyén dong bang thj gidc may tinh thoi gian
thuc, st dung mé hinh hoc siu hién dai. Nghién
ctru khéng chi mang lai gidi phap thay thé kiém
tra th céng ma con hudng dén nang cao ty déng
héa, gidam sai sét va tang chat lvgng san pham
trong nganh co khi ché tao may.
2. GIAI QUYET VAN bE
2.1. Muc tiéu va phwong phap nghién ciru
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2.1.1. Muc tiéu

Nghién cru nay nham xay dwng mot hé thong
kiém tra 16i [3p rap cum truyén déng co khi, cu
thé 1a hdp giam tdc va banh rang, st dung cdng
nghé thj gidc may tinh thoi gian thuc két hop vai
hoc sdu [7]. Cac muc tiéu cu thé bao gom:

- Thiét k& hé théng thu nhan va x& ly hinh anh
tir cum 13p rap trong moi trwong sdn xuat thuc
té.

- Phét trién mo hinh nhan dang 16i 13p rap dua
trén mang no-ron tich chap (CNN), c6é kha nang
phat hién cac 16i nhu: thi€u banh ring, sai chiéu
lap, 1&ch truc hodc thiéu chi tiét phu tro.

- Danh gid hiéu qua hé théng qua céc chi so:
dd chinh xac phat hién 16i, thoi gian x{r ly, va kha
nang tich hop vao quy trinh san xuét.

2.1.2. Phwo'ng phdp nghién cuu

Nghién ciru duwoc thyc hién qua cac budéc
chinh sau:
* Bwdrce 1. Thu thép va xu ly dit liéu

- Tién hanh 13p rap cum hdp gidm téc vdi ca
trwong hop dung (OK) va 16i (NG), bao gdm céc
dang 16i phd bién nhu thiéu banh rang, [&ch truc,
|ap sai chiéu.

- S&r dung camera cong nghiép ghilai hinh anh
@ cac goc do khac nhau.

- Gan nhan dit liéu bang cong cu Labellmg
ho3c Roboflow dé tao bo dit liéu huan luyén.

* Buwdc 2. Xdy dung mé hinh hoc sGu

- Si dung mo hinh YOLOvS hodc EfficientDet
dé phat hién va phan loai 16i trong anh. [1]

- Huan luyén mé hinh véi dit liéu d3 gadn nhan,
t&i wu hda thong sd dé dat d6 chinh xac cao.

* Burde 3. Thiét ké hé théng kiém tra 16i thoi gian
thue

- Tich hgp mé hinh d3 huan luyén vao hé
théng x& ly anh thoi gian thuec.

- Xay dyng giao dién kiém tra, cdnh bao 16i va
ghi log két qua.

* Bwdrc 4. Bdnh gid va hiéu chinh

- Th& nghiém hé théng véi dit liéu mdi trén

mé hinh 13p rép thyc té.
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- Banh gid d6 chinh xac (precision, recall),
thoi gian phan hoi, va dé én dinh.
- So sanh v&i phuong phap kiém tra tha cong
dé xac dinh mdrc d6 cai tién.
2.2. Xay dwng hé théng

»IE@»@—»@

Cum Iap rap Xirly M6 hinh Kiém tra
\ J anh hoc sau [Gi
Hinh 1. Mb hinh hé théng kiém tra |6i
Phén tich hé théng

* Cum IGp rdp

- L3 ddi twong dau vao cta hé théng (vi du:
cum hdp gidm téc gdbm béanh ring, truc, 6 bi...)

- Pay 13 noi c6 thé xay ra céc 16i nhu: thiéu
banh rang, 13p sai vi tri, 13p l&ch truc, thiéu
bulong...

* X ly anh (Camera céng nghiép)

- Camera thu nhan hinh dnh ctia cum |3p rap.

- C6 thé str dung camera cdng nghiép (Basler,
Hikvision...) d& dam bdo dd phan giai cao, chup
dwoc cac chi tiét nhé.

- Anh s& duoc gl dén bo xUr ly dé tiép tuc
phan tich.

* M6 hinh hoc séu (Deep Learning)

- Anh sau x@ Iy duoc dwa vao md hinh hoc
sadu (nhuw YOLOvS, EfficientDet, hoac CNN tuy
bién).

