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TOM TAT— Nghién citu ndy d@é xudt mét gidi thudt xi ly dnh két hop véi may hoc dé phét hién va nhan dang khiém khuyét trén bé
mdt gach men. Pau tién, gach sé diroc tach khéi nén va tinh todn ddic trng anh dua trén histogram va két cau bé mat dé nhan dang
logi mdu cia gach diing mang neural. Tiép theo, tién hanh trir anh mdu gach va gach mdu dé nhdn dang 16i sir dung ki thugt xi ly
hinh thai. Két qud thuc nghiém diroc tién hanh trén tdp di lidu 150 anh vién gach thugc 15 logi mdu khac nhau véi tong cong 292
logi 16i can nhéan dang. Két qua nhdn dang cua hé th(fng dat 96.92% véi 100% s6 gach méu dwoc nhdn dang dung. Thoi gian nhdn
dang trung binh khodng 1s cho mgt mau gach da khdng dinh tinh hiéu qud cia hé thong dwoc dé nghi.

Tir khéa— Nhdn dgng mdu, mang neural, triz nén, khiém khuyét bé mat, gach men.
I. GIOI THIEU

San xuit gach men va 6p lat tai Viét Nam 1a mot trong so it cac nganh cong nghiép vuon 1én tam c& khu vuc
va thé giéi. Theo s liéu théng ké nam 2015 téng cong sudt hién dat toi 500 triéu m*nam, ding ddu Pong Nam A va
thir 6 thé gii. San pham gach men khong chi duoc tiéu thu trong nudc ma con duge xuit khau ra nudc ngoai. Viét
Nam ciing 1 nha xuat khau gach op 14t top 10 thé gi6i. Hién tai, khoang 15% san lugng cia Viét Nam dugc xuét khau
di cac nude trén thé gisi [1].

Nghién ctru cac phuong phap va cac ky thuét cho viée kiém tra dénh gia 15i bé mat trong san xuét theo day
chuyén ty dong va xay dung hé théng phat hién va nhan dang 15i trén bé mat san pham no6i chung va gach men noi
riéng da va dang la mot van dé duoc quan tam dbi véi nganh cong nghiép cua nhiéu nu6e. Tuy nhién, chua co cong bd
nao hoan chinh vé van dé nay. Cac nghién ctru hodc chi dimg lai & dé xudt thut toan phan doan anh dé phat hién ving
chira khuyét diém trén bé mit [2] hay chi phat hién cac sai 1éch vé& d6 day, mong, do cong vénh trén bién cia vién gach
[3]. Mot s6 hé théng thuc nghiém thi chi don gian 1 nhan dang gach c6 131 hay khong 18i [4] hodc chi phan loai khuyét
diém véi cac mau 16i da xu ly truge [5]. Phan 16n cac nghién ctru nay déu c6 mot khuyét diém rat 16n 1a khong c6 chirc
nang nhén dang gach mau nén hé thong khong c6 tinh tong quat cao chi xét mdt s6 mau gach voi hoa van don gian,
ddng nhat, c4c loai gach da hoa tiét hay bé mit c6 cac hoa tiét phirc tap voi do tuong phan cao vé do sang hay mau sac
chua duoc xét dén. Riéng ¢ nudc ta, cac nghién ciru dé ap dung cho cac Ung dung nay van chua phd bién, chu yeu la
cac phuong phap truyén thong thuong dugc thuc hién do con ngudi tryc tiép quan sat bé mit cta san pham, dé danh
gi4 phan loai chat lwong cho cac san pham gach men vi vdy, nghién ctru nay la rat can thiét va c6 y nghia thuc tién.

Bai bao nay dé xudt mot giai thuat may hoc va xu ly anh méi dé phat hién va nhan dang khuyét diém trén bé
mat gach men str dung ky thuat nhan dang gach mau dua trén mang no-ron voi b dac trung co ban vé thong tin hinh
hoc két hop v6i cac dic trung vé histogram va két cau cua anh. Tiép theo, cac 151 khuyét dlem trén bé mit gach men s&
dugc xac dinh bang k¥ thuat phan doan anh, trir nén va xir Iy hinh thai. Quy trinh xir Iy tong quat ciia phuong phép
dugc trinh bay nhu trong hinh 1. Myc tiép theo ctia bai viét mé ta chi tiét ndi dung cua phuwong phap duge dé xuat. Cac
két qua thyc nghiém va thao luan dugc trinh bay trong muc I11. Két luan va cac dinh hudng nghién ctru tiép theo duoc
dua ra trong muc IV cua bai bao.
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Hinh 1. Quy trinh xir Iy tng quét ciia phuong phap dugc dé nghi

