NGHIEN CUU - TRAO DOI

(PNG DUNG THUAT TOAN YOLO KET HOP PHWONG PHAP
NHAN DANG HINH ANH TRONG VIEC KIEM TRA LINH KIEN
DPIEN TU TREN BANG MACH IN

APPLICATION OF YOLO ALGORITHM AND IMAGE RECOGNITION
TECHNIQUES FOR ELECTRONIC COMPONENT INSPECTION ON PRINTED
CIRCUIT BOARDS

Lé Ha An, Nguyén Hong Linh, Quach Hung, Pham Xuin My
Khoa Co khi— O t6 va Xay dung, Truong Pai hoc PBién Luc
Email: hungg@epu.edu.vn

TOM TAT

Bai bao nay trinh bay viéc thiét ké va ché tao thiét bi kiém tra mach Buck tw dong dwa trén
cong nghé thi gidc may tinh, sir dung camera va thudt todan YOLO két hop véi phwong phdp cdn
chinh anh SIFT va doi sanh mau nham nhdn dién va phat hién cdc 16i thiéu hodc sai léch linh kién
trén bo mach in (PCB), thay thé phirong phdp kiém tra thi cong. Hé thong cho phép phan logi sdn
pham theo thoi gian thue (OK/NG) véi thoi gian xir 1y tir 200-500 ms cho méi bo mach, ddp vmg
Yéu cau vdn hanh trong thye té. Gidi phdp dé xudt gép phan ndng cao do chinh xdc, tinh nhat qudn

trong kiém tra va giam sw phu thuéc vao nhéan céng.
Tiwr khoa: Mach Buck; Kiém tra PCB; T hi gidc may tinh; YOLO.
ABSTRACT

This paper presents the design and development of an automated Buck converter inspection
system based on computer vision technology, utilizing a camera and the YOLO algorithm combined
with SIFT-based image alignment and template matching to detect missing or misaligned components
on printed circuit boards (PCBs), replacing manual inspection methods. The system enables real-
time classification of products (OK/NG) with a processing time of 200-500 ms per board, meeting
practical operational requirements. The proposed solution improves inspection accuracy and

consistency while reducing dependence on human labor.
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1. PAT VAN PE

Viéc ap dung tu dong hoa trong kiém
tra bang mach in (PCB) dong vai tro quan trong
trong viéc nang cao nang suit va dam bao chat
luong san pham. Tuy nhién, cac hé théng kiém
tra quang hoc ty dong (AOI) hién nay cé chi
phi cao va yéu cau van hanh phuc tap, gay kho
khan cho viéc trién khai & quy mo nhd hodc
trong nghién ctru — thir nghiém.

Trong thuc té, cac mach nguén su dung
IC LM2596 thuong duoc kiém tra thi cong, dé
xay ra sai sot do yéu t6 chu quan va diéu kién
thu nhan anh khong on dinh. Vi sy phat trién
cua thi gidc may tinh, cdc mo6 hinh nhu YOLO
[1] cung thu vién OpenCV [2, 5] va cac cong
cu ho tro nhu Roboflow [3], Google Colab [4]
d3 mo ra kha nang xay dung hé thong kiém tra
tu dong voi chi phi thap.

Do d6, nghién ctru nay dé xuét hé thong
kiém tra PCB ty dong dya trén YOLO [1] két
hop can chinh anh va dbi sanh mau, nham phat
hién 16i nhanh, chinh x4c va giam phu thudc
vao nhan cong.

2. PHUONG PHAP NGHIEN CUU
2.1. Quy trinh hoat ddng ciia hé théng

Quy trinh kiém tra duoc van hanh theo
cac budc sau:

Thu nhén va
diéu khién

Phén loai va
hién thi

Y

Xir ly va nhén dién —»

Hinh 1. Cdc bude ciia quy trinh kiém tra

- Bu6c 1 — Thu nhan va Diéu khién:
PCB chay trén bang tai; khi Cam bién 1 phat
hién mach, Arduino dung bang tai va gui tin
hi¢u kich hoat cho Python.

- Budc 2 — Xtr Iy va Nhan dién: Camera
chup anh; Python ding mé hinh YOLOvS dé
phat hién linh kién va ddi sanh voi template
mau (Profile “OK”).

Két luan OK: Pu linh kién, dung vi tri.
Két luan NG: Thiéu hoac sai léch linh
kién.

Budc 3 — Phan loai va Hién thi: Arduino
diéu khién bang tai chay tiép; néu NG, Servo
tai Cam bién 2 s& gat mach 16i. Déng thoi, két
qua va anh nhan dién dugc cap nhat thoi gian
thuc 1én giao dién Flutter.

Bdng 1. Théng so kj thudt ciia thiét bi

STT | Tén thongsb NV GiA tri
nguyén

: S linh kién - ‘
nhan dién

2 1?(.)0 do bang mm/s 15
ta1

3 | Kichthuge mm 640x99
bang tai

g | Kich thude mm | 680x142x122
tong thé

5 Camera — Sony IMX503
Tbc d6 khung

6 hinh fps 25-30
Thoi gian xur

7 19/1 dnh ms 200 - 500

] Giao dién hién B Flutter
thi Desktop

g | Neuoncapht |y, 12-3
thong

2.2. Thiét ké cac bd phin co ciu chip hanh

Khdi van chuyén va Dinh vi: Bang tai
két hop g do gitp di chuyén va c6 dinh PCB
on dinh tai vung kiém tra.
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Khéi kich hoat (Trigger): Cam bién
quang xac dinh vi tri PCB dé kich hoat 1énh
chup anh ty dong.

Khdi thu nhan hinh anh: Camera do
phén gidi cao, ddm bdo anh chup rd nét, chong
nhiéu sang va phan quang.

Khéi xir Iy va Phéan loai (Trong tdm):
May tinh chay m6 hinh YOLOvVS va thuat toan
Template Matching dé nhan dién linh kién va
két luan OK/NG.

Khéi chap hanh: Co cdu Servo/tay gat
thuc hién phan loai san phim vao nhanh dat
hoic 16i.

Khéi giao dién va Luu trit: Hién thi két
qua thoi gian thyc va luu trit ho so (log/anh)
phuc vu thong ké, truy xuat.

Hinh 2. M6 hinh 3D cua thiét bi

2.3. Quy trinh lip rap thiét bi

(61] z @ (63}
= >

Hinh 3. Quy trinh ldp rdp thiét bi trén phan mém

Sau khi hoan thanh timg chi tiét, nhom
lap rép trong moi trudng Assembly va st dung
Mate dé c6 dinh quan hé hinh hoc. Két qua lap
rap giup:

- Phat hién va loai bo cac diém va cham
co khi.

- Kiém tra tinh hop 1y vé kich thudc va
bo tri cum.

- Panh gi4 kha nang lap rap, thao lap va
bao tri.

2.4. Luwu d6 thuit toan diéu khién hé thong

Bang tai chay

i e Camez =

B
| Arduino guri tin higu "BOARD_AT_CAMERA" |
¥

[ Backend Python nhan tin higu |

| Dirng bang tai 1 giay, camera chup anh PCB |

o~V s

Béng tai chay Cam bién reject
Dém +1 Ddng Sevov gat, DEm +1 Sai

\1 Flutter hién thi két qué }/

]
Hinh 4. Luwu d6 thudt todn diéu khién hé thong

Muc ti€u va pham vi chuong trinh:

- Khéi tao: Thiét 1ap két ndi Serial
(Arduino - Python), camera va nap mé hinh
YOLOVS.

- Cho tin hi¢u: Bang tai chay. Arduino
kiém tra Cam bién 1.

- Kich hoat (Trigger): Néu phat hién
PCB, Arduino dung bang tai va gui tin hiéu
“Chup anh” sang Python.
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- Xu ly Al (Python): Chup anh va can
chinh; Chay YOLOVS8 nhan di¢n linh kién; béi
sanh v&i Template Profile (Mau OK).

- Phan loai:

+ Néu Pu (OK): Gui 1énh cho Arduino
tiép tuc chay bang tai + dém san phadm OK.

+ Néu Thiéu (NG): Gui lénh cho
Arduino chay dén vi tri Cam bién 2, kich hoat
Servo gat mach 161 + dém san pham NG.

- Hién thi: Cap nhat anh c6 Bounding
Box va trang thai Ién giao di¢n Flutter.

- Lap lai: Quay vé budc chd tin hi¢u
cho san pham ti€p theo.

2.5. Can chinh va thu thap hinh dnh bo mach
(PCB)

Bai toan sai 1éch hinh hoc trong anh
PCB:

Hinh 5. Bo mach bi léch vi tri

Khi chyp PCB trong thuc té, bo mach
c6 thé bi léch vi tri, xoay nhe hodc thay doi
khoang cach so vdi camera. Céc sai léch nay
lam cho vi tri linh kién trong anh khong trung
nhau gitra cac lan chup, gay kho khan cho viéc
so sanh véi mau chuan.

Vi vay, can chinh éanh (alignment/
registration) 1a budc dua anh ki€ém tra vé cung

hé toa do véi anh chuan (reference). Khi do cac
linh kién s€ nam "ding cho" va thuat toan kiém
tra thiéu linh kién s€ chinh xac hon.

2.5.1. Thu thdp danh PCB goc va nguyén tic
chup danh phuc vu training

Seofewy 0 S8Tasy  fdeny 6lew

Hinh 6. Thu thdp anh bo mach

Trudce khi tién hanh xir Iy anh trong hé
thdng, budc chuan bi dit liéu 1a rat quan trong.
Dit liéu tdt chat lugng la nén tang cho mgt mo
hinh hoc may hiéu qua.

2.5.2. Quy trinh Annotation bounding box
trén Roboflow

Hinh 7. Gén nhén cho tieng linh kién

Annotation 1a budc v€ bounding box
cho tung linh ki¢n trong anh va gan dang class
v6i quy trinh thye hién:

- M¢ anh, phong to cac vung co6 linh
kién nhd.
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- V& bbox bao tron linh kién, khong cit
mat phan quan trong.

- Chon class twong ung.

- Lap lai cho tat ca linh kién can nhan
dién.

2.5.3. Kiém tra chit lwong nhin va chudn héa
nhan

Hinh 8. Kiém tra lgi cdc anh di gan nhan

Trude khi xuét dataset, can kiém tra
chat lugng nhan theo céc ti€u chi:

- bung class: Linh kién thudc loai nao
thi nhan dang loai do.

- Pung vi tri: bbox bao quanh ding dbi
tuong, khong I¢ch sang linh kién khac.

- Tinh nhat quan: Cung mdt loai linh
kién thi cach v€ box tuong tu nhau.

Néu phat hién nhan sai, nén sira ngay
trén Roboflow. DPay la budc quan trong vi nhan
sai s& kéo chat lwong mo hinh xudng rat nhanh.
bac bi¢t trong PCB, chi can mot sd luong nho
nhan sai cling gy nham 14n gitra cac 16p giéng
nhau.

2.5.4. Pdnh gid két qud training

metricarmeal )

i las

Hinh 9. Biéu do mirc do sai so

Sau Training, Ultralytics tao ra nhiéu
bicu do:

- Results.png: Thé hién loss va metric
theo epoch.

- Confusion_matrix.png: Mtrc d6 nhdm
14n gitta cac 16p.
-PR_curve.png: BPudng cong Precision-

Recall.

- Labels.jpg hodc samples: Thong ké
kich thude bbox.

Biéu dd nay thé hién “loss” giam nghia
la m6 hinh hoc tot hon; “mAP” ting nghia la
mo hinh du doan tot hon.

TRUGNG BAI HOC BIEN LYTC
maxwres Khoa Co ki - O th v Xiy dung

Hinh 10. Giao dién hién thi
Giao dién duoc thiét ké theo tiéu chi:

- Pon gian, dé quan sat, vu tién thong
tin quan trong.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
278 TAP CHI CO KHI VIET NAM, S6 340, thang 4 nim 2026

cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

- C6 khu vuc trang thai thiét bi, canh
bao, va nut diéu khién co ban.

- Hién thi két qua theo thoi gian thuyc,
giup nguoi van hanh theo doi ngay.

2.6. M6 hinh thuc té

Khung bang tai, con lan, day dai, ray
dan hudng, co cau gat st dung servo dugc ché
tao va lap rap dung theo mo hinh thiét keé.

Hinh 11. Hinh dnh thiét bi trén thuc té

Phan dién — diéu khién: Mach ngudn,
cam bién, dong co bang tai, servo va vi diéu
khién dugc ddu ndi day du, dam bao thiét bi
hoat dong on dinh theo dtng trinh tu.

Phan mém: Chuong trinh xir Iy anh
nhan dién linh kién, két hop véi giao dién hién
thi/diéu khién gitp ngudi dung theo ddi trang
thai va két qua kiém tra truc quan.

3. KET LUAN

Nghién ciru da hoan thién mot hé thong
kiém tra PCB tu déng tich hop déng bo gilra
phan cimg va phan mém. Vé phan cung, mo
hinh bang tai két hop cam bién, co ciu servo
va hé thong camera dam bao kha ning thu nhan
va phan loai san pham 6n dinh. V& phan mém,

quy trinh xt Iy anh rng dung thuat todin YOLO
da nang cao do tin cay trong phat hién 16i linh
kién.

Két qua thuc nghiém cho thay hé thong
van hanh 6n dinh va c6 do tin cay cao, déng
thoi giam dang ké sy phu thudc vao thao tac thu
cong. Giai phap dé xuat c¢é tinh kha thi cao va
tlem ning Gmg dung trong cac diy chuyén san
xuit quy mo nho va trung binh. <

Ngay nhan bai: 24/3/2026
Ngay phan bi¢n: 09/4/2026
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