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HOC KHONG GIAM SAT TRONG KIEM TRA NGOAI QUAN BE MAT
NAP CAO SU

UNSUPERVISED LEARNING IN RUBBER STOPPER SURFACE ANOMALY
DETECTION

PGS, TS. Lé Giang Nam, Lé Xuan Trung
Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Phat hién sw di thuong trén bé mat két cd'u la mot van dé quan trong va can thiét. Trong
nganh y té, thuéc va dung dzch y té dwoc san xudt trong phong sach. thng di thwong trén bé mat
ndp cao su mang mot tiém dan dnh hwéng truc tiép dén chat lwong thudce dan den anh hu’ong stec
khoe cua con ngu"m hodc dong vit khi sir dung. Mot s di thuong trén bé mdt ndp cao su can phdi
dwoc phat hién dé co thé loai bé sém. Thach thirc chinh ciia nhiém vu nay do la phat hién cac vung
6 sw thay doi la di thwong nhé, nhiéu so véi mire binh thuong, thiéu dir liéu ndp cao su di thuong
dwoc gan nhan. Trong nghién civu nay, chiing téi chi ra mét phwong phdp tiép cdn két hop nhiing
tir mé hinh ImageNet cho phdt hién phén loai nhitng anh di thuong va binh thieong ciia ndp cao su.
Chung toi da mo rong va dé xudt mé hinh PatchCore vé&i bé siéu tham sé méi dé dat hiéu sudtphdt
hién cac diém di thuong. Pau vao hinh anh 1 kénh, dau ra mat na phan doan hinh anh voi cac viing
di thwong trén bé mdt dnh ndp cao su thir nghiém. Chiing téi tiép tuc bdo cdo két qua bo dir liéu bo
sung va ciing tim thay két qud kha quan trong ché dg it mau véi chi sé F1 va AUC lan lwot la 0,95
va 0,84.

T khoa: X [y anh; Phat hién di thwong; Kiém tra quang hoc; Hoc khong giam sdt; Ndp
cao su.

ABSTRACT

Anomaly detection on the surface of a structure is an important and necessary issue. In the
medical industry, medicines and medical solutions are produced in clean rooms. The anomalies on
the surface of the rubber cap carry a potential that directly affects the quality of the drug leading
to health effects in humans or animals when used. An anomaly on the surface of the rubber cap
needs to be detected so that it can be removed early. The main challenge of this task is to detect
areas where the variation is a small anomaly, noise from the normal level, and the lack of labeled
anomaly rubber stopper data. In this study, we show an embedded combined approach from the
ImageNet model for classification detection of normal and anomaly images of rubber caps. We
have extended and proposed the PatchCore model with a new set of hyperparameters for anomaly
detection performance. Image input is 1-channel, image segmentation mask output with an anomaly
on test rubber cap image surface. We continue to report additional dataset results and find positive
results in the few samples mode with F1-score and AUC of 0.95 and 0.84.

Keywords: Image processing; Anomaly detection; Visual inspection;, Unsupervised
learning; Rubber stopper.
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1. PAT VAN PE

Kiém tra quang hoc tu dong ngay nay
12 mot van dé duoc quan tam, véi su phat trién
nhanh chéng cta hoc sau ngay cang duoc trién
khai phd bién rong rai hon trong linh virc phat
hién khiém khuyét. Trong linh vuc y té, dung
dich y té hodc thudc dugc san xuit trong phong
sach, dugc dung trong chai thuy tinh va day
nap cao su kin. Hinh 1a thé hién mot nip cao
su dugc dinh nghia 14 binh thuong, khong co
bét ky 18i nao dwoc xuat hién trén bé mit (top
view). Vi vay, diéu quan trong 13 can phai phat
hién sém cac khuyét tat bé mit nép cao su, dac
biét 1a mat tiép xuc truc tiép véi dung dich y
té hay thudc. Cac khuyét tat nay goi 1a ving
di thuong s& anh huong toi chat luong thude
va dung dich, gay anh hudng to1 strc khoe con
nguoi hodc dong vat khi st dung. Cac phuong
phéap phat hién duogc cac vung di thuong trén
bé mit san pham di c6 nhiéu nghién ciu noi
t6i. Tuy nhién, phat hién di thudng trén nip cao
su van con la mot van d& md ma van chua co
nhiéu nghién ciru thyc hién. Pithadiya va Kunal
[1] d& xuat mot phuong phap phat hién nip cao
su bj 161, duogc goi 1a B loc ham mii ddi xuing
vo han (ISEF). Tu khoang cach cho cac khu
vuc khac nhau dé tim sy hinh thanh nép cao su
va ban kinh cua nip cao su, phuong phap dua
trén phat hién canh téi uvu dé tim cung tron tir
k¥ thuat Laplace nhi phan, sau d6 phat hién d6i
tugng véi muc dich chon ra ngudng t6t nhat
trong s6 bd ngudng (khong triét tiéu tdi da).
Tuy nhién, phuong phap nay khong mang lai
hiéu qua cho phat hién di thuong bé mat.