II. NOI DUNG NGHIEN CUU
A. Gioi han va pham vi nghién ciru
Trong nghién cuu nay, chung t6i xét bai toan phét hién va nhan dang 15i trén bé mdt gach men ceralpic la loai
gach dugc san xuat va ti€u thy véi san lugng 16n nhat & Viét Nam hién nay. Chung t6i xét 15 loai gach mau c6 kich

thudc, mau sic, hinh dang va d¢ phuec tap khac nhau cta hoa tiét. Hinh anh minh hoa cho cac loai gach nay dugc trinh
bay nhu ¢ Hinh 2.
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Hinh 2. Céc loai gach mau dugc str dung trong thuc nghiém hé théng

Céc 16i khiém khuyét dugc thir nghiém cho hé théng bao gdm sai mau, d6m hodc triy men gach, bé hay mé trén
dudng bién cta gach va 16i nit gach nhu trinh bay ¢ Hinh 3.

(0 (
Hinh 3. Cac loai khiém khuyét trén bé mat gach men dugc xét trong hé théng
B. Tién xir Iy
1. Thu nhan anh mau gach

Gach di chuyén trén bang tai duge dua vao budng chup va thu nhan anh bing camera Logitech HD Pro C920.
bay la loai camera c6 thé thu nhan dugc anh voi do phén giai 15 Megapixels, c6 kha nang ty lay nét va bu sang, toc do
thu nhén anh t6i da 1a 30 frame anh/s.

2. Tach mau gach khoi bing tai

Anh du vao duoc thu tir budng chup, nén cta anh mau gach 13 bang tai, dé xir Iy anh mau gach trude tién can
tach anh khoi nén bang tai. Qua trinh dugc thyc hién thong qua cac budc sau:

e Buwéc 1: Xac dinh gidi han bién trai, phai cia anh dau vao.

e Budc 2: Chuyén d6i anh sang anh xam, phan doan anh v6i ngudng dong bang thuat toan OTSU [6].
e Budc 3: Xac dinh vung anh chura vién gach.

e Budc 4: Cit anh gach khoi nén bang tai

Két qua minh hoa cho cho qua trinh xir 1y tich dnh vién gach ra khoi nén bang tai dugc thé hién nhu & Hinh 4a
va Hinh 4b.

Hinh 4. a. Anh vién gach trén bang tai; b. Anh vién gach dugc tach khoi bang tai ¢. Vung chtra anh vién gach
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3. Tim xuong cua anh vién gach

Nhiam muc dich loai bo cac théng tin du thira vé hinh dang cta anh mau gach chung t6i 4p dung thuat toan lam
mong nét [7] dé tim xwong cta anh vién gach (Hinh 7a). Budc xir 1y nay gitp giam thi€u anh hudng cta dd6 méo cua
hoa van trén anh vién gach giup tang d6 chinh xac nhén dang va giam thoi gian tinh toan dac trung anh.

4. Lam min xuong

Xuong ciia anh miu gach sau khi tim dwoc van con mot sd truong hop can dugc xur ly dé xwong manh dén khi
chi con 1 hogc 2 diém anh trong 8 diém lan c4n xung quanh mot diém dang xét. Bé lam min xwong cua xuong anh vién
gach chiing t6i sir dung cac mit na 3x3 dé xac dinh cac giao diém nao trén xwong ctia anh can xo6a hay gitr lai.

Néu co trang thai 3 diém den nhu Hinh 5 thi diém tdm cta mat na 3x3 dang xét s& dugc chuyén thanh diém mau
trang bat ké cac di€m den con lai ¢ vi tri nao trong mit na nay.

o gy

Hinh 5. Cac trudng hop can x6a diém tam dé lam min xuong

Tuy nhién, néu xét trén toan mau gach can chi y dén cac giao diém 1a cac diém giao 3, 4 trong truong hop thoa
mén diéu kién trén nhung néu x6a di giao diém nay s& lam dut khuc dudng cong thi tim giao diém can duoc giir lai

duoc minh hoa ¢ Hinh 6.

Hinh 6. C4c trudng hop cin gitr diém tdm dé khong lam dit khuc dudng cong ciia xuong

Xuong mau gach dwoc 1am min dé tinh mot sé dic trung lién quan dén xuwong: d6 dai xuong, sip xép thir tu cac
diém anh trén cac duong cong dugc phan ra tir di€ém dau dén di€m cuoi. Tu do, cuc tri cua dudng cong duge tim trén
cac duong cong c6 thir ty nay. Mot vi du minh hoa cho qua trinh lam min xuong dugc trinh bay nhu ¢ Hinh 7b va Hinh
7c.
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a. Anh nhi phan vién gach; b. Anh xwong cia anh vién gach;  c. Anh lam min xwong cua anh vién gach

Hinh 7. Két qua tim xuong va lam min xuong clia xwong anh mau gach

C. Phan dogn dnh

Dua vao dic tinh vat ly cua anh, ngudi ta cé nhidu ky thuat phan doan anh: phan doan dua theo mién lién thong,
phan doan dya vao bién (phan viing bién), phan doan dua trén lwoc dd mac xam (histogram). Ngoai ra con c6 cac ky
thuat phan viing khac dwa vao bién d6, phan ving dya theo két ciu. Trong nghién ctru ndy, ching toi s dung k§ thuat
phén doan anh dya trén lugc dd mirc xam histogram, phan doan dya trén cac vung lién thong, xét cac giao diém bién dé
phan ra duong cong tai giao diém, tach ving lién thong dé tach cac duong cong, ...