- Nhiém vu ca mé hinh:

+ Nhan dién vj tri cac chi tiét I3p rap.
+ S0 sanh vé&i mau chuan dé phat hién 16i
nhu sai chiéu, thi€u chi tiét, hdng héc...

- Day la trung tdm x& ly théng minh cda hé
théng.

* Kiém tra 16i (Cdnh bdo sai léch)

- N&u mé hinh phat hién 16i, hé théng s& gui
canh bao.

- Cé thé tich hop vai:

+ Pén bdo/am thanh canh bao.
+ Giao tiép vdi PLC dé loai bd san pham 16i
khoi day chuyén.



+ Ghi log 16i dé truy xuat vé sau.

Trong hé théng kiém tra 16i |3p rap bang thi
gidc may tinh thoi gian thuc, moéi bd phan dam
nhiém mot vai tro rd rang va lién két chat ché.
Cum |3p rap 13 d6i tuwgng can kiém tra, noi cé thé
xuat hién cac 16i nhu thiéu chi tiét, 13p sai vi tri.
Camera cdng nghiép thu nhan hinh anh dau vao
v@i do chinh xac cao, lam co s& cho qua trinh x&
ly. M6 hinh hoc sdu phéan tich anh va nhan dién
16i 13p rép dua trén dit liéu da huan luyén. Cudi
cung, hé théng kiém tra 16i ti€p nhan két qua va
dua ra phan héi nhu canh bdo hoic loai bd san
pham 16i. Su phéi hop gilta cac bd phan giup hé
théng van hanh chinh xac, 6n dinh va phu hop
v@i san xuat thuc té.

2.3. Quy trinh van hanh tdng thé cia mé hinh:

f )
THU THAP
HINH ANH
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Hinh 2. Quy trinh van hanh téng thé cda hé

théng

- Thu thap hinh dnh: Giai doan d4u tién trong
hé théng, sir dung camera cong nghiép dé chup
anh cum |13p rap duwdi nhiéu géc nhin va diéu kién
anh sang khac nhau. Nham tao di¥ liéu dau vao
cho toan b6 qua trinh kiém tra.

- Tién x& ly: Giai doan lam sach, can chinh anh
dé chudn hoéa dau vao cho mé hinh nhan dang.
C6 thé bao gdm céc budc nhu cdt anh, tang sang,
kher nhiéu... Nhdm ddm bao mé hinh xt¢ ly dit liéu
nhat quan va hiéu qud hon.

- Phat hién 16i 13p rap: Giai doan quan trong
nhat — s&r dung mo hinh hoc sdu dé ty dong phat
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hién cac 16i nhu thi€u banh ring, léch truc, sai

chiéu, mé rang... Gilp hé théng phan loai san
phdam OK/NG mét cadch chinh xdc va nhanh
chong.

- Phan tich 13p rap: Giai doan phan tich két qua
va xr ly hau kiém. Cé thé duwa ra canh bao, luu
trlr log hodc gli tin hiéu diéu khién cho day
chuy@n san xuat. Nham dam bdo truy xuat ngudn
16i va t8i wu hda quy trinh san xuat.

2.3.1. Uu diém caa mé hinh

- Ty ddng hda quy trinh kiém tra: Hé théng
giup loai bd sy phu thudc vao con nguoi, tang
tinh nhat quén va gidm sai sot trong qua trinh
kiém tra 13p rap. [6]

- Kha nang phat hién 16i phirc tap: M6 hinh
hoc sau cé thé nhan dién céc 16i hinh hoc tinh vi
ma cac phuong phdp cdm bién truyén théng
khong phat hién duoc.

- Phan hoi thoi gian thye: V@i téec dé x(r ly cao,
hé théng cé thé kiém tra lién tuc va duva ra canh
bdo ngay trong qua trinh san xuat.

- Khd ndng mé& réng va diéu chinh: Hé théng
c6 thé mé rong dé kiém tra nhiéu loai cum Idp
rap khac nhau chi bang cach huan luyén lai dir
liéu anh. [8]

2.3.2. Nhwgre diém ctia mé hinh

- Phu thudc vao chat lugng dit liéu dau vao:
Dt liéu hinh anh khéng dd ré nét hodc gan nhan
sai s& anh hudng truc ti€p dén dé chinh xac cla
mo hinh.

- Chi phi thiét 1ap ban dau: Viéc dau tu
camera cong nghiép, GPU x& ly va dao tao md
hinh doi héi chi phi va nhan luc kj thuat ban dau
tuwong doi lén.

