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PHAT HIEN LOI TREN LOI CUON DAY S DUNG MANG NEURON
NHAN TAO VA XU’ LY ANH

APPLYING IMAGE PROCESSING AND NEURAL NETWORK TO DETECT CORE
OF THE COIL

Nguyén Hitu Long
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Hién nay, kiém tra tw déng bang xir Iy anh ngay cang phdt trién va c6 nhiéu vmg dung réng
rdi trong nganh céng nghiép san xudt link kién dién tit, déc biét la trong thoi ky cdch mang céng
nghiép 4.0. Trong bai bdo nay, tdc gid dé xudt thudt todn phat hién 16i ciia cudn ddy (coil) tng dung
xit Iy anh va mang no-ron DNN Autoencoder. Cdc két qua thi nghiém dat dwoc trong nghién ciu
chi ra phwong phdp nay, dg chinh xdc ciia viéc phat hién 16i la khoang 99% va dg léch tam thap hon
5%.

Tir khéa: No-ron; Cudn day; Xir Iy anh; Loi.
ABSTRACT

At present, automatic inspection by image processing is increasingly developed and has
wide applications in the industry of manufacturing electronic components, especially in the era
of industrial revolution 4.0. In this paper, the author proposes a coil error detection algorithm for
image processing and neural network DNN Autoencoder applications. The experimental results
obtained in the study indicate that with this method, the accuracy of core detection is about 99%
and the eccentricity is less than 5%.

Keywords: Neuron, Coil; Image processing; Defect.

1. PAT VAN PE

Ngay nay, trong cac nha may san xut
linh kién dién tr, ty dong hoa do luong kiém tra
tu dong Gmg dung ngay cang tang [1-4]. Trong
thoi ky cach mang cong nghiép 4.0, tu dong
hoa kiém tra linh kién giup giai phong lao dong
va ting nang suat, giam chi phi san xuét. Trong
day chuyén san xuét 16i cuén day dong, mot hé
thong tw dong, bao gdbm: Bang tai cap linh kién,

cac xi lanh ddy hoat dong ddng bd véi nhau
thong qua cac bo diéu khién. Hé thong nay chay
khoang 3,5 gid mdi phién va cudn dy ¢ dau ra
s& duoc sap xép vao khay c6 nhidu hang 16 c6
hinh dang tuong tu nhu cudn day dé ¢ dinh
cudn day. Sau do, con ngudi sé& dung kinh hién
vi kiém tra tit ca cac cudn day dé phat hién san
pham dat (Good-G) hay khong dat (Not Good-
NG) bang mit thudng nhu chi ra trén Hinh 1.
V6i phuong phap nay, cong viée kiém tra phu
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thudc tay nghé, sirc khoe ciia nguoi cong nhan
va c6 thé bo st mot sé cudn 18i khi 1am di lam
lai trong thoi gian dai, nhan vién sé 1a nguoi
giam thi luc. Dé giai quyét van dé nay, bai bao
dé xuat giai phap xay dung hé thong kiém tra
tmg dung xr Iy anh, mang no-ron dé nang cao
chét luong kiém tra cudn 16i dién va phan loai
16i G/NG cua cudn day trong diy chuyén san
Xuét, tir 6 dwa ra cac két qua danh gia tu dong
do 181 cudn day, rut 161 va danh gia do I¢ch tam,
do sang, danh gia cac 16i co ban nhu dugc chi
ra trén Hinh 2.

a) b) ¢)
Hinh 1: Qud trinh kiém tra san pham thii cong:
a)Mau; b)Cong nhan kiém tra; c¢) Két qua thu
dwoc tir kinh hién vi.

Hinh 2. Léi cuén ddy: a) Khéng 16i; b) Léi bi 16i;
¢) Loi bi nut; d) Loi binh thuong.

Két qua thu dugc tir camera dua ra véi
phan anh nén (background) khong thay d6i khi

thu nhan anh nhung s& bi thay doi sau mot thoi
gian van hanh do hé lap dat Camera va chiéu
sang dang vom, dan dén hai 16i khong thang
hang va 151 bén phai thiéu sang va hoi sat vao
bién anh. Qua thu thap dir li¢u anh chuyp 156i c6
3 khuyét tat chinh: V& 15i; 16i bi xoay sai vi tri
va thiéu 15i.

2. THUAT TOAN PE XUAT

Trong bai bao nay, tac gia dé xuét thuat
toan xtr Iy anh phat hién cac khuyét tat chinh
clia san pham chi ra trén Hinh 3, bao gém 4
budec:

- Bude 1: Tién xir I anh.
- Bué6c 2: Phat hién thd bang mang trung 1p.
- Budc 3: Phat hién tinh.