1. Phéan doan dya trén ngudng muc xam

Phan doan anh bang lugc dd mirc x4m histogram theo khoang mirc xam. Cac nhom murc d sang tdi cia anh
duoc phéan theo ngudng mac xam 1a 30, 80, 128, 180, 240 nhu dugc trinh bay trong [8].

2. Phan doan duya trén cac vung lién thong

Phén doan anh dwa trén tinh lién thong cua cac ving trén anh va gan nhan cho cac ving lién thong. Tir d6 co thé
tinh toan cac déc trung lién thong, bao dong cua cac vung trén anh. Tir cac vung lién thong nay chung ta ciing co thé
tién hanh phan rd duong cong dé tinh toan cac dic trung lién quan nhu sb lugng dwong cong, sb cuc tri cua dudong
cong, chu vi, d§ dai duong cong,...

Mot vi du minh hoa cho viéc phan doan anh dua trén cac vung lién thong va phan ra anh thanh cac dudng cong
dugc minh hoa nhu ¢ Hinh 8.
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d. Cac duomg cong duwoc phanri A4 tinh todn dic tnmg

Hinh 8. Phan doan anh dya trén ving lién thong va phéan rd duong cong

D. Trich ddc trung dnh

Dé biéu dién anh gach mau, ching toi dé xuat b dic trung dugc xay dung bang cach két hop 24 dic trung co

ban két hop voi 64 dic trung dya trén histogram va két cdu bé mit (dugc phén tich trén 04 anh gdm: Anh murc xam,
anh kénh Red, Green va Blue).

1. Cac dac trung co ban

Sau khi tién hanh céc thao tac tién xir 1y va phan doan anh chung t6i tién hanh rat trich 24 dic trung co ban tir

cac anh két qua ciia gach mau. Tén va cong thirc tinh toan cta 24 dic trung co ban dugc liét ké trong Bang 1.

Bang 1. Danh sach 24 dic trung co ban

STT Tén déc trung Cong thire, gidi thuit tinh dic trung Ky hiéu va ti 1€ co gia tri
1 Ti 1€ chiéu rong trén chiéu cao w/h tl_wh
2 Ti 1€ dién tich trén chu vi wh/2(h+w) tl_dt cv/10
3 S6 diém cudi Giai thuat dém s6 diém cubi Gdcuoi
4 Ti 18 tong s diém anh mau den trén dién tich SumA/(wh) tl_sumA_dt * 10
5 Ti 1€ d6 dai xwong da lam min trén dién tich DoDaiXuong/(wh) tl_xng_dt*100
6 S6 vung lién thong Giai thuat dem vung lién thong sovunglienthong
7 S6 vung bao dong Giai thuat dém vung bao dong sovungbaodong
8 S0 dudng cong chinh 16n hon 15 pixel Giai thuat tim va dém duong cong SoDgCong
9 Tong s0 cyc tri cua cdc dLLO*ng cong chinh trén Tim cuec tri va dém sb cuc tri SoCucTri
gach mau
10 Toa d¢ x1 cua trong tm chinh T1 Trung binh toa 45 x cua tat carcac diém x1/100
trong pham vi dang xét
11 Toa d¢ yl cua trong tam chinh T1 Trung binh toa d0 y clia tat ca cic diém y1/100

trong pham vi dang xét
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STT Tén déc trung Cong thire, gidi thuit tinh dic trung Ky hiéu va ti 1€ co gia tri