- Yéu cau k§ ndng chuyén mdn cao: Qua trinh
tien x& ly, huan luyén mé hinh va trién khai hé
théng doi hdi ki€n thirc chuyén sdu vé Al, thi gidc
may va ky thuat co khi.

- Can hiéu chinh lién tuc trong méi truong
thuc té: Khi diéu kién dnh séng, vi tri camera hoac
chi tiét sdn pham thay ddi, hé théng cé thé can
hiéu chinh lai dé duy tri hiéu suat.



2.4. M0 hinh thuc nghiém va di¥ liéu danh gia

* Hé théng kiém tra 16i 13p rap duoc trién khai
th& nghiém trén mé hinh cum truyén déng co
khi, cu thé |a hdp gidm téc kiéu don gian, thuong
dugc st dung trong co ciu truyén déng céng
nghiép nhe va may méc ty dong héa. Cum 13p rap
bao gdm cdc chi tiét co khi dién hinh nhu:

- 4 banh rang tru thang (2 banh chi déng — 2
banh bi dong),

- 2 truc chinh (truc vao va truc ra),

-2 6 1an (bac dan) dé c6 dinh va gidam ma sat
quay,

- Hé thdéng bulong va dai 6c bat cd dinh nap
hop va gbi da.

Mé hinh nay duoc chon vi cé két cidu twong
d6i phé bién, dé thao 13p, ddng thoi cho phép tao
ra nhiéu dang 16i dién hinh trong qua trinh lap
rap, tir d6 gilp danh gia hiéu qua nhan dang 16i
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Hinh 3. M6 hinh két qua md phdng thi nghiém

2.4.1. Hiéu qud phdt hién 16i theo tirng logi
Mbi loai 16i déu dwoc chup trong nhiéu
diéu kién anh sang khac nhau va tlr cac goc do
khac nhau (truc dién, nghiéng 45°, tlr trén xudng)
[3], nham dam bao dit liéu huan luyén phong ph
va tang kha nang khai quat cia mo hinh. [4,7]
Bding 1. L6i |3p rap va két qua xtr ly

cla hé théng mét cich rd

o i Loai 18i 13p Mb ta 11 S6 anh | Phat hién | Do chinh
rang va thuc te. rap 16i dang xac (%)
* Tap dit liéu kiém tra: , Loai bd mét banh
s i Thiéubdnh | i "
Qua trinh thyc nghiém duwoc ring rang trong hé truyén 100 98 98.0
ti€n hanh bang cach chup , dong
anh cum l3p rdp & nhiéu La& ,Sa' O:uay ”g“_rf-’c bimh
hai v e6c d6 kha chiéu banh | rang  khién rang 80 74 92.5
trang thai va goc do khac | g0 khong &n khép ding
nhau, thu thap dwoc 1.000 | |&ch truc — L j
anh mau dé huan luyén va | sai vj tri & '[ruvc bg.nvghleAng h?ac 80 71 88.7
. o . N 6 lan bi lap léch tam
ki€m tra hé thong, cu thé: do
-600 anh mau dung (OK): | Thiéu Mot hoac, nhieu
Cac cum I8p rdp dung ki | bulong/vod bulong  c6 dinh 80 69 86.2
U\ P p, ung xv ne khéng duogc siét '
thuat, ddy du chitiét, dangvi | ngdém | . L s
tri va dung chiéu quay cla ME  ran Banh réng cd vét nirt
banh rang. , . g hoac gdy nhe & ria 60 56 93.3
o banhrang |
- 400 anh mau 16i (NG): rang
. G L e Tong cong
Caccum lap rap bico tinh tao j
accumiaprap BICO NN ) (trung 400 368 92.0
[0i, chia thanh 5 loai |0i pho binh)

bién thudng gap trong thuc
té€ san xuat:

Viéc xay dwng tap dit lieu bao gdbm ca mau
dung va sai dwoc phan bd hop ly gidp dam bao
d6 can bang khi huan luyén mé hinh [5]. Viéc lya
chon 5 loai 16i phé bién phan anh tét cac tinh
hudng thuc té trong san xuat, tao diéu kién kiém
chirng hiéu qua cla hé thong phat hién 16i mot



cach toan dién, tir 16i hinh hoc rd rang dén 16i nho
khé nhan dién bang mat thwong. Nhin chung, mo
hinh hoat déng 6n dinh va phan loai 16i tot theo
tirng nhém.
2.4.2. Thoi gian xt ly va hiéu suét
Bdng 2. Thoi gian xt ly va hiéu suat

