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ABSTRACT

Our investigation aims at constructing random oblique decision trees to
recognize handwritten digits. At the pre-processing step, we propose to use the
GIST descriptors to represent digit images in large number of dimensions
datasets. And then we propose a multi-class version of random oblique decision
trees based on the linear discriminant analysis that is suited for classifying high
dimensional datasets. The experimental results on MNIST dataset show that our
proposal has very high accuracy compared to state-of-the-art algorithms.

TOM TAT

Trong bai viét nay, ching i trinh bay giai thudt may hoc ring ngaNu nhién xién
phan (rODT) cho nhén dang ky tw so viét tay. Chiing toi dé xudt sir dung dac
trung toan cuc (GIST) cho bzeu dién anh ky ti s6 trong khéng gian cé s6 chleu
Iom. Tlep theo, chiing t6i dé xudt gidi thudt hoc tir ddng ritng xién phdn ngdu da
16p, méi cdy thanh vién sir dung siéu phdng phan chia dir liéu hiéu qua tai moi
nit ciia cdy dwa trén phdn tich biét ldp tuyén tinh (LDA). Viéc xdy dung cdy
xién phdn ngdu nhién vi thé tao cho gidi thudt c¢é kha ndang lam viéc tot trén dir
liéu c6 s6 chiéu I6n sinh ra tir budc tién xir Iy. Két qua thir nghiém trén tdp div
liéu thwe MNIST cho thdy rang gidi thudt rODT do chiing t6i dé xudt nhdn dang
rdt chinh xdac khi so sanh véi cdc phirong phép nhdn dang hién nay.

1 GIOI THIEU

Nhan dang chit s6 vibt tay la can thiét va duoc

tin cdy trong tit ca cac ing dung la didu khong
de dang.

mg dung rong rai trong nhiéu linh vyc nhu nhan
dang cac chir s6 trén chi phiéu ngan hang, mi sd
trén bi thu cia dich vy buu chinh, hay cac chir sb
trén cac biéu miu néi chung. Vain dé nhan dang
chir viét tay néi chung va nhan dang chir sb viét
tay noi riéng 1a mot thach thire 16n ddi v6i cac nha
nghién ctru. Bai toan 16n luon dat ra phia trudc vi
sy phuc tap cua viéc nhan dang chi viét phu
thudc nhiéu vao phong cach viét va cach thé hién
ngdn ngit ciia ngudi viét. Chung ta khong thé ludn
ludn viét mot ky tu chinh x4c theo cing mot cach.
Do viy, xdy dung hé théng nhan dang chir viét
¢6 thé nhan dang bét ctr ky tu nao mot cach dang

64

H¢ théng nhan dang thuong bao gém hai budc:
rat trich dac trung tu anh va hoc ty dong tir cac
dac trung dé c6 thé nhan dang ky tu. Hiéu qua cta
hé théng nhan dang phu thudc vao cic phwong
phép st dung ¢ hai giai doan trén.

Hau hét cac hé thong hién nay (LeCun et al.,
1998), (Simard et al, 2003), (Kégl & Busa-
Fekete, 2009) déu sir dung cac dic trung co ban
tr anh ky ty nhu duong bién, canh, d6 day, gia tri
mirc xam, haar-like, voi cac xtr Iy dac thu nhu léy
méu, dao dong cic diém anh, bién doi anh, thém
dir liéu ao. Sau do6 hé théng nhan dang huén luyén
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cac md hinh hoc ty dong nhu k lang giéng (kNN),
mang no-ron, may véc to ho trg (SVM), boosting.

Heé théng chung t6i d& xudt trong bai viét thuc
hién hai budc: str dung déc trung toan cuc (GIST)
cho biéu dién anh ky tu s trong khong gian co sd
chidu 16n (960 dic trung, chiéu cho mdi anh),
huin luyén ring xién phan ngiu da 16p dya trén
phan tich biét lap tuyén tinh (LDA), nhan dang
hiéu qua cac ky tu s6. Két qua thir nghiém trén tap
dir liéu thuc MNIST (LeCun & Cortes, 1989) cho
thdy phuong phap ching t6i dé xuit, huan luyén,
nhan dang nhanh va chinh xac khi so sanh véi cac
phuong phap hién co.

Phan tiép theo cua bai viét duoc trinh bay nhu
sau: phan 2 trinh bay ngin gon vé trich dic trung
GIST tir anh, phan 3 trinh bay giai thuat ODT cua
chung t6i dé xuét. Phan 4 trinh bay cac két qua
thuc nghiém tiép theo sau do 1a két luan va hudng
phat trién.

2 RUT TRiCH PAC TRUNG

Trong hé théng nhan dang, budc rut trich dac
trung 1a rit quan trong, anh huéng 16n dén hiéu
qua cua viéc huén luyén mo hinh hoc ty dong.
Cac dac trung ruat trich tir anh phai dat dugc muc
dich quan trong la duva trén cac dac trung d6 ma
giai thudt hoc c6 thé phén biét t6t nhat mot ky tu
s0 nay voi mot ky tu s6 khac.

Céc nghién ctru ti€n phong trong linh vyc nhan
dang (LeCun et al., 1998), (Simard et al., 2003),
(Kégl & Busa-Fekete, 2009) déu st dung cac dac
trung co ban tir mirc thap nhét 13 gia tri mic xam
cua tung diém anh, dudng bién, canh, d6 day, t6
chuc dd haar-like, den cac phuong phap xt 1y dac
biét khac nhu ldy miu, dao dong cac diém anh,
bién di anh.

Trong miy nam tré lai day, cong ddng nghién
cuu veé thi glac may tinh va tim klem anh dic biét
quan tam dén hai kiéu dic trung rat hidu qua 1a
dic trung cuc bd khong ddi (SIFT) cua (Lowe,
2004) va dac trung toan cuc GIST cua (Oliva &
Torralba, 2001). Cac véc to mo ta SIFT rut trich
tir anh c6 tinh chit quan trong 1a: khong bi thay
d6i trudc nhimg bién ddi ti 1&, tinh tién, phép
quay, khong bi thay d6i mét phan d6i voi phép
bién ddi hinh hoc affine (thay ddi goéc nhin) va
kha nang chiu dyng voi nhimg thay dbi vé do
sang, sy che khuét hay nhidu. Tuy nhién bat bién
v6i phép quay cua dic trung SIFT lai gay ra su
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bét 1oi cho nhan dang ky tu sé (s6 9 va 6 co thé
nhu nhau). Hon nita, phwong phéap SIFT cung cip
rat ngheo nan vé s6 lugng céc ddc trung tir anh ky
tu sO (it hon 10 dac trung). Trong khi d6 sur dung
dac trung toan cuc GIST thi khong gap kho khan
nhu SIFT. Chinh vi Iy do d6, chung t6i st dung
ddc trung toan cuc GIST dé giai quyét van dé
nhan dang sb viét tay. Phuong phap GIST rut
trich tir anh tap hop cac déc trung quan trong nhu
tinh ty nhién, m& rong, do nham, do chic chén,
cho phép trinh bay céu trac khong gian cia mot
canh. Dé tinh toan dic trung md ta GIST, anh dau
vao dugc dua vé dang vuong, chia thanh luéi 4 x
4, cac td chuc dd theo hudng twong tmg dugc
trich ra. Nguyén ly trich déc trung dwa vao phep
bién d6i Gabor theo cac huéng va tin sb khac
nhau. Mdi anh ky tu s6 duge rat trich cac dic
trung GIST (véc to c6 960 chidu). Sau budc trich
ddc trung ndy, tap dit liéu anh dua vé dang bang
hay ma tran ma & d6 mdi anh la mot dong c6 960
cot (chiéu), mdi ky tu sd dwoc gan nhan (I6p
tuong ing 12 0, 1, ..., 9).

3 RUNG Ng;/SU NH!EN XIEN PHAN CHO
PHAN LOP PA LOP

Budc tién xu 1y, rit trich dic trung anh ky tu
sb tao ra tap dir liéu co s6 chiéu 16n. Giai thuat
phan 16p duoc chon tiép theo sau phai co kha
nang xir 1y tot dit liéu c6 s6 chidu 16n. Mot nghién
ctru trude day trong (Do et al., 2009), chung to6i
dd dé nghi giai thuat rimg ngau nhién xién phan
RF-ODT cho phan 16p hiéu qua dit liéu c6 sb
chiéu 16n. Pay 1a sy mo rong tir RF-CART duoc
dé nghi béi (Breiman, 2001).