12 Toa do x2 cia trong tam trai T2 Trung binh toa 46 x cua tat Ca, cdc diem x2/100
trong pham vi dang xét v

13 Toa d¢ y2 cta trong tam trai T2 Trung binh toa d¢ y cua tat ca cac diém y2/100
trong pham vi dang xét v

14 Toa d¢ x3 cua trong tdm phai T3 Trung binh toa d6 x cua tat Ca, cdc diém x3/100
trong pham vi dang xét

15 Toa d¢ y3 cua trong tam phai T3 Trung binh toa do y cua tat ca cac diém y3/100
trong pham vi dang xét ]

16 Toa dé x4 cila trong tm tréi phia trén T4 | 17uNg binh toa do x ca tat ca céc dicm X4/100
trong pham vi dang xét v

17 Toa d6 y4 clia trong tm trdi phia trén T4 | 17ung binh toa do y clia tat cd cdc diém y4/100
trong pham vi dang xét

18 Toa d¢ x5 cua trong tdm trai phia dudi TS Trung binh toa 46 x cua tat Ca, cdc diem x5/100
trong pham vi dang xét

19 Toa @ y5 clia trong tAm tréi phia dwei Ts | 1Tung binh toadd y cua tat ca cic diem y5/100
trong pham vi dang xét

20 Toa d¢ x6 cua trong tim phai phia trén T6 Trung binh toa d6 x cua tat ca cac diém x6/100
trong pham vi dang Xxét

R , A s A Trung binh toa d§ y cua tat cé cac diém

21 Toa d¢ y6 cua trong tdm phai phia trén T6 trong pham vi dang xét y6/100

22 | Toadd x7 ciia trong tim phai phia dwei T7 | 1rung binh toa d0 x clia tat cd cc diém X7/100
trong pham vi dang xét

R , A I . Trung binh toa d6 y cia tat ca cac diém
23 Toa d¢ y7 cua trong tim phai phia dudi T7 trong pham vi dang xét y7/100
24 Khoang cach trur]g blph tlr cac trong tdm dén Tinh khoang cacA:h trung Ennh clia cac KCTB tam/10
tam hinh hoc trong tam dén tam. -

2. Dbac trung két cau bé mat
2.1. Pinh nghia két cdu (texture)

Két chu (texture) lién quan dén cac dac diém bé mat cia mot vat thé (ty nhién hodc nhéan tao) va co kich thudc,
hinh dang, mat dd, su sap xép, ty 1€ cac thanh phan co ban cia vat thé. Mot ket cau thuong dugc miéu ta 1a min hay go
ghé, mém hay cling, th6 hay bong...

2.2. Phdn tich két cdu

Céch tiép can dé phan tich két cau thuong duge phan loai thanh: cAu trac (structural), thong ké (statistical), dua
trén co s mo hinh va cic phuong phap bién doi anh.

C6 nhiéu phuong phap thdng ké khac nhau dugc sir dung dé phén tich két cdu cta anh nhu: dic trung dua trén
lugc d6 thir tw dau tién (First-order histogram based) [9], dic trung dwa trén ma trin xuat hién dong thoi (Co-
occurrence matrix) [9, 10], dic trung da ti 16 (Multiscale) [9], ma tran khac biét tong mau xam (Grey-Tone Difference
Matrix (GTDM)) [9]... Dé tinh toan hiéu qua dic trung theo mau sic, d ddm nhat, hoa tiét da dang cta anh gach mau,
ching t6i da chon liwa phuong phap thtr nhat dé tinh cac dic trung két ciu dya trén luoc d6 mirc xam 4p dung trén ca 4
anh muc xam trén cac kénh Red, Green va Blue cua gach mau.

2.3. Bdc trung dia trén lwoe do thir tw dau tién (First-order histogram based features)

Ta biéu dién mot anh la mot ham f (x, y) voi 2 bién khong gianxvay, x=0,1,.., N-1 vay =01, .., M-1.
Trong do: N, M 1an luot 13 s6 dong va s cot ciia anh. Ham f (x, y) ¢6 thé mét giatrirdiraci=0,1, ..., G-1, trong do G
la tong 56 56 murc cuong dg trong hinh anh, v6i anh mirc xam ta c6 G=256. Biéu db biéu thi mirc cuong do (histogram)
biéu thi véi mdi mirc cudng do 1a sé diém anh co cing cuong do trén toan bo anh:

N-1M-1
h(i) = s(f

x=0 j=0

, *

Bang céch chia gia tri h(i) cho tong s6 di€m anh c6 trong anh ta c6 dugc mat do xac sudt xap xi xuat hién cua
cac cuong d6 p(i):

p(i) = (), i=01--G-1 (2)

M*N

HAu hét cac thong s6 tinh duoc déu duoc goi 1a mé-men trung tdm (central moments) va la co s& dé tinh cac dac
trung ket cau, cac dic trung nay dugc tinh boi cadc phuong trinh sau:
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Energy: E =
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(5)

(6)
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Mot sb dic trung khac c6 thé tinh thém tir biéu d6 biéu thi mic cudng do hodc biéu dd biéu thi mirc phan phdi
la: gia tri 16n nhat, nho nhat, trung vi, gia tri ciia cac khoang. Cac dac trung dua trén histogram va két cau be mat duoc
liét k€ chi tiet trong Bang 2.