Céc thach thirc ma hinh anh trong cong
nghiép mang lai la hinh 4nh di thuong trong
thuc té rit kho dé co thé thu thap di cac mau
cho qua trinh huén luyén dé c6 thé thir nghiém.
Dir liéu hinh anh di thuong sé& it pho bién hon,

cong vi¢c thu thdp dir liéu va gan nhan doi hoi
cong stc va chi phi 16n. Hon nira, sy di thuong
¢6 thé 1a mo hinh khong mong muén va khong
dugc du bao trude. Hinh 1 (b va ¢) bao gébm
mot s6 hinh anh nip cao su che ¢d phan trén
ctia chai thuy tinh c6 di thuong trén bé mat.
Cac 16i thuong xuat hién ¢ nip cao su nhu vét
xudc bé mit, rd khi, nat té vi,... nhiing 13i
nay dugc dinh nghia 1a vung di thuong. Da c6
nhiéu nghién ctru giai quyét van dé phat hién
di thuong. Cac phuong phap huin luyén dwa
trén tap dir liéu ty nhién ImageNet [2] dé trich
xudt cac ddc trung ma khong c6 bt ky sy tuong
dong nao. M6 hinh huan luyén dya trén da s6
dir li¢u 1a hinh anh binh thuong va dir liéu anh
di thudong duoc gan nhan thiéu s6 nhu mé hinh
PatchCore [3], PaDim [4], va SPADE [5] thé
hién mot hiéu suét cao.

a) b) ¢)
Hinh 1. (a) Nap cao su binh thuong (top view);
(b), (c) Nép cao su di thuong bé mt

Cubi cung, chiing toi tiép can véi hinh
anh ndp cao su thu thap bang camera ciing véi
hé chiéu sang dy du. Chung toi st dung mo
hinh PatchCore cho kha nang phat hién hinh
anh va phan doan hinh anh xuat hién vung di
thuong. Chung t61 thu nghiém bd siéu tham
s6 do ching toi dé xuat voi dit liéu anh binh
thuong nhiéu hon. Mang dao tao truéc Wide-
ResNet [6] duoc sit dung mang lai hiéu suét
tdt, doc 1ap voi dir lidu dao tao ¢ giai doan dy
doan. Két qua cho thiy, hé théng co thé nhan
dién duoc ving khuyét tat, ciing nhu c6 thé chi
ra dugc vi tri trong hinh anh.
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2.VATLIEU VA PHUONG PHAPNGHIEN
cuUU

2.1. B9 dir liéu
a. H¢ chiéu sing

Hé thong st dung 1280x1024 pixels
CMOS camera monochorm c¢6 kich ¢& cam

bién % véi éng kinh 12 mm. Truong nhin

FOV 1a 50x50 mm, d¢ phan gidi 4,8um x 4,8pum
va d¢ phong dai 1a 0,063. Anh sang chiéu theo
ngudn sang tan xa [7] dd duoc tmg dung nhidu
trong cong nghiép véi dén led vong diéu chinh
dugc cudng do sang duge cung cap v6i dong
dién 1A. Lya chon phuong phéap chiéu sang tan
xa va ngudn sang dé chiéu sang tan xa déu hét
bé mit c6 ndp cao su. Hé thong chiéu sang va
thu nhan anh dugc mo ta nhu hinh 2.

