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ABSTRACT

Our investigation aims at classifying fingerprint images. At the pre-processing step, we
propose to use the Scale-invariant feature transform method (SIFT) which is locally
based on the appearance of the object at particular interest points, invariant to image
scale, rotation and also robust to changes in illumination, noise, occlusion. And then, the
representation of the image that we use for classification is the bag-of-visterms (BOV),
which is constructed from the local descriptors by counting the occurence in a histogram
like fashion. The pre-processing step brings out datasets with a very large number of
dimensions. Finally, we propose an extended version of our random forest of oblique
decision trees that is usually suited for classifying very-high-dimensional datasets. We
have setup experiment a real dataset to evaluate performances. 480 fingerprint images
were collected from 15 colleagues. Our fingerprint classification system has achieved an
accuracy of 99.79%. The experimental results showed that our random forest of oblique
trees algorithm (RF-ODT) outperforms state-of-the-art some of other algorithms.

Keywords: fingerprint classification, scale-invariant feature transform, random forest
of oblique decision trees

Title: Fingerprint classification using Random forest of oblique decision trees and the
Scale-invariant feature transform method

TOM TAT

Nghién ciru trinh bay mot phwong phap phan loai anh vin tay moi va dang tin cdy dwa
trén sw két hop gitta phwong phap biéu dién anh bang cdc nét dic trung khong doi (SIFT)
va ring ngau nhién xién phdn (RF-ODT). Sy két hop nay dwgc giai thich theo hai Iy do.
Cac vécto mo ta SIFT khong bi thay doéi trude nhiing bién doi ti 1@, tinh tién, phép quay,
khéng bi thay déi mét phan doz véi phép bién doi hinh hoc affine (thay doi goc nhin) va
manh voi nhimg thay doi vé do sdng, su che khudt hay nhiéu. Sau bude tién xir Iy, anh
diege biéu dzen bdi mét vécto ¢6 sé chiéu rat Iom, do do ching téi dé nghi mo rong va sir
dung rirng ngau nhién xién phan - dwoc biét dén nhir mot trong nhitng lwa chon tot dé hoc
va phan logi dir liéu co $6 chiéu I6n. Pé danh gid hiéu qua, chung toi swr dung thiét bi doc
ddu van tay dé thu thdp 480 anh van tay tir 15 dong nghiép ¢ truong Pai hoc Can Tho.
Sau khi tién hanh tién xit Iy dwa trén co s¢ vécto mé ta SIFT, gidi thudt rung ngau nhién
xién phdn cia ching t6i da phdn logi chinh xdc dén 99.79% (chi nham lan duy nhdt 1
danh, véi nghi thirc kiém tra chéo). Ket qua nay cho thdy hé thong rdt dang tin cdy. Hon
nita, giai thudt mo rong cua rung ngau nhién xién phdan nhw da dé nghi cho két qud phdn
[6p anh van tay chinh xdac hon mot so giai thudt hoc khdc.

Tir khéa: phin logi anh vin tay, vécto mé ti SIFT, rieng ngdu nhién xién phin
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1 GIOI THIEU

Nhan dang van tay la tng dung phd bién trong nganh nhan tric hoc. D3 tir 1au, dau
van tay da duoc sir dung dé nhan dang mot cd nhan nao dé do tinh duy nhét va
nhét quan cta n6. Théi quen sir dung ddu van tay dé nhan dang ca nhan dugc sir
dung tur thé ky XIX khi ma Francis Galton xac dinh dugc mot sb dic diém cua dau
van tay. Dén thap nién 1960, khi cac cong nghé may tinh phat trién ram ro thi ciing
1a luc van tay duoc xac dinh mot cach tu dong. Nam 1969, Cuc diéu tra lién bang
(Federal Bureau of Investigation - FBI) phat trién hé thong tu dong hoa qui trinh
nhin dang van tay. Vi vy, FBI ky hop dong véi Vién tiéu chuin va cong nghé
(National Institute of Standards and Technology - NIST) dé nghién ctru qué trinh
phan loai, tim kiém va so sanh vén tay tu dong. Nam 1975, FBI tai tr¢g vi¢c phat
trién céc may quet van tay dé phan loai ty dong va cong ngh¢ rut trich cac chi tiét
quan trong dé ché tao mot thiét bi doc thir nghiém. NIST tap trung vao phat trién
cac phuong phap s6 hoa ty dong dau van tay in trén gidy, anh hudng cua chat
luong hinh anh, phén loai, rat trich cac chi tiét quan trong va phuong phap so sanh.
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bifurcation
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island
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Ending Bifurcation

