TAP CHI KHOA HQC PAI HOC VAN LANG Nguyén Thu Nguyét Minh va tgk

MOT SO VAN PE TRONG NHAN DIEN CHU SO VIET TAY
SOME ISSUES IN HANDWRITTEN DIGIT RECOGNITION
NGUYEN THU NGUYET MINH®™, TRA VAN PONG *” va NGUYEN ANH TUAN®™"

TOM TAT: Nhin dién chir s6 viét tay (Handwritten Digit Recognition) la mot ky thudt iing
dung cdc thudt todn mdy hoc ding dé nhdn dién va phdn 16p chit so viét tay duéi dang
hinh anh. Mét so thudt todn mdy hoc phé bién hién nay bao gom K Nearest Neighbors
(KNN), Support Vector Machine (SVM), Stochastic Gradient Descent, Artificial Neuron
Network (ANN), Hidden Markov Model (HMM) Trong pham vi nghién citu, tac gia chi
dé cdp cdc van dé lién quan den do chinh xdc ciia mot so thudt todn da thuc nghiém.

T khéa: nhdn dién chiv so viét tay, histogram cdc gradient dinh hwdng, tip div liéu
MNIST, thw vién OpenChv.

ABSTRACT: Handwritten digit recognition is a technique that using machine learning
algorithms for recognizing and classifying handwritten digits in form of an image. Some
algorithms are popularly used in such tasks that consist of K nearest neighbors (KNN),
support vector machine (SVM), stochastic gradient descent, artificial neuron network
(ANN), Hidden Markov Model (HMM) and so on. In this paper, we discuss some issues
that affected on the precision of implemented algorithms in our application.

Key words: Handwritten digit recognition, Histogram of Oriented Gradients, MNIST,
OpenCuv.

1. DU LIEU HUAN LUYEN
1.1. Mnist

Dit liéu gdm 70.000 mAu chir sb viét '2 ")

tay, mdi mau 1a mot anh grayscale kich

thude 28x28. Gém: é
Chit sb S6 mau 7 f

0 6.903
1 7.877
2 6.990 Hinh 1. Minh hoa mét s6 mau chir sé duoc trich ra
3 7.141 tu tap dit liéu MNIST
g 2:2?: 1.2. Opencv-digits
6 6.876 Dir liéu 1a mdt anh grayscale chtra
7 7.293 5.000 mau chit sd viét tay, mbi mau 1a mot
8 6.825 anh kich thudc 20x20, mdi chit sé viét tay
9 6.958 gdm 500 mau.
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Hinh 4. Mot phan mang dic trung tho (trai) cuia anh chit s6 9 (phai)

2.2. Pac trung hog (Histogram of
Oriented Gradients features)

La mot vector mo ta dac trung ciia mot
d6i twong. Hog chi biéu dién nhimng thong
tin htru ich (dac trung) cia mdt hinh dnh
bang cach loai bé nhimng thong tin thira c6
thé gy nhiéu. Véan dé 1a thé nao 1a “théng
tin hitu ich”’? Gia sit chiing ta mudn tim nat
4o trong mot anh. Nut 4o c¢d hinh tron, doi
khi do goc chup c6 thé cho nut 4o c6 hinh
ellipse. Nut 4o thudng c6 mot s 16 dé khau
vao 40. Néu chi don thuan chi dua vao hinh
hoc dé phat hién nut do trong mot anh co
thé nham 13n v6i cac ddi tuong khac co
cung dang hinh hoc véi nut 40. Céc 16 trong
nat 4o s& 1a “thong tin hiru ich” dé phan
bi¢t gitrta mot cai nut 4o vdi cac ddi tuong
khac c6 cung dang hinh hoc. Trong Hog,
dac trung duogc rat ra to anh 1a sy phan bd
cac gradient cua cac pixels.
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Gradient ciia mdi pixel gom 2 dai
luong: mat do mau (cuong do gradient) va
huéng gradient. P6i voi anh mau ¢ nhidu
channel, cuong do gradient ctia moi pixel 1a
gia tri cuong do gradient 16n nhat trong s6
cac channel tai pixel d6. Huong gradient tai
mdi pixel 1a huéng cé cudng do gradient
tang lon nhat. Hinh 5 minh hoa gradient tai
moi pixel, trong d6 miii tén xanh biéu dién
huéng gradient, mau sang t6i twong trung
cho cuong do gradient.

Hinh 5. Hai dai luong gradient ciia mdi pixel trong

anh
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Cac buoc tinh Hog:

Buwéc 1: Tién xir Iy anh: Xac dinh ving can
tinh Hog; Cat ving anh can quan tim; Piéu
chinh kich thudc.