Bang 2. Théng ké céc dic trung dya trén histogram va két cdu bé mit

Cong thire, gidi thuat tinh dac

Ky hiéu va ti 1€ co gia

STT Tén dic trung .
. . trung tri
Ti 1€ cua tong s6 diém anh nhi phén threshold mtc 30
! trén tong sé diém anh nhi phan mirc 240 L30/L.240 130
Ti I¢ cta tong so di€ém anh nhi phéan threshold mtc 80
2 trén tong sé diém anh nhi phan muc 240 L80/L.240 180
Ti 1¢ cta tong sO diém anh nhi phan threshold muc 128
3 trén tong sé diém anh nhi phan muc 240 L128/1.240 1128
Ti 1€ cta tong sO di€m anh nhi phan threshold muc 180
4 trén tong sé diém anh nhi phan muc 240 L180/L.240 1180
5 'I:irlh trEmg bAjrllhéMegn <?h0 %{ét cau bé mat anh dua trén Cong thite (3) Mean/10
ti 1¢ phén phdi sap xi mirc xdm
6 Phuong sai Cong thuc (4) Variance/1000
7 Do nhon, 6 nham Cong thuc (5) Kurtosis
8 Néng lugng Cong thuc (6) Energy*1000
9 Tinh dong nhit Cong thiic (7) Entropy
10 | Tilé phan phdi I6n nhét Max (P(i)) MaxP*100
11 | Ti 1¢ phan phbi trung vi Median(P(i)) MedianP*100
Tong ti 1¢ phan phoi trong khoang 0 dén 49 trén mang ti
12 | 18 phan phdi P[i]=H[i}/N, v6i N 1a téng sb diém anh, Sum(P[i]), i=0..49 r1*100
i=0..254.
Téng ti 1& phan phdi trong khoang 50 dén 99 trén mang
13 | ti 1& phan phéi P[i]=H[i}/N, v6i N 1a tng s& diém anh, Sum(P[i]), i=50..99 r2*100
i=0..254.
Tong ti 1¢ phan phoi trong khoang 100 deén 149 trén
14 | mang ti 18 phan phéi P[i]=H[i]/N, v6i N 1a tdng sb diém Sum(P[i]), i=100..149 r3*100
anh, i=0..254.
Téng ti 1& phan phdi trong khoang 150 dén 199 trén
15 | mang ti 18 phan phéi P[i]=H[i]/N, v6i N 1a tong sb diém Sum(P[i]), i=150..199 r4*100
anh, i=0..254.
Téng ti 18 phan phdi trong khoang 200 dén 249 trén
16 | mang ti 18 phan phéi P[i]=H[i]/N, v6i N 1a tdng sb diém Sum(P[i]), i=200..249 r5*10

anh, i=0..254.

E. Nhén dang gach méu

nhan dang loai mau ciia gach voi bo dit liéu c6 150 mau gach thudc 15 loai mau gach khac nhau.

Chung t6i xay dung mang No-ron nhan tao c6 88 gia tri diu vao, 250 No-ron 16p 4n va 7 No-ron 16p dau ra dé

Phuy thudc vao tap dit liéu cé bao nhiéu mau gach, ta cO s6 tha tu 1& ma nhén dang gach mau. Mi nay 1a mot )
nguyén N. Ta co s6 No-ron 16p déu ra x thoa diéu kién sau: 2°>=N. MJbi dau ra cua mang duoc biéu dién bang mét bit
€6 2 trang thai 0 hodc 1. Chung t6i chon s6 dau ra cua mang huén luyén la td hop 7 bits dau ra s& 1a ma nhan dang gach
mau trong co s dit lidu. Vi 7 bit dau ra, hé thdng c6 thé nhan dang 27-1 =127 loai gach mau khéc nhau.

Co so dir liéu hudn luyén s& dugc sip xép ngiu nhién theo sd thir tu va duge chia 1am 3 tap dir liéu gdom: tap
huan luyén, tap kiém tra huan luyén va tap ki€ém thir sau huan luyén theo ti 1¢ 60%, 20%, 20% tong sO mau tin cla tap
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co s& dir liéu hudn luyén, cac tap dir liéu nay doc 1ap véi nhau. Két qua huin luyén mang dat két qua chinh xac hoan
toan 100% da khing dinh sy pht hop va tinh hi¢u qua cta b dic trung anh ciing nhu ciu triic mang no-ron do chdng
t6i dé xuat.

F. Nhin dang 16i trén bé mdt gach men
1. Luu d0 tong quat giai thuat tim 15i

Sau khi nhan dang duoc gach mau, hé théng c6 dugc anh gach mau va mau gach can nhén dang 16i. Hinh 9
minh hoa so d6 tong quat ciia qua trinh tim 16i trén mau gach:

[ 1. Pau vao: Anh miu gach va anh gach mau can tim 15 ]

v
[ 2. Chuyén di 2 anh vé anh murc xam ]

v
[ 3. Chuén héa kich thude 2 anh ]

v
[ 4. Tinh géc léch giita 2 anh ]
v
[ 5. Quay anh gach mau vé ding vi tri ]

tuong dong hoa tiét voi anh mau gach

v v v
[ 6. TH{: Tim 16i dom } [ 7. TH2: Tim lot dém mau] [ 8. TH3: Tim 16i nirt gach }
mau, trday, mé bién, nut trang, tr ay sang trén bién cho nhitng vét
v Y
y
[ 9. Téng hop 18i ]