Dén led e
| 3
Tam nén ?;13 kinh

Hinh 2. Hé thong thu nhdn anh

Bé mit tim nén duogc chon 1a bé mat
nhan, c6 dd nham thap dé tranh d6 tuong phan
cao tor mdy anh, gdy nhi¢u cho hinh anh. Qua
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trinh nay mang lai hiéu qua cao cho xtr 1y anh
nhanh va ngan gon hon, chuan bj dit liéu cho
qué trinh huan luyén c6 hiéu suat tot hon.

b. Xit Iy 4nh

Ciit dinh > Xoa nén

A 4

Thu nhin anh

Thay dbi kich thirde
dnh con 512x512
pixels

Tao kp mét na tir
nhin

F Y

Gién nhin +

Hinh 3. Xur Iy anh va gan nhan

Pé qua trinh huén luyén mo hinh dat
hi€u suat tot, chiing t61 da thuc hién cac budc
xur ly anh nhu trén hinh 3.

Hinh anh sau khi chung t6i thu nhan,
dugc tién hanh cét anh chi con nip cao su va
mot phan ciia tim nén. Tiép theo, chung toi
thue hién budc xéa nén, chi con dbi tuong 1a
nap cao su trong anh nhu hinh 4 (a va b) nhim
muc dich giam nhiéu trong anh dé hi¢u sut
huén luyén dat cuc dai.

a) b)
Hinh 4. (a) Anh truée khi xéa nén; (b) Anh da xéa

Sau d6, chung toi tién hanh thay doi
kich thudc anh vé 512 x 512 pixels va tién hanh
gan nhin nhimg vung khuyét tat trén nip cao
su. Cubi cung 1a phan tao 16p mat na pixel cho

ving khuyét tat nhu hinh 5 (a va b).
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b)
Hinh 5. (a) Vét xuée bé mat; (b) Mdt na chii thich
gan nhan

2.2. Phwong phap
a. Khung hoc tap

Khung hoc tap PatchCore [3] da dugc
trién khai dé thiét ké phan phdi tinh ning cho
cac hinh anh dao tao thong thuong cua ching
toi. Mang ludi c6 anh hudng dugce dao tao trude
vé cac nhiém vu phan loai hinh anh. M6 hinh
huén luyén trudc dya trén tap dit liéu ty nhién
ImageNet voi khung xuong ResNet [8] dé trich
xudt vector ddc trung hinh anh binh thuong
duoc dao tao. Pac diém cua hinh anh dich duoc
hiéu 13 binh thudng hodc di thudng bang cach
sir dung tim kiém k 1an can (k-NN) duoc tinh
bang ham trung binh tong hop (AvgPooling2D).
Cubi cung thu duoc cac dic trung da trich xut
lwu vao ngan hang bo nhé. Ban d6 di thuong
duogc phong 1én bang ndi suy song tuyén va lam
min bﬁng mot bo loc Gaussain c6 d0 rong nhan
khong ddi o = 4.

Phuong phép cua chung toi sir dung anh
dau vao kich thuéc 512x512 pixels trén bo dir
li¢u tu xay dung cho phép chiing t6i trich loc va
gitr lai cac dac trung dai di¢n cua cac vung di
thuong nhd. Ching t61 xem xét mdt quy trinh
twong tu nhu trén, thay doi bo tham sé phu hop
va st dung ham tong hop trung binh v&i bd
tham s6 kernel size = (3, 3), stride = 1, padding
=1 cai dat AvgPooling2D cho tinh nang nhan

dién cuc bg. Khoang cach tinh ning 1a mot
diém di thuong ¢ moi vi tri dugc tinh toan béng
faiss thong qua k-NN [5]. B siéu tham sb durgc
trinh bay trong bang 1.