100 x 200

Anh géc : 720 x 475

Hinh 6. Tién xtr 1y anh: cit viing quan tam va diéu
chinh kich thudc

Buwoc 2: Tinh todn anh gradient
Dung b loc Sobel (Sobel filter) véi 2
-1
0
1 1 1
gradient theo chieu x (gx) va chiéu y (gy) ¢
moi pixel. Sau do, tinh cuong do gradient
va hudng gradient (quy ra goc) theo céc
cong thuc sau:

kernel [-1 0 1] va dé tinh xap xi

g =+9%+ g% (Cong thic2.1)
0= arctanz—y (Cong thuc 2.2)

Hinh 7. Anh tréi: anh gradient theo chiéu x. Anh
gitra: anh gradient theo chiéu y. Anh phai: anh
cuong do gradient
Buwoc 3: Tinh Histogram cdac gradient
trong cac cell 8x8: Chia anh thanh cac cell

8x8. P61 voi anh mau, néu moi pixel cod 3

gia tri mau, thi moi cell 8x8 pixel s& co
8x8x3 = 192 gia tri. Néu dung gradient,
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modi cell 8x8 chi co 8x8x2 = 128 gia tri. 128
gia tri nay lai duoc biéu dién bang mot
vector 9 bins (9 sd) twong tng v6i 9 goc 0,
20, 40, 60,... 160 tuong trung cho hudng
gradient. Nhu vay néu biéu din mot anh
bang gradient s& giam duoc s dir lidu can
tinh toan.

2 3 4 43 422
5 M1 0 3 4
M2 W24 b
23 99 165135 85 32 26 2
91 155 133 136 144 152 57 28
98 196 76 38 26 60 170 51
165 60 60 27 77 85 43 136
71 13 34 23 108 27 48 110
Gradient Magnitude
803 5 100 60 07
7 8 9 17978 27 160 166
|87 136 173 30 102 163 152 178

76 13 1 168159 22 125 143

150 145 144 145 143

1170 91 4 110 17 133 110
Gradient Direction

Hinh 8. Chia anh thanh nhiéu cell 8x8 va tinh cac
dai luwgng gradient cho cac cell nay

36 su B4 90 T3 @3 4 3 4 2 2
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Hinh 9. Histogram gradients

Hinh 9 minh hoa céach biéu dién
histogram céac gradients dua trén cuong do
va hudng gradient céc pixels trong mdt cell
8x8. Pixel & vi tri a;; (khoanh tron xanh
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duong) co6 gia tri goc 6 = 80 (hudng
gradient), gid tri cuong do gradient g = 2, ta
dua gia tri g = 2 vao bin80 trong vector
histogram. Pixel ¢ vi tri a;4 (khoanh tron
do) co gia tri goc € = 10, gia tri cuong do
gradient g = 4, 10 nam giira bin0 va bin 20,
khoang cach tr 0 = 10 = 10, ti I¢ 10/20 =
0.5, khoang cach tr 10 - 20 = 10, ti 1&
10/20 = 0.5 nén gia tri cuong do gradient g
= 4 phéan bd déu cho hai bin 0 va bin 20,
moi bin co gia tri 4x0.5 = 2. Pixel & vi tri
aze (khoanh tron xanh 14) c6 gia tri goc 6 =
165, cuong do gradient g = 85. Trong
histogram 9 bins géc 0° ~ 180° nén géc
165° ndm gitra bin160 va bin0, khoang cach
tu 160 = 165 =5, ti I¢ 5/20 = 0.25, khoang
cach tir 165 = 180 (~0) = 15, ti I¢ 15/20 =
0.75. Do khoang cach tir 165 = 160 gan
hon nén trong sé phan bd vao bin160 s& 1a
0.75, trong s6 phan bd vao bin0 s& 1a 0.25.
Binl60 s€ nhéan gia tri 85x0.75 = 63.75,
bin0 nhén gia tri 85x0.25 = 21.25. O budc
trude bin0 da cé gia tri 1a 2, nén bin0 s€ co
gid tri 1a 2 + 21.25 = 23.25.

Lan luot tinh cho tit ca cac 6 trong cell
trén, chdng ta dugc biéu dd histogram nhu
Sau:

Hinh 10. Biéu db histogram

Budc 4: Chudn héa khéi 16x16: Gradient
cia mot anh rat nhay cam véi cac ving co
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anh sang chdong 1an nhat 1a anh thiéu sang,
do d6 dé giam d6 anh hudng cua yéu té anh
sang 1én gradient (dong nghia véi giam
nhiéu) ta cn chuan hoa gradient. Xét mot
vi du vé chuin héa nhu sau: gia sor mot
pixel co gia tri mau RGB la [128, 64, 32].