Hinh 9. So db tong quat ciia qué trinh tim 13i trén mau gach

2. Giai thuat cho trudong hop 1 (TH1) tim 16i dom, trdy, mé bién, niit gach

Trong truong hop nay giai thuat sé tinh toan trén 2 anh xam ctia anh mau gach va anh gach miu can kiém tra,
hai anh nay da dugc chuan hoa cung kich thudc va quay anh twong dong vi tri hoa tiét. Xem anh mau gach can kiém tra
1a 4nh d6i tugng can xét (foreround image) ¢6 nén 1a anh gach mau (background image), ddi twong 15i 1a cac ving anh
den trén nén trang. Giai thuat dugc trinh bay chi tiét nhu ¢ Hinh 10.

v

6.1 Thuc hién trir nén murc xam trén — -
anh gach mau véi ngudng p. [ 6.5 Gian anh 1 pixel ]
v
- 6.6.Tach ddi twong bang giai thuat danh nhin, xét
[ 6.2 Nhj phn hoa anh két qua cua phép ] [ A déigtucmi B om mhht ]
trir nén :

¥ v
[ 6.3 Loai vung qua nhé va co anh 1 ] [ 6.7. Phan loai 1oi ]

v
6.4. Loai vung nhiéu la cac ving chira
cac duong thang mong

Hinh 10. So dd xu 1y tim 16i dém mau, tréy, mé bién, nit gach

3. Giai thuat cho truong hop 2 (TH2) tim 16i d6m mau tring, triy sang

Thuét toan tuong ty nhu truong hop 1 nhung do 16i 1 dang dém trang va tray sang nén ta can tién hanh 14y anh
am bang cua 2 anh xam dau vao (anh mau gach can kiém tra va anh gach mau) dé lam ndi bat dbi tuong 15i. Cac dbi
tuong 161 nay khong lién quan dén bién cua gach. Vi vay giai thuat s€ khong xét cac dbi tuong thudc bién cta anh. Gidi
thuét duoc trinh bay chi tiét nhu & Hinh 11.
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7.1 Lay anh am ban mirc xam cua
2 anh dau vao ¢
7 [ 7.5 Gian anh 1 pixel
[ 7.2 Trir nén trén gach mau ] v
v 7.6 Tach ddi twong bang danh
7.2 Nhj phan hoa anh két qua cua nhan vng lién thong
phép trir nén v
* [ 20. Loai d6i tuong nhiéu bién ]
[ 7.3 Loai vung qua nhd va co anh 1 pixel ] #
v 21. Phan loai 15i cho 4 dbi
7.4 Loai ving nhidu Ia cac ving twgng 10i 16n nhat con lai
chira cac duong thang méng
v

Hinh 11. So d xir 1y cia qua trinh tim 151 d6m mau tréng, tray sang

4. Giai thuat cho truong hop 3 (TH3) tim 161 niit gach trén bién cho nhing vét nirt mong

Thuét todn twong tu nhu truong hop 1. Tuy nhién, do dbi twong 16i nut gach la cac d6i twong thudc bién nén ta
s€ loai bo cac doi twong khac khong lién quan dén bién. Giai thuat dugc trinh bay chi tiét nhu & Hinh 12.

8.1 Trir nén mirc xam ban diu i v i
trén mau gach 8.4 Tach doi twong bang gidi
thuat danh nhan
8.2 Nhi phan hoa anh két qua cua v
phép trir nén 8.5 Loai ddi tuong khong thude
bién va xac dinh ving chira 16i
8.3 Loai ving nhiéu 1a cac ving chira cic v
dudng thang mong, ving qué nho 8.6 Phan loai 1i cho 4 dbi
3 tugng 16i 16n nhét con lai

Hinh 12. So db tong quat ctia qué trinh tim 15i nit gach trén bién

III. KET QUA THUC NGHIEM
1. Diéu kién thuc nghiém
Co s dir liéu gach miu bao gdm 15 loai mau, mdi loai mau s& dwoc ldy mau 10 anh tir thiét bi thu anh, tao
duoc téng cong 150 gach mau. Tét ca cac anh gach miu sé& dugc léy dac trung va dugc danh nhan két qua dau ra dé
phuc vu cho viéc huén luyén va kiém thtr. Cac mau gach can kiém tra s& duoc chia thanh 5 tap con:

e Tap I bao gdm cac miu gach khong co 16i nao can nhan dang. Tap nay duoc dung cho muc dich
nhan dang gach mau.
e  Tap 2 bao gdm cac mau gach c6 1 loai 15i trong s6 4 loai khiém khuyét can nhan dang.
e Tap thir i bao gdm cac mau gach c6 i - 1 loai 18i trong sb 4 loai khiém khuyét can nhan dang (i =
3..6).
2. Két qua thuc nghiém
Kiém thu hé théng béng cach cho hé théng nhan dang 16 khuyét diém trén bé mat vién gach theo tirng nhom
theo sb luogng 16i trén cac mau gach can kiém tra dé xac dinh 151, tinh toan thoi gian thyc hién cua hé théng ddi voi

ting mau gach va tung loai gach mau. Duéi day 1a mot $6 minh hoa Két qua thyc nghiém hé théng duoc trinh bay &
Hinh 13.
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Hinh 13. Minh hoa mot s6 két qua thyc nghiém hé théng.



Truong Qudc Bao, V5 Thanh Lam, V& Vin Phuc, Truong Quéc Dinh

599

O day, ching t6i minh hoa mot s6 gach mau c6 15i da kiém tra v6i cac mau gach khac nhau (mau séc, kich
thude, hoa vin khac nhau) dugce chon ngiu nhién trong co so dir liéu dé thiy dwoc tinh tong quat va tiém ning cta hé
thdng dé nghi. Thoi gian nhan dang trung binh dudi 1s cho 1 miu kiém tra.

H¢ thong lam vi€c rat tot trén cac loai gach mau khac nhau vé mau sac, d§ sang toi va phirc tap cta hoa véan.

Tuy nhién, trong mot b truong hop van co thé nhan dang thiéu hodc thira 18i nhu vi du minh hoa & Hinh 14.
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(b) Nhén dang thira 161 do mau gach
l1éch sang so v&1 mau goc

(a) Nhan dang thiéu 1 15i mé bién nho 181 nho,
mau sang nhat

Hinh 14. Minh hoa mot sb truong hop nhédn dang thiéu hodc thura 15i.
Céc han ché nay c6 thé duoc giai quyét néu chiing ta sir dung camera tot hon v6i d6 phan giai cao hon hoic
thiét ké, bd tri ngudn sang trong budng chup téi uu hon dé nhan dugce anh miu gach sic nét hon.
3. DPanh gia két qua thyc nghiém
Téng hop két qua kiém thir hé thdng dwoc trinh bay nhu & bang 3.

Bing 3. Téng hop két qua kiém thir hé théng

Py
R

S6 lwgng 13i trén gach 016i | 116i | 216i | 315i | 416i | 515i | 616i | Tong Ty 1é
S6 lugng anh miu 17 42 45 28 15 2 1 150
Nhan dang dugc mau gach 17 42 45 28 15 2 1 150

|SOwongisi [ o [4 | [8 [e0 | 10 [ 6 [202 |

Nhén dang ding miu c6 15i 17 42 42 26 13 1 1 142 | 94.67%
Efinsgfﬁgé;aiog“ co loi motphan | o | 5 | 3 | 5 | 2 | 1 | o 8 | 533%
Nhan dang sai mau hoan toan 0 0 0 0 0 0 0 0 0%
S lugng 131 nhan dang dung 0 42 84 78 52 5 6 267 | 91.44%
Sfl’a;“‘-’ng I6i nhgn dang ding mdt | o | o | 3 | 4 | 5 | 4 | o | 16 | 548%
S6 lugng 16i nhan dang thiéu 0 3 2 3 1 0 9 3.08%
S6 151 phat sinh ngoai ¥ muén 0 7 15 0 0 0 27 8.46%
S6 15i sai hoan toan 0 0 0 0 0 0 0 0%
Téng s6 16i nhan dang dung 0 42 87 82 57 9 6 283 | 96.92%
Téng s6 16i nhan dang sai 0 0 3 2 3 1 0 9 3.08%

Tir két qua thong ké trong Bang 1 chiing ta ¢6 mot sb nhan xét, danh gia vé hé thong nhu sau:

e Néu xét v& nhan dang gach miu (cac miu c6 s6 15i 1a 0) hé théng cua chung t6i nhian dang dung
chinh x4c 100%. Két qua cho thay h¢ thong nhan dang gach miu tuyét d6i chinh xac dong nghia véi
bo dic trung va cdu triic mang no-ron huin luyén do chung t6i dé xuét 1a rat phu hop véi vn dé
nghién cuu.
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e Néu xét vé nhan dang miu gach co6 18i hay khong c6 16i hé thdng nhan dang chinh xac hoan toan 142
mau gach dat ty 1& 94.67%, c6 8 mau 1a nhan dang thira hodc thiéu 151 khuyét diém va 0 miu khong
¢6 16 ma bi nhan dang ra c6 16i. Diéu nay chimg t6 hé thong hoat ddng pht hop véi thuc té. Vi trong
thuc té néu gach khong 131 bi nhan dang ra c6 13i s& khong dugc chap nhan.

e O day néu chiing ta xét van dé 1a can biét sd lugng 15i ciia timg loai 161 va xac dinh dang 16i nao
thuong xay ra dé cé thé tu vin cho cong ty c6 thé tién hanh kiém tra hodc cai tién cong doan can thiét
trong qua trinh san xuat gach men. Pong thoi néu xét tong thé tong s6 lugng 18i can nhan dang 1a 292
15i thi hé thong nhan dang dung tong cong 283 15i khuyét diém dat do chinh xac 96.92%, nhan dang
thiéu 9 131 vdi sai s6 13 8.03%. S6 11 du thira phat sinh trong qué trinh nhan dang 13 27 13i véi sai s6
13 8.46%. Két qua nay cho thiy hiéu qua nhan dang ctia hé thong 14 rat cao.

Tir cac két qua phén tich néu trén ching t6i ¢6 thé khing dinh nghién ctru budc dau da dat két qua kha quan ca
vé d6 chinh x4c nhan dang khoang 94.67% néu xét trén sé mau gach can nhan dang 15i va khoang 96.92% néu tinh trén
toan bo 18i cia co s& dir liéu. Thoi gian nhan dang mot mau gach thay ddi trong khoang tir 700ms dén 1200ms tuy theo
d6 phirc tap ctia hoa vin trén mau gach va trung binh dudi 1s cho mot 14n nhan dang.

IV. KET LUAN

Mot k¥ thuat hiéu qua dé phat hién va nhan dang khiém khuyét trén bé mit san phdm 1a yéu cau chinh cho hé
thdng phén loai chat luong san pham gach men trong san xuat cong nghiép. Nghién ctru nay dé xuat mot giai thuat xir
1y anh va nhan dang méi dé nhan dang loai gach miu va cac khuyét diém phd bién trong qua trinh san xut gach men
Ceramic. Trong nghién ctru nay, chiing t6i da dé xuat dugc bo dic trung anh va cdu tric mang no-ron phi hop cho bai
toan nhan dang gach mau. Déng thoi d xuét cac thuat toan nhan dang céc 15i thong dung trén bé mit gach men nhu
dém, trﬁy men, mé canh, m1t gach,... Thuc nghiém dugc tién hanh trén tap dir liéu 150 anh tu tao véi téng cong 292
ving tng véi 181 khuyét diém bé mat cin nhan dang va phan loai. P9 chinh x4c ciia hé théng dat duoc 13 96.92% va
thoi gian nhan trung binh dudi 1s cho mot mau gach can kiém tra da khéng dinh tinh hi¢u qua cta giai thuat duoc dé
nghi. Két qua dat dugc 1a rat hira hen cho viéc ap dung vao hé théng kiém tra chat luong san phém gach men mot cach
tu dong.

Trong tuong lai, ching t6i s& thu thap s6 liéu anh 16n hon, bd sung thém cac dang 156i khiém khuyét khac trén
bé mit gach men dé hoan thién hé thong. Pong thoi, tién hanh phan tich, so sanh véi mot sé phuong phap phat hién va
nhan dang khac nhdm thiy rd hon wu, khuyét diém cta phuong phap dwoc dé xuat. Nghién ctru, cai tién bo dic trung
anh hiéu qua hon ciing nhu st dung phwong phap phan 16p bang mé hinh may hoc vecto hd trg (SVM) dé nang cao
hiéu xudt nhan dang ciing nhu giam thoi gian thyc hién cua hé thong.

V.LOI CAM ON

Noi dung dugc trinh bay trong bai béo 1a mot phan két qua cua dé tai nghién ctru cép co s¢ do Truong Pai hoc
Cin Tho chu tri. Nhom tac gia xin chan thanh cam on Ban Giam hiéu Trudng Dai hoc Cin Tho d3 hd tro kinh phi cho
dé tai nghién ciru T2015-24 dé chung t6i c6 didu kién hoan thanh va cong bd nghién ciru ciia nhom.
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FORMAT FOR PREPARATION OF PAPER FOR PUBLICATION IN THE
PROCEEDING’S FAIR
Truong Quoc Bao, Vo Thanh Lam, Vo Van Phuc, Truong Quoc Dinh

ABSTRACT— In this paper, we propose the computer vision algorithms combined with machine learning technique to detect and
recognize defects on the surface of Ceramic Tiles. Fistly, the Ceramic Tiles will be extracted from background image and computed
proposed features set based on histogram and texture of image surface to identify the Ceramic Tiles’ template using neural network.
Next, we take substraction between testing sample and corresponding template of tile image to recognize surface defects of Ceramic
Tiles using morphology techniquies. The experiment is performed on 150 our-self images data belongs to 15 different categories
which has about 292 defects candidates need to identify. The accuracy of our system is about 96.92% and 100% of Ceramic Tiles’
template are recognized correctly. The average time recognition about Is for an image of Ceramic Tiles’ has confirmed the
effectiveness of the proposed algorithms.

Keywords— Pattern recognition, neural network, background substraction, surface defect, ceramic tiles.