Hinh 1: Dic trung cta anh van tay dung cho nhian dang

Hau hét cac hé théng nhan dang diu van tay hién nay nhu Libfprint [7] va
Fingerprint SDK [9] déu duya trén hai loai dic trung chinh ciia anh van tay: (i) diém
ky di (singularity) gom vung xoay (core), vung tam giac (delta), dao (island), diém
giao nhau (crossover), 16 hong (pore) va (ii) diém chi tiét (minutiae) gom d‘zem ket
thic (ridge ending), diém ré nhanh (ridge bifurcation) (xem Hinh 1). Chi tiét vé
nhan dang van tay va cic cong trinh lién quan c6 thé tim thay trong [11, 14, 18].
Tuy nhién, viéc st dung cac chi tiét dic trung nhu hién nay van con kho khan vi
anh thu duoc thuong kém chét luong, két qua nhan dang khéng tét khi anh bi bién
d6i hinh hoc hay bi léch.

Hé théng phan loai van tay ma ching t61 mudn trinh bay & day co thé cho két qua
t6t hon, duoc tiép can hoan toan khac tir sy két hop gitta phuong phap biéu dién
anh bang cac nét dic trung khong d6i SIFT [12, 13, 16] va sy mé rong cua giai
thuat hoc rimg ngiu nhién xién phan RF-ODT [6]. Y tudng xuét phat tir mo hinh
phan tich dir liéu van ban véi i tr (Bag of words - BOW). Trudc tién, anh van
tay duoc chuyen qua dang murc xam. Sau do, cac diém dic trung (khong bi thay
d6i voi nhitng bién d6i ti 18, tinh tién, phép quay va manh véi nhitng thay d6i vé do
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sang, su che khuat hay nhiéu) dugc tinh trén cac anh nay va dugc biéu dién boi cac
vécto mo ta SIFT 128 chiéu. Cac vécto nay duge phan nhoém vao cac cum (cluster)
trong tmg voi cac tir tryc quan (visual words) boi giai thut k-means [15]. Tap cac
cum nay tao thanh mot tur dién tur vung va moi vecto mo ta trong anh s€ dugce phan
nhom vao cum gan nhat. Sau ciing, mdi anh duoc biéu dién béi vécto tan sd cac tir
vung (md hinh Bag of visterms — BOV). Budc tién xtr 1y s& cho ra cac tap dit liéu
c6 s6 chiéu 16n (thuong 16n hon 1000). Do vay chung t6i st dung giai thuat phan
16p rung ngau nhién Xlen phan RF-ODT, giai thuat nay thuong phu hop voi cac bo
dir liéu c6 s0 chiéu rat 16n. Hon nita, chung t6i ciing thay thé luat quyét dinh binh
chon sb dong & nat 14 cua cdy xién phan boi luat quyét dinh cuc b cho phép 1am
viéc hiéu qua cho phan 16p anh van tay. Két qua thir nghiém chi ra rang hé thong
phan loai van tay cua ching t6i dat dugc d6 chinh xac dén 99.79%. Két qua nay
cho thdy hé thong phan loai anh van tay cua chung toi rat dang tin cdy. Hon nita,
giai thuat mo rong ciia rimg ngau nhién xién phan do chung t6i dé nghi cho phan
16p anh van tay chinh xac hon cac giai thuat hoc khéac, bao gdm ciy quyét dinh
C4.5 [19], ring ngiu nhién [3] cua cdy quyét dinh CART [4] (RF-CART),
AdaBoost [8] ciia C4.5, may hoc vécto hd tro [21] (SVM) va k-lang giéng (KNN).