Chiéu dai vector  trén sé la:
V1282 + 642 + 322 = 146.64, vector
duwoc chudin héa L2 s& 1
[ o 2] = [0.87,0.43,0.22]
146.64 " 146.64 146.64

Trong budc ndy, thay vi chuan hda
vector histogram cua ting cell 8x8, ching
ta s& chuan hoa vector histogram cho timg
khéi 16x16, mdi khdi s& c6 4 cell 8x8, tirc
s& c¢6 su chong lan gitra cac khdi. Mot cell
8x8 cd vector histogram kich thudce 9x1, do
d6 mot khoi 16x16 s& co vector histogram
kich thuéc 36x1.

Lan luot truot cira s6 16x16 va tinh
vector histogram cho timg khdi tir trai sang
phai va tir trén xudng dudi, mdi bude trugt
8 pixel cho dén khi hét hinh.

Hinh 11 minh hoa mdt budc truot ctra
50 khéi 16x16.

Hinh 11. Cua sd trugt 16x16
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Tinh vector dic trung HOG
GOp tat ca vector 36x1 vao thanh mot

vector 16n hon ¢é kich thudce: Co 7 vi tri
ctra s6 truot theo chiéu ngang va 15 vi tri
cira sO truot theo chiéu doc, té)ng cong co
7x15 = 105 vi tri; Mdi khdi 16x16 dugc
biéu dién bang mdt vector 36x1, néu gop
105 vector 36x1 vao thanh mot vector 16n
hon sé€ dugc vector ¢o kich thude 36x105 =
3780x1.

L & s 4+ + & & x 3

Hinh 12. Biéu dién vector Hog cua céc cell 8x8

Hinh 12 minh hoa biéu dién vector dic
trung Hog 9x1 dd dugc chuin héa cua céc
cell 8x8. Nhan thiy quanh vung than va
chan cua van dong vién, hudng chu dao cua
cac vector xoay bao quanh vung nay.

3. KET QUA MOQT SO THU'C NGHIEM
3.1. Thue nghiém kiém tra d9 chinh xac
thuat toan

Thuc nghiém 1: Thuat toan: KNN; D
ligu: Opencv-digits. 50% dit li¢u dugc dung
lam tap huén luyén, 50% dir li¢u dugc dung
lam tap test; Pidc trung: ddc trung tho; Két
qua: dg chinh xac 91.76%.

Thuc nghiém 2: Thuat toan: KNN; D
ligu: Opencv-digits. 50% dir liéu dugc dung
lam tap huén luyén, 50% dir liéu duoc dung
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lam tép test; Pac trung: dic trung Hog; Két
qua: do chinh xac 92.88%.
Thuc nghiém 3. Thuat toan: SVM; D
ligu: Opencv-digits. 50% dir liéu dugc dung
1am tap huén luyén, 50% dir liéu duoc dung
lam tép test; Pac trung: dac trung tho; Két
qua: do chinh xac 90.44%.
Thuc nghiém 4. Thuat toan: SVM; Dir
ligu: Opencv-digits. 50% dir liéu dugc dung
1am tap huan luyén, 50% dir liéu dugc ding
lam tap test; Pac trung: ddc trung Hog; Két
qua: d6 chinh x&c 93.8%.
3.2. Ung dung nhin dién sé bio danh
trén phiéu tra 10i tric nghiém

Trén Phiéu tra 10i tric nghiém, phan
ghi thong tin sd bao danh cua thi sinh gdm
2 phan: phan danh sd bao danh bang cach
t6 cic chdm tron trén cac chit s6 va phan
ghi s6 bao danh bang tay. Hinh 13 minh
hoa mot mau Phiéu tra 1oi trac nghiém.

PHIEU TRA LO1 TRAC NGHIEM
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Hinh 13. Mau Phiéu tra 16i tric nghiém
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Muc dich xay duyng tng dung 14 nham
loai bo cac Phiéu tra 16i trac nghiém khong
hop 1& do sb bao danh dugc ghi bing
phuong phap cham tron khong khop véi sb
bao danh duoc ghi bang cach viét tay.

Dit ligu: Tap du liéu MNIST; Ddc trung:
bic trung HOG; Thudt toan: Thuat toan
may hoc: SVM, thuit toan trién khai ung
dung: Thuat toan 3.1
Thudt todn 3.1: Input: anh scan Phiéu tra
10i tric nghiém; Output: tip cac sb bao
danh da dugc nhan dién: 1). rois = cac chir
s6 bao danh viét tay trén Phiéu tra 10i trac
nghiém; 2). for each roi in rois; 3). Chuyén
roi sang anh grayscale; 4). Xac dinh cac
vung contour trong roi; 5). Loai cac
contour nhiéu, chi 1y contour ¢ dién tich
16n nhét; 6). Scaling contour dua trén kich
thudc contour; 7). Resize contour 28x28;
8). Tinh vector Hog cho contour; 9). Nhan
dién contour bang thuat toan SVM; 10).
end for.
3.2.4. Mt sé két qua

0. SG bao danl
4140

-Te

=]

= G
o =

Qe |OK

9 S bao dan _
SIS
9. S bao danh
i
9. S& bg}o dﬂanh ~
glaglr|i[Q

9. SO bao danh

Hinh 14. Mot s6 két qua thuc nghiém
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3.2.5. Phén tich mjt s6 nguyén nhén dnh
hwéng dén két qua.

Su khdc biét vé hinh dang chir Viét ciia
nguoi Viét Nam va nguoi phuong Tady

Vi du, trong dir li¢éu Opencv, da s6 b 1
thuong duoc viét chi bang mot nét di xudng

n, ngudi Viét Nam thuong c¢6 cach viét sb
1 ¢6 chan va mdt nét di 1én trude khi bat
dau nét di xudng . Theo théng ké trong
bd dir liéu Opency, ) II chiém ti 1&
479500, s6 A chiém ti 16 21/500. Mot
truong hop khéc 13 sd 7, trong khi sb

chiém 435/500, s6 Il chi chiém 65/500.
Chi viét nguéch ngoac, cdch diéu

o

Vidu: X, 3

Qua trinh xac dinh contour chwa chinh
xac: Contour hiéu mot cach don gian la
duong ndi doc theo bién tat ca cac diém
lién tuc cung mau va cung cuong do. Hinh
15 minh hoa két qua xac dinh contour s6
bao danh ctia mot Phiéu tra 16i tric nghiém.
Puodng vién xanh trong anh trén 13 contour
cac chit s6 xac dinh dugc, anh bén dudi 1a
contour da duoc cit ra va chuyén sang anh
grayscale. Mot sd chit s6 sau khi dugc 1y
ra tir két qua xac dinh contour da bi mét
mot s6 nét & bién.

J10/0/ 4k 0
O EN ZAF @

Hinh 15. Két qua cit chit sb tir contour

Nét chir khéng déu: Nét chit khi viét
khong déu nhit 13 & cac nét cudi. Nét
khong déu din dén két qua chuyén sang
anh grayscale bi mat mot sd nét hodc nét
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dam nhat khac nhau. Hinh 16 minh hoa két
qua chuyén sang anh grayscale ctia mot sb
chir s6 c6 nét khong déu.

N

Hinh 16. Anh grayscale nét chit khong déu

Hinh 17 cho thiy, s6 9 c6 nét khong
déu & trén dé nhan dién thanh s6 0 hon la
nhén dién sb 9.

5 10 15

20 25

5 10

15 20 25

Hinh 17. Anh phong to so sanh chir s6 9 nhan dugc
tir contour (trai) va mot mau chit s6 0 va 9 tir bo dir
liéu MNIST (phai)

TAI LIEU THAM KHAO

4. KET LUAN

Nhian dién chit s6 viét tay la mot tién
trinh phu thudc vao nhiéu nhom yéu t6 nhu:

Nhom yéu to ky thugt: Thuat toan may

hoc; Thuat toan xur ly anh.

Nhém yéu té phi kj thudt: Chit luong
di liéu phuc vu cho may hoc; Chat lugng
mau can nhén dién.

Ung dung nhén dién chir s6 bao danh
doi héi do chinh xac 100% la mot bai toan
kho. Co6 thé nang cao do chinh xac ung
dung thong qua nhom yéu té ky thuat nhu:
diéu chinh cac tham sd thuat toan, cai tién
thuat toan hodc phat trién cac thuat toan
moi.

Pbi v6i nhom yéu té phi k¥ thuat, c6
thé cai thién nhu: D liéu phuc vu may
hoc: ngoai cac bo dir liéu da néu ¢ trén, cod
thé bo sung hodc xay dung bd dir liéu riéng
phtt hop véi hinh déng chit sé viét tay ciia
ngudi Viét Nam; Di véi viéc cai thién chét
luong mau can nhan dién co thé: s dung
viét chi chat luong cao dung dé viét sé bao
danh; Phiéu tra 10i tric nghiém khong duoc
nhin dé& 1am mat nét & cic nép nhan,...
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