Gia tri do

duorc

Thoi gian x& ly trung| 185 ms (0.185
binh/anh giay)

Théng sd déanh gia

FPS (s6 anh xtr ly/giay) ~5.4 fps
bo c'h'mh xac trung binh 93.1%
(Precision)

Ty |é phat hién dung (Recall) 91.0%
F1-score téng hop 92.0%
Ty |&é canh bdo sai (False 4%

Positive Rate)

Hé thong dat thoi gian x&r ly trung binh
khoang 185 ms/anh (twong duong ~5.4
anh/gidy), dap ng yéu cau kiém tra thoi gian

thuwe. Hiéu suat cé thé ting dang ké khi sir dung
GPU manh, cho phép trién khai hiéu qua trén day
chuyén san xuét tu dong.
Bdng 3. Danh gia céc tiéu chi so sanh giira 2
phuong phap
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Phuong phip truyén thang

Mirc dé hiéu qua (0-10)
o e e e
.
-
>
>
.
-

Hinh 4. So sénh cac tiéu chi cia mé hinh dé xuat
va truyén thong

Bi€u d6 cho thady mé hinh dé xuat vuot troi
rd rét so véi phuong phép truyén théng vé do
chinh xac, tinh nhat quan, thoi gian kiém tra, kha
nang phat hién 16i phirc tap va kha nang mé rong.
Nguoc lai, phuong phép truyén théng chi vuot
tréi & tiéu chi yéu cau nhan lyc thap hon vé chi
phi dau tw ban dau.
3. KET LUAN

Nghién clru da xay dung thanh céng hé
théng kiém tra 16i 1ap rdp cum truyén dong co khi
bang thi gidc may tinh va mé hinh hoc sau. Hé
théng cho két qua kha quan véi do chinh xac trén
92%, thoi gian xt ly trung binh dudi 200ms, dap

TT Tiéu chi

Phuong phap truyén théng

M4 hinh hé thdng dé xuat

1 | Cach thirc kiém tra

Thd céng bang mat nguoi hodc
cam bién vat ly co ban

Ty déng qua hinh anh va phan tich
bang mé hinh hoc sau

Do chinh xac phat
hién 16i

Trung binh (80-90%), phu thudc
vao tay nghé ngudi kiém tra

Cao (trén 92-95%), 6n dinh nh&
huén luyén md hinh

3 | Tinh nh3t quan

Khong 8n dinh, dé sai léch giita
cac ca/kip

On dinh va déng déu gitra cac 16 san
pham

4 | Thoigian kiém tra

10-20 gidy/san phadm (hoac hon,
tuy d6 phurc tap)

<1 gidy/san pham (thoi gian thuc)

Phat hién 16i phirc
tap

Khé phat hién cac 16i nhd, hinh
hoc tinh vi

Nhan dién dugc ca 16i hinh hoc va vi
tri 13p sai

6 | Yéu cau nhan lyc

Can ngudi kiém tra lién tuc

Gidm manh, chi cdn van hanh va
giam sat hé théng

7 | Kha ndng m& rong

Khé mé rong, phu thudc nhiéu
vao dao tao con nguoi

D& mé& rong qua cap nhat md hinh
hodc thém di¥ liéu huan luyén

Chi phi dau tu ban

Thap — chi can nhan cong va thiét

Cao hon — can camera, may tinh, mé

dau bi don gian hinh Al
9 Chi phi duy tri lau | Cao (do t8n nhan luc, 16i phat | Thap (it 16i, it nhan sw, van hanh én
dai sinh nhiéu) dinh)




&ng yéu cau kiém tra thoi gian thuc trong san
Xuat.

Hé thong dic biét hiéu qua véi cac 16i nhw
thi€u banh réng, sai chiéu l13p va mé réng. DU van
con han ché trong diéu kién dnh sang khéng én
dinh va 16i nho, hé théng cé thé ti€p tuc hoan
thién bang cach mé rong dit liéu huan luyén va
t&i wu mé hinh.

K&t qua nghién ctru cho thay tiém nang &ng
dung thyc té cao trong ty ddng hda kiém tra chat
lwgng san pham co khi.
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