Phan con lai cta bai bao duoc t6 chirc nhu sau. Phan 2 mé ta phuong phap biéu
dién anh van tay va vécto mo ta SIFT. Sau d6, gidi thuat rimg ngau nhién xién
phén RF-ODT va su mé rong cua giai thuat 1an lugt duoc gidi thiéu tom tat trong
phan 3. Cubi cung, két qua thyc nghiém dugc trinh bay trong phan 4 trude khi néu
két luan va hudng phat trién trong phan 5.

2 BIEU DIEN ANH

Bleu dién anh 1a mot budc quan trong trong phan loai anh. Budc nay c6 anh hudng
rat 16n dén két qua phan loai cudi cung. Hai tiép can chinh vé biéu dién anh hién
nay la: st dung nét dic trung toan cuc (global features) nhu vécto bitmap, t6 chirc
d6 mau (color histogram) va st dung nét dic trung cuc bd (local features) nhu
diém dic trung, ving dic trung dé biéu dién anh. Tiép can thir nhat don gian
nhung lai khong that su hiu qua vi cach biéu dién nay khong thich hop véi nhiing
bién d6i vé goc nhin, blen doi ti 18, phép quay, do sang, su che khuat, sy bién dang,
sy xdo tron cua hinh nén va su bién doi trong ndi bd 16p (intra- -class variation).
Nguoc lai, tlep can thr hai duogc dé nghi baoi [20], lai rit manh véi nhiing thach
thirc nay va dat duogc hi€u qua cao trong phan loai anh, phat hién anh va nhan dang
anh. Vi vy, phuong phap cta ching toi sir dung cac nét dic trung cuc bd dé biéu
dién anh dugc chup trong nhiéu diéu kién khac nhau. Nghién ctru cia chung toi
dya trén mdt mo hinh trong phan tich van ban: mé hinh tui tir (bag of words
model). Pé c6 thé 4p dung mo hinh nay 1én anh, trude hét can phai dinh nghia cac

tir” cho anh (goi 14 cac tr triwec quan hay visual words dé phan biét véi cac tir
thong thudng trong van ban). Giai doan biéu dién anh theo mé hinh nay bao gom 3
budc chinh: (i) phat hién va biéu dién cic nét dic trung cuc bo, (ii) xay dung tu
dién céac fir trire quan va (iii) biéu dién anh dudi dang vécto tan xuat.

O budc dau tién, anh duge dua vé dang muc xam. Céac diém dic trung (Hinh 1)
duogc tinh trén nhitng anh nay bang cach sir dung cac giai thuat phat hién diém dic
trung cuc bd (local feature detector) nhu la Harris-Affine, Hessian-Affine [16].
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Nhitng diém dic trung nay co thé 1a cuc tri cuc bd cua phép toan DoG (Difference
of Gaussian) hoac la cuc dai cua phép toan LoG (Laplace of Gaussian). Sau do,
vung xung quanh cac diém dic trung dugc xac dinh va mo ta bang cac vécto mo ta
cuc bo. Vécto mo ta SIFT (Scale Invariant Feature Transform) [12] duoc danh gia
rit cao boi gii chuyén mon trong viée biéu dién cac ving xung quanh diém dic
trung boi vi nd khong ddi dbi v6i nhitng bién doi ti 18, tinh tién, phép quay, va
khong d6i mét phan v6i dbi v6i nhitng thay ddi vé goc nhin, déng thoi né ciing rat
manh v6i nhitng thay doi vé do sang, su che khuét, nhiéu.