- Budc 4: Danh gia lai két qua va luu dir lidu.

T BN S B0 Gl i
reuran

G gid dbu vas v o
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I

Hinh 3: So d6 thudt todan dé xudt

Trong d6, CMC: Ham kiém tra 15i thiéu
10i.

Nguyén ly: Mot tap anh twong dong
(5.000 anh), duyét anh can xét véi bo anh dé va
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tim trung binh binh phuong sai khéc.

CRC: Ham kiém tra 15i 15i bi xoay sai
Vi tri.

Nguyén ly: Dung phép bitwise not
cho anh trich xuét, tir do, duyét trén cac pixel
trong ving canh anh, néu c6 cuong do vuot qua
cudng do nén co thé danh gia 16i da b 1éch. Sb
lugng pixel s tuong tmg va4i do 1éch.

T so dd trén Hinh 3, chu trinh trich
xuat anh thyc hién qua céc budc tién xir 1y duoc
mo ta trén Hinh 4.

W chir nhat tho tirng
167 vt chudn trgc 4
goc sao choe tam 160
Lring wiri Lim vién

l

Thay ddi kich thurére

anh thanh 100x100

v cdn bdng hiéu da
warm

S odung mask lam nen

Chuyén doianh
sang 2 dang:
Grayscale & BGR

Tim mot vi trico va d wong tron méu

dinh trén hinh ting o tém woi bin kinh
J h‘ hiét 14 S turong tu nhulaide trichy
anh, thiet lap mau xust thang tin l5i

Tir toa do el .
pa te tua Chuan hoa anh

trong pham vi (0,
255)

miau, trich xuat
toa do trong Loi
cua loi

Hinh 4. Tién xir Iy anh dau vao
Trong do:

+ Budc 1: Chuyén va luu anh dau vao
trén cac bien (dang ma tran) voi thong tin anh
mau (BGR) va anh xam.

+ Budc 2: Tim phan cb dinh anh dau
vao. Muc dich 14 tir phan ¢ dinh do, ta sir dung
lam mau dé truy xut ra cac cudc coil chuyén
dong trén bang truyén lién tuc.

+ Budc 3: Thuc hién dong khung cuén

coil dd nhan dién dugc & trén. Cit thong tin cudc
coil ra v&i dang hinh vudng. Sau do resize anh
vé kich thudc dap tng dau vao mang Neuron
(100x100) nhu chi ra trén Hinh 5.

0 20 40 &0 80

Hinh 5. Resize anh vé kich thudc ddp iing dau vao
mang No-ron (100x100)

+ Budc 4: Tao mot mit na anh dé loai
b6 di cac thong tin khong can thiét va thu dugc
phan 161 can xur 1y. Tir d6, dua ra cac thong tin
can xu 1y trén 161 bao gém: Kiém tra sy ton tai
161 trén khung han, 161 ¢6 bi nut, v, 161 c6 bi
xoay léch. Két qua sau tién xur Iy anh dau vao
chi ra trén Hinh 6.

._

Wiang it i Meh
oy cim ol
Arih qaa tibn i
B vk trich st

Anh ding thm
Lol nguytn b hude
Byt pagng Fueon

Hinh 6. Két qua sau tién xir Iy anh dau vao

Tiép theo st dung mang DNN/
Autoencoder [5] dé nhan dién 18i cac cudn
(coil). Vi, do co6 rat nhi€u anh dat chat lugng

trong khi anh san pham 13i lai it, khong thé du &
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dir liéu dao tao cho cac mang nhén tao khéc. St
dung mang Autoencoder: V6i nguyén ly anh
dau vao va dao tao tim cac bd tham sd (W, B)
dé tao ra anh dau ra 1a chinh né. Anh dau ra sé
dan tién dén giéng v6i anh dau vao va co do sai
khéc 1a alpha(ngudng). Tur d6, khi c6 mot anh
ky di (4nh chira san pham 151) thi du ra s& cho
mét chi sd vuot ngudng so voi cac anh dat chét
luong da dao tao. D0 sai khac alpha cu thé 1a su
so sanh gitra hai ma tran anh dau ra va anh dau
vao bang cong thirc ham sai s6 binh phuong
trung binh:

T 2

- 152 1-7)

i=1

(1)

Thong tin anh dau vao huan luyén mang
1a tap hop cac anh dung, dat yéu cau vé chat
lugng. Khi do, néu c6 anh dau vao sai, khong
dat chét luong yéu cau sé cho sai léch dau ra
16n, tir d6, nhan dién ra va loai cudn (coil) 16i.
M0 ta ciia mang:

100 x 100
Output image

100 x 100
Input image

Hinh 7. DNN Autoencoder [5]

DNN Autoencoder dugc chi ra trén
Hinh 7. Két hop cua hé théng tu dong va dir
lidu tir cam bién, ty 1¢ 16i 16i trén 1.000 16i thu
duogc 13 1% dén 3%. Két qua thu duoc nhiéu dir
liéu hinh anh c6t 15i t6t va dit liéu khong tot. Vi
vay, st dung mang ma hoa ty dong dé dao tao
Vi tat ca dir liéu tot va sy khac biét giita hinh
anh dau vao va du ra danh gia bang ham sai s6
binh phuong trung binh dugc dit lam ngudng
1(Thresholdl). Cac bude so ngudng dugc chi
ra trén Hinh 8.

Anhdiu * Ngwidng 1
Thilp
Tin xi? livé gidl nén Bikpe:
théng tin ¢t 15 tir anh Kilém tra 13 con thifly
Khéng
tét
Bjloc 1 " ¥
DNN Autoenccoder i
Bilgc3: - Npfimg 3
Kiém tra i xoay 130
Thip
Tat
Hinh 8. So sanh nguong
Histogram vistogram
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Hinh 9. Biéu do Histogram
3. KET QUA

Khéo sat dir li¢u trén 10.000 anh, qua
dé ngudng phan bi¢t khoang 0.003, véi nhan
dién anh dung cua tap Test 95%, nhan di¢n anh
16i cua tap Test 93%. Chon ngudng Threshold1:
0.015, day 12 bo loc dau tién. Néu mot hinh anh
nhan duogc su khac biét 16n hon Threshold1
d6 1a 18i khong tot va néu khong hinh anh s&
chuyén sang bo loc tiép theo. Sau qua trinh
chup anh va kiém tra lai két qua phan cbt 15i c6
ba loai 16i chinh: thiéu 13i(1); hong 15i (2); 16i
16i xoay (3) chi ra trén Hinh 10.
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(1) (2) (3)
Hinh 10. Hinh anh céc logi 16i chinh

Két qua thu dugc sy khac biét gita hinh
anh dau vao ((1), (3)) va hinh anh déu ra thap
hon 0,02 v6i loai (2) 16n hon 0,03. Hau nhu hinh
anh dau vao (1) va (3) thap hon Thresholdl, vi
vdy, can phai tao thém hai b loc dé phat hién
16i.

Kiém tra 15i bi thiéu:

Chuan bi mét bo (CMC) khoang 5.000
hinh anh véi mot s dnh ma tat ca déu thiéu
hinh anh c6t 16i. Néu chiing ta can kiém tra 15i
bi thiéu ctia mot hinh anh, hinh anh dau vao s&
duogc so sanh véi tung hinh anh trong bd CMC,
chung ta lay tit ca cac khoang cach Euclide
duogc chi ra trén Hinh 11 va sau d6 4p dung
cong thuec MSE dé danh gia sy giéng nhau. Néu
hinh anh c6 do twong tu thdp hon Threshold2,
16i khong tbt va cao hon s& dugc chuyén sang
b loc tiép theo.

/ \ Thujit todn K- / A m\\
Mearest Neighbors ‘-f' Khodng chch |

-.m (Euclidean \ g che
\ distance) \ /

Hinh 11. Khoang cdch Euclidean

Kiém tra 15i 15i xoay:

Hinh 12. Két qua kiém tra 16i 16i xoay

Kiém tra ving mau vang cua timg 13i.
Néu sé luong pixel (tring) 16n hon nguong
(Threshold3), d6 1a 15i khong tt véi 18i 16i
xoay nhu chi ra trén Hinh 12.

4. KET LUAN

V6i thuat toan dé xuat, d¢ chinh x4c cta
viéc phat hién 161 1a khoang 99% va d6 1éch
tam thap hon 5%. Thir nghiém 10.000 hinh anh
x40 tron hinh anh G va NG va d¢ chinh xac
ctia phat hién 16i G/NG 1a hon 98%. Cu thé do
chinh xac phat hién 161 G: 99,97%; d0 chinh
xac phat hién 161 bi hong: 97%; dd chinh xac
phat hi¢n thiéu 16i: 99%; d6 chinh xéc phat hién
16i quay: 95%. Trong twong lai, hé thong dugc
kiém tra danh gia do 6n dinh, tir d6, 4p dung
van hanh trong diy chuyén san xut thuc, dap
mg nhu ciu ty dong hoa kiém tra san pham
linh kién dién tir. <+
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