Bdng 1. Bang bg siéu tham s6 mé hinh

Mo hinh dao tao trudc Wide-ResNet50
c 4
f, oo (Ham téng hop) AvgPooling2D
p (Kich ¢& khu lan cén) 2
Thuat toan k-NN faiss. IndexIVFFIlat

b. Qua trinh huén luyén

Thu vién ma nguén mé duge st dung:
OpenCV, Pytorch. M hinh huan luyén dwa trén
dao tao trude ImageNet duoc trién khai véi bo
khung xuong Wide-ResNet50. M6 hinh dao tao
trén bd dir liéu cuia chung t6i véi 1200 anh binh
thuong va 150 anh di thuong kém theo phép
ting cuong dir liéu nhu: xoay ngau nhién (-5°,
+5°), 1at 1én va lén xuéng, chuén héa ma tran
anh v6i trung binh va do Iéch chuan. Trong do,
20% hinh anh binh thuong dugc danh gia dua
trén thoi gian kiém tra, véi phﬁn con lai dugc
stt dung cho qué trinh hudn luyén. Qua trinh
huén luyén mé hinh sir dung Google Colab [9],
moi truong phan mém: Python 3.8, Pytorch.

3. KET QUA

Trong bai bao nay, trai qua qua trinh xur
ly anh nhu tach nén khoi nip chai cao su, sau d6
xtr 1y cac budc tiép theo nhu cét anh, thay d6i
kich thude con 512x512 pixels va xoay anh, 14t
anh tang cuong dir liéu huin luyén. Hinh 6a thé
hién két qua cua ban dd nhiét ving di thuong,
két qua dy doan mat na pixel trén hinh 6b va
vung di thuong trén anh dugc mo ta trén hinh
6c¢.
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a) b) c)
Hinh 6. Két qua vi du trén tdp anh thir nghiém:
(a) Ban d6 nhiét; (b) Mdt na pixel dw dodn;
(c) Vung di thuong trén anh thu nghiém

Trong nghién ctru ndy, hiéu sudt phat
hién cac di thuong trén hinh anh dugc do bang
chi sé dién tich duong cong (AUROC) [10]
va Fl-score [11], 1a chi s6 manh m& dé danh
gia hiéu sudt mé hinh ¢6 tap dir liéu khong can
bang da dugc nhic dén trong nhiéu nghién ciru
tir trude. Hiéu suat mo hinh dat duoc Fl-score
=0,95 va AUROC = 0,84.

Bdng 2. Két qua so sanh

< Giai phap cdi | PatchCore
Nap cao su tién 100%
Cap do hinh 84% 80%
anh
Cép do pixel 95% 95%
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Bang 2 cho thiy dwoc trén cing tap
dir liéu cua ching t6i, mo hinh cia chung to6i
sau khi thay d6i bo tham sb dat do chinh xac
dy doan cao hon so voi mo hinh PatchCore
nguyén thiy. Nhitng thay d6i ctia chiing t6i cho
thiy mot hiéu sudt tét cua phat hién di thuong
trén nip cao su. Két qua nay cho thiy phuong
phap dugc dé xuét cua ching t6i don gian va
dat hiéu qua. Diéu nay rét tot cho viéc xay dung
mo hinh thuc té trong cong nghiép vi mot tap
dir lidu dugc chu thich nhén chét luong cao rat
t6n thoi gian va gia thanh cao.

4. THAO LUAN

Trong bai bao nay, trén bo dir licu tu
xdy dung tir mo hinh cung cép danh gia ving
di thuong thong qua hoc khong gidm sat.
Ngoai kha ning phat hién 15i trén nip cao su
thi phuong phap nay xac dinh dugc nhiing nip
cao su binh thudng. Chung t6i thay d6i bo siéu
tham s6 dé giam thiéu qua khép (overfitting)
cho mé hinh huén luyén. Trong nghién ctru nay
chiing t6i da chi ra nhitng dinh dang 16i da dang
hon trong thuc té duoc thu thap tr mo hinh.
Diéu nay c6 ich cho thuc té san xuat vi nhiing
ving di thuong xuat hién ma khong c6 thong
tin va khong dugc du bao. Do do, cé thé mong
doi rang mo hinh dé xuét s& duoc 4p dung nhidu
hon trong bi canh cng nghiép thuc té noi s6
lvong mau di thuong thudong bi han ché. Mic
du két qua phan loai dat hiéu suat tét, tuy nhién
can phai bo sung dir liéu anh di thudng nép cao
su dé hiéu suit duoc nang cao hon va cé thé
kiém tra khiém khuyét & bé mat con lai. Cudi
cung, trong tim cdng viéc tiép theo cua ching
t6i 13 1am thé nao dé loai bo nhirng nép chai cao
su 16i trong day chuyén cong nghiép. <
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