Hinh 2: Céc diém dic trung dwoc phat hién béi giai thuat Hessian affine

Hinh 2 minh hoa mdt vi du cta vécto mo ta SIFT dugc xay dung tur vung cuc bd
xung quanh mot diém dic trung. Mdi vécto mo ta 1a mot ma tran 4x4 cac to chic
d6. Mbi to chirc d6 co 8 khoang tuong tng véi 8 hudng. Do do, mdi vécto mo ta
SIFT 1a mot vécto 4x4x8=128 chiéu. Luc ndy, mdi anh duoc biéu dién bi mot tap
cac vécto mo ta SIFT.
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Hinh 3: Pic trung cuc by SIFT dwgc tinh toan tir viing xung quanh diém dic bi¢t (vong
tron): gradient cia anh (trai), vécto mo ta (phai)
bé xay dung tur dién cac tr truc quan, ta phan cac vécto SIFT vao cac cum
(cluster) bang giai thuat k-means [15]. Mbi cluster twong tGng v&i mot e truec
quan. Tép céc cluster nay tao thanh mot tir dién. Sau cung, mdi vécto mé ta trong
anh s& duoc gan vao cluster gan nhat. Pém sb lugng cac vécto duoc gan vao cac fir
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truc quan tuong ung, ta thu duoc mot vécto tan xuat mo ta sy xuat hién cua cac twr
triec quan trén anh. Anh s€ dugc biéu dién bang vécto tan suat nay.

3 RUNG NGAU NHIEN XIEN PHAN

Budc tién xur Iy anh van tay s€ tao ra tap dir liéu co s6 chiéu rat 16n (hon 1000
chiéu). Giai thuat phan 16p duogc chon tiép theo phai c6 kha niang xir 1y tét dir lidu
c6 s6 chidu 16n. Mot nghién ctu trude day trong [6], ching t6i da dé nghi dung
giai thudt rimg ngdu nhién xién phan (RF-ODT) duoc biét dén nhu 1a mot giai
thuat hiéu qua cho viéc phan 16p dit liéu c6 s6 chiéu 16n. Day 1a sy mé rong tir RF-
CART dugc dé nghi boi Breiman [3]. Giai thuat RE-CART dugc phat trién trén
tuong cua Bagging [2], phuong phap tiép can khong gian con ngau nhién cla
[1, 10]. Tiép can Bagging cua Breiman, tip hop cac cay quyét dinh [4, 19] duoc
xdy dung tir viée 14y miu dung bootstrap — 14y mau c6 hoan lai tur tap dur liéu ban
dau. Sau d6 két hop két qua du doan cua cac cdy, bau chon so déng cho van dé
phan loai. Ho [10] cling dua ra phuong phap khong gian con ngau nhién — trong do
chon ngau nhién mot tap con cua cac thudc tinh dé phat trién mdi cay. Amit va
Geman [1] dung viéc chon ngau nhién cac thugc tinh dé tim kiém phan hoach tt
nhat tai mdi nut. Cu01 cling, cac tiép can nay dugc md rong va chinh thirc duoc
dung trong ring ngau nhién cia Breiman [3]. Giai thuat RF-CART ctia Breiman
xay dung mot tap hop cac ciy quyét dinh hiéu qua cao nhung c6 su twong quan
thap gitra cac cdy thanh vién. Breiman da dé nghi dung hai chién lugc dé giir bias
thap (sai 1éch thap) va su phu thudc giira cac cay trong rimg thap. Pé dat dugc sai
1éch thap, 6ng dé nghi xay dung cac cay dén do siu tdi da khong can cit nhanh. Dé
giit tinh twong quan gitta cac cdy & mic thap, 6ng dé nghi sir dung viéc lay mau co
hoan lai (bootstrap) tir tap dir liéu ban dau dé xdy dung ciy thanh vién va chon
ngau nhién mot tap con cac thudc tinh dé tinh phan hoach t6t nhit & cac nit trong
clia cdy. Xét mot tic vu phan loai véi m phan tir dit liéu xi (i = 1,m) va n chiéu
(thudc tinh), mot cay quyét dinh (ky hiéu 1a DT) trong rimng ngau nhién gom k cay
(ky hi¢u RF = {DTi}i=1k) dugc xay dung nhu sau :

~ Tap dit liéu hoc 13 m phan tir dir liéu duoc 1dy mau c6 hoan lai (kiéu bootstrap)

tir tap dir liéu ban dau.
- Tai m01 nut cua cdy, chon ngau nhién n’ chiéu (n'<<n) va tinh toan phan hoach
(chi s6 Gini [4]) t6t nht dya trén #’ chiéu nay.