Hi€u qua ctiia mot giai thuat hoc nhu da nghién
ctru cda (Breiman, 1996, 2001) dya trén co s cua
2 thanh phéan 15i 1a bias va variance ma & do,
thanh phan 15i bias 1a 16i cia mo hinh hoc so véi
Bayes va variance 13 18i do tinh bién thién cta mo
hinh so véi tinh ngiu nhién cia cac mau dit lidu.
Trong nghién ctru két hop nhiéu mo hinh phan
loai thanh tap hop cac mé hinh phan loai dé cho
tinh chinh xac cao hon so véi chi mot mé hinh
don. Giai thuat RF-CART cua Breiman xay dung
mot tap hop cac cdy quyét dinh hiéu qua cao va da
dang (c6 su tuong quan thip giita cac cay thanh
vién). Bé gitr duoc bias thip, RE-CART xay dung
cac cdy dén do sau t6i da khong can cit nhanh.
Dé giit tinh twong quan giita cac cdy & mirc thap,
RF-CART st dung viéc léy mau c6 hoan lai
(bootstrap) tir tap dir liéu ban dau dé xay dung ciy
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thanh vién va chon ngau nhién mot tip con cac
thudc tinh dé tinh phan hoach tdt nhit & cac nut
trong cta cdy. RF-CART cho d¢ chinh xéc cao so
v6i cac giai thuat phan 16p t6t nhat hién nay bao
gdm Boosting (Freund & Schapire, 1995), SVM
(Vapnik, 1995). Hon nitta, né hoc nhanh, chiu
dung nhiéu tot.

Tuy nhién, vi¢c xdy dung cdy cua RF-CART
chi chon mot chiéu dé phéan hoach dir liéu tai cac
nat nhu dé nghi trude day (Breiman et al., 1984),
(Quinlan, 1993). Do d6, d9 chinh xac cua md hinh
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cdy bi giam khi lam viéc v6i cac tap dir liéu c6 sb
chidu 16n va phy thudc 13n nhau. Vi du nhu trong
Hinh 1, bat ky viéc phan hoach don thugc tinh nao
(song song voi mot truc toa do) déu khong thé
tach dir liéu mot 1an duy nhat thanh hai 16p mot
cach hoan toan ma phai thyc hién nhiéu lan phan
hoach, nhung viéc phan hoach da chiéu (xién
phan, két hop hai thudc tinh) c6 thé thuc hién mot
cach hoan hao vé6i duy nhat mét lan. Vi thé, viéc
phan hoach don thudc tinh dwoc dung dé xay
dung cay thong thuong thi khong hiéu qua trong
trudng hop nay.
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Hinh 1: Phan hoach don thudc tinh (trai), phin hoach da thugc tinh (phai)

Pé khic phuc nhuoc diém trén, nhiéu giai
thuat xay dung cdy quyét dinh st dung phan
hoach da thudc tinh (xi€n phan) tai cac nut dugc
dé nghi. (Murthy et al., 1993) da dua ra giai thuat
OC1, mot hé théng ding dé xdy dung cic cay
quyét dinh xién trong d6 dung thuét toan leo doi
dé tim mot phan hoach xién tot dudi dang mot
siéu phing. Van dé xay dung ciy quyét dinh xién
t6i uu da duogc biét nhu 1a mot van dé c6 do phuc
tap NP-hard. RF-ODT cua (Do et al., 2009) xay
dung céac cdy xién phan ngiu nhién dya trén siéu
phing t6i wu (phan hoach hi€u qua cao, kha nang
chiu dyng nhiéu tét) thu duoc tir huan luyén
SVM. Tuy nhién, viéc tim si€u phang t6i wu cua
SVM maic du hi¢u qua nhung cé do phirc tap cao.

Dé giam do phuc tap cua cai dit, ching t6i dé
xut thay thé SVM boi phan tich biét 1ap tuyén
tinh LDA, va mé rong cho van dé phan 16p da 16p
(16n hon 2). Xét van dé phan 16p nhi phan (2 16p),
y tudng chinh cia LDA (Fisher, 1936) 1a tim siéu
phing sao cho khi chiéu dit liéu 1én d6 thi do biét
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14p giita trung binh di liéu ciia 2 16p 14 16n nhét
va d6 chong lap gitia 2 16p 1a nho nhat.

o C

O

Hinh 2: Minh hoa véc to' () dung dé chiéu di li¢u
2 chieu

Mot cach ngén gon, xét mot vi du phén 16p nhi

phan tuyen tinh (hinh tron, vudng) nhu trong Hinh

2, véi m diém dit liéu x; (i=1,m) trong khong gian

n chiéu. Tap dir li€u phan lam 2 16p R; (c6 N;
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phan t), va R> (co N> phin tir). Bé tim véc to
chiéu t6i wu (w) ta can tinh nhu sau:

Trung binh (trong tim) mdi 16p:

m= S me T

IXERI 2xeR2

(1

Chiéu trong tim cua 2 16p m;, m 1én véc to w:

1
~ T T
S D) WX, =wom,
1 X;€R,
_ 1 . . 5
= T w X, =w m, ()
Nzx,-eRz

Khoéng cach giita m; va m, sau khi chiéu 1én
w (d0 biét 1ap tuyén tinh):

—m,)]| 3

Mét’d(f) phéan bd (scatter) cua dir liéu 2 16p sau
khi chiéu:

= Y-y =S Wx—wWmy =wSw @)

| m, —m, | w' (m,

yiseR %R
= Y -m)y =Y Wx—-wmy=wSw vei
VineR ek
S], Sz la:
8= D06 =m)x —m)"
xeR
Sy =D (6 =m)x —m,)" ®)
X;€Ry

Véi Sy 1a ma tran tan xa bén trong mdi 16p va
Sp 1a ma tran tan xa gitta 2 1op:

S, =85+, (6)
—m)(m, — m1)T (™)

Thi ti s6 giita do biét lap tuyén tinh va tong
mat do phan bo:

Sy =(m,

T
w Sw

(i, —t,)’ _
w'S w

37452
S+ S,

S(w)= ®)

Muc tiéu cia LDA 1a tim w sao cho cuc dai
hoa f{w), dua dén vi€c giai bai toan tim gia tri
riéng suy rong trong (9):
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SIS, w=Aw )

LDA tim siéu phing w t6i wu dé phan hoach
xién phan bang cach thuc hién céc dang thic
tuyen tinh trén. Chua y ring, siéu phing dugc cay
quyet dinh xién phan thuc hién rat nhiéu
lan cho dén nt 1a chir khong phai chi thyc hién
duy nhat mot 1an phan hoach. Chinh vi ly do do,
khi do biét lap tuyén tinh cta dir liéu khong dya
vao hai trong tdm m; va m, (truong hop dir licu
phi tuyén), cdy xién phan van xir Iy duoc tinh
hudng nay.

Tir khi bat du trinh bay giai thuat dén gio,
chung t6i chi tap trung vao van dé phan 16p nhi
phan (2 16p). Pé mé rong giai thuat cho van dé
phan 16p da 16p (c6 hon 2 16p). Véan dé chinh 1a
chung ta phai dwa bai toan vé dang 2 16p dé c6 thé
thuc hién lai LDA nhu md ta bén trén. Pé lam
dugc didu nay, chung toi dé xudt md hinh phan
cap. Gia sir tai mot nat cua cdy xién phéan, ching
ta co ¢ 16p (¢ > 2). Chung toi dé xuét tao ra 2 16p
(16p duong va 16p am), ma ¢ d6 mdi 16p c6 chira
dir liéu tir cac 16p khac. Tuc 1a nhitng dir li€u cua
cac 16p gan nhau dugc gom vao mét trong 2 16p
duong, am. bén day, dir liéu tai mot nut da tro lai
bai toan phan 16p nhi phan, ching ta c6 thé ap
dung cong thirc LDA ¢ trén. Qua trinh ctr thé tiép
tuc dén khi phan hoach hoan toan dir li¢u.

Giai thuat rimg ngau nhién xién phan (rODT)
ctia chiing t6i dé xudt cho mot van dé phan 16p tap
dir liéu m diém dir liu x; (i=1,m) trong khong
gian n chiéu, duoc thuc hién nhu mé ta trong
Hinh 3. Mot ciy quyét dinh xién (ky hiéu la
ODTy) trong rimg ngau nhién gdm k cdy duoc xay
dung nhu sau:

— Tap dir liu hoc B 1a m phan tir dir lidu
dugc 14y mau co hoan lai tir tap dir liéu ban dau.

— Tai mdi nat cia cdy, chon ngiu nhién n’
chidu (n’<n) va tinh toan phan hoach xién
phan (st dung LDA nhu mo ta & trén) dua trén n’
chiéu nay.

— Cay dugc xay dung dén do sau toi da khong
cét nhanh.

Rimg ngau nhién xién ODT phan 16p phan tir
x dua vao binh chon s6 dong tu cac phan 16p thu
dugc cta cac cay thanh vién.
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Di¥ liéu hoc
{m phan t&, n chiéu)

Bootstrap 1 Bootstrap 2 smmmie
QDT A1 oDT 2

Ham phan hoach xién 1a mét
X » ‘ X X » / siéu phang thu dwec phan
tich biét 1ap tuyén tinh LDA
n' chiéu (lay ngau nhién
N X—> X—>» khéng hoan lai t¢ n chidu
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Tap hoc

LAy méu c6 hoan lai m
/ phan 1 tir di¥ liéu hoc.

Bootstrap k

Nut trong

Hinh 3: Giai thuit rirng ngiu nhién xién phan (rODT)

4 KET QUA THU'C NGHIEM

Trong ph?m thuc nghiém, chung t6i st dung
tap dir liéu MNIST (LeCun & Cortes, 1989) cung
cip, thuong dung dé danh gia hiu qua cua giai
thuat nhén dang ky tu sO viét tay. Tap dir liéu
MNIST c6 ngudn gbc tir tip NIST do t6 chuc
National Institute of Standards and Technology
(NIST) cung cap, sau d6 dugc LeCun cdp nhat va
chia thanh 2 tap riéng biét :

— Tap hoc (huin luyén) gom cé 60.000 anh
kich thudc 28 x 28, cia chit s6 viét tay dugc dung
viéc huén luyén mo hinh may hoc tu dong. Tht ca
cac anh trong tap hoc déu dugc canh chinh va
bién d6i thanh dir liéu dang diém gém 60.000
phan tir (ky tu s6) co 784 chiéu 1a gia tri mirc xAm
ctia cac diém, 10 16p (tir 0 dén 9).

— Tap kiém tra gdm c6 10.000 anh cua ki sb
viét tay dugc dung cho viéce kiém thu, tuong tu
cac anh trong tap thir ciing dugc bién dbi va canh
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chinh thanh dir liéu diém gdm 10000 phin tir
trong 784 chiéu, 10 16p (tir 0 d&én 9).

Dé c6 thé danh gia hiéu qua cia phuong phép
dé xuit (rODT, GIST), ching t6i dd st dung
chuong trinh cua (Douze et al., 2009) dé rat trich
dic trung va dong thoi chiing t6i ciing cai dat giai
thuat rODT bang ngdn ngit lap trinh C/C++.

Ching t61 thyc hién so sanh hi€u qua cua
(rODT va GIST) véi cac giai thuat hién nay nhu
giai thuat AdaBoost.M1 (Freund & Schapire,
1995), (Witten & Frank, 05), LibSVM (Chang &
Lin, 2001), (Vapnik, 1995), mang noron tich chap
CNN (Simard et al., 2003), (O’Neill, 2006). Tat
ca cac két qua déu duoc thuc hién trén mot may
tinh ca nhan (Intel 3GHz, 2GB RAM) chay hé
diéu hanh Linux. Két qua thu dugc do chinh xac
nhu trinh bay trong Bang 1. Cac két qua tham
khao tir cac phuong phap cua (LeCun et al.,
1998), (Kégl & Busa-Fekete, 2009) ciing duogc
trinh bay trong bang.
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Bang 1: Két qua nhin dang tap Ky tw viét tay MNIST

STT Phwong phap Do chinh xac (%)
1 1-layer Neural nets (LeCun ef al., 1998) 88.00
2 Nearest-neighbor (Euclidean L2) (LeCun et al., 1998) 95.00
3 Convolution net LeNet-1 (LeCun et al., 1998) 98.30
4 Convolution net LeNet-4* (LeCun et al., 1998) 98.90
5 Convolution net LeNet-5* (LeCun et al., 1998) 99.15
6 Convolution Neural Net (CNN)* (Simard et al., 03) 99.10
7 LIBSVM (RBF, y =0, 05, ¢ = 10%) 98.37
8 LIBSVM (Poly, deg =5, ¢ = 10%) 96.65
9 AdaBoost.M1 (100 trees with C4.5) 95.95
10 Products of boosted stumps (haar)* (Kégl & Busa-Fekete, 2009) 99.12
11 rODT (100 oblique decision trees, GIST) 99.12

Hinh 4: MAu ky tu s6 ciia MNIST
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Két qua thuc nghiém cho thiy ring rODT si
dung GIST cho két qua nhan dang chinh xac
dén 99. 12%, 1a mot trong ba phwong phap nhén
dang tot nhat khi so sanh véi tat ca cac phuong
phap khac.

Di vao chi tiét két qua thu duge cua timg
phuong phap, nhimg phuong phép c6 danh déu
(*) cho biét tac gia da s dung cac xur ly dic thu
dé thu duoc két qua nhan dang tét. Thuong cac xtr
Iy nay kha phuce tap nhu trich dac trung haar-like,
1am bién dang, thay d6i dit liéu va ca cai dat giai
thuat rat phtc tap nhu mang tich chap CNN, tich
cic boosting. Ching han nhu mang tich chdp

/

\ mnist
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CNN cua (Simard et al., 2003), (O’Neill, 2006) va
cac giai thuat AdaBoost.M1 (Freund & Schapire,
1995), (Witten & Frank, 2005), thoi gian hudn
luyén mang gan 1 ngay dé dat dugc d6 chinh xac
nhu trong bang. Trong khi cac giai thuat SVM
khong can bat ky mot xu 1y dic biét nao, chi mat
thoi gian huin luyén 30 phuat (nhanh hon 50 lan),
cho do chinh xac gan tuong duong (thap hon
0.5%). Giai thuat rODT cén thoi gian huén luyén
khoang 15 phut (nhanh hon 100 1an so v&i mang
tich chap) van cho do chinh xéc trong top 3. Quan
trong 1a rODT rat nhanh, don gian, dé cai dit va
tich hop vao chuong trinh.

X

4

Hinh 5: Chwong trinh nhan dang ky tu s (rODT, GIST)

5 KET LUAN VA HUONG PHAT TRIEN
ChﬁnNg toi vira trinh bay gidi thuat may hoc

rung ngau nhién xién phan (rODT) su dung cac

dac trung toan cyc (GIST), cho phép nhan dang
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chinh xac ky tu sé viét tay. Budc tién xir 1y trich
dic trung toan cuc tir anh ky tu sé cho ra bang dir
lidu c¢6 s6 chiéu 16n. Chung t6i dé xuét giai thuat
hoc tu dong ring xién phan ngiu da 16p, mdi cay
thanh vién str dung siéu phing phéan chia dit liéu
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hiéu qua tai moi nat cta cdy dua trén phan tich
biét 1ap tuyén tinh (LDA). Két qua thor nghiém
trén tap dir liéu thuc MNIST cho thiy rang giai
thuat rODT do chung t6i dé& xuét nhan dang rat
chinh xac khi so sanh véi cac phuong phép nhan
dang hién nay. Phuong phap dé xuit dat hiéu qua
nhan dang chinh xac cao nhung khong cin bt cir
xtr ly dac biét nao. Céc thir nghiém cho nhan dang
ky tu viét tay gdm ky tu sb va 26 ky tu alphabet
cho thdy phuong phép cua chung toi that sy tot.
Trong tuong lai gan, ching t6i két hop hé théng
nay voi cac phuong phap khac cho phép trich, doc
sO xe.

Hudng tiép can co6 thé ap dung vao cac van dé
tuong ty trong linh vyc nhén dang, phan 16p, tim
kiém anh.
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