- Cay duoc xay dyng dén do sau tdi da khong cat nhanh.

Rumng pgéu nhién RF-CART cho d¢ chinh xac cao so voi cac giai thuat phén 16p
tot nhat hién nay bao gom Boosting [8] va SVM [21]. Hon nita, thoi gian huan
luyén cia RF-CART nhanh, mé hinh chiu dyng nhi€u t6t va khong bi “hoc vet”.

Tuy nhién, viéc xay dung cdy thanh vién trong RF-CART chi chon mét chiéu dé
phan hoach dit liéu tai cac nit nhu dé nghi trude day [1, 4, 19]. Do d6, tinh manh
mé cta cy bi giam khi 1am viéc véi cac tap dit liéu ¢ sb chiéu 16n va phu thudc
1n nhau. Vi du nhu trong hinh 4, bat ky viéc phan hoach don thudc tinh nao (song
song voi 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 1an phan hoach, nhung viéc phan
hoach da chiéu (xién phan, két hop hai thudc tinh) c6 thé thuc hién mot cach hoan
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hao v6i duy nhat mot 1an. Vi thé, viéc phan hoach don thudc tinh duoc ding dé
xay dung cay thong thuong thi khong hi¢u qua trong trudng hop nay.
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Hinh 4: Phan hoach don thugc tinh (trai), phin hoach da thudc tinh (phai)

Dé khac phuc nhuoc diém trén, nhiéu giai thuat xay dung ciy quyét dinh st dung
phan hoach da thudc tinh (xién phan) tai cac nit dugc dé nghi. Van dé xay dung
cay quyét dinh xién toi vu dd dugc biét nhu 1a mot van dé c6 do phirc tap NP-hard.
Nghién ctru tién phong ctia Murthy va cac cdng su trong [17] da dua ra giai thuat
OC1, mot hé thong dung dé xay dung cac cdy quyét dinh xién trong d6 dung thuat
toan leo d6i (Hill-climbing) dé tim mot phan hoach xién tot dudi dang mot
siéu phang.

Rimng ngau nhién xién phan RF-ODT cua chung tdi trong [6] x4y dung cac cdy
xién phan ngiu nhién dua trén siéu phang t6i uu (phan hoach hiéu qua cao, kha
ning chiu dung nhidu tét) thu dugc tir hudn luyén SVM [21]. Viéc tim siéu phéng
tdi wu ctia SVM duoc lam nhu sau.
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Hinh 5: Phén 16p tuyén tinh v6i may hoc vécto hd tro

Xét vi du phan 16p nhi phan tuyén tinh nhu hinh 5. SVM tim siéu phang t6i wu
(xac dinh boi vécto phap tuyén w va do 1éch cua siéu phang b) dua trén 2 siéu
phang hd trg cta 2 16p. Cac phﬁn tir 16p +1 nam bén phai cua siéu phang hd trg
cho 16p +1, cac phan tir 10p -1 nam phia bén trai cta siéu phang hd tro cho 16p -1.
Nhitng phan tor nam ngugc phia véi siéu phang hd trg duge coi nhu’ 16i. Khoang
cach gifra 2 siéu phang hd tro duoc goi 1 18. M6 hinh phan hoach tét (siéu phang
t6i wu nam giira 2 siéu phang hd tro) tim duoc tir 2 tiéu chi 1 cuc dai hoa 1& (1&
cang 16n, md hinh phan 16p cang an toan) va cuc tiéu hoa 16i. Van dé dan dén viéc
giai bai toan quy hoach toan phuong dugc biét phd bién trong toan tbi uu hoa.
SVM c6 thé sir dung ham nhén dé phén 16p phi tuyén tinh. Poc gia quan tim co
thé tham khao thém tr sach [21].
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RF-ODT cua ching t6i xay dung mot tap hop cac cay quyét dinh xién (trinh bay
trong hinh 6), twong tu nhu trong RF-CART cua Breiman [3]. Diéu khac biét chu
yéu 1a mdi cay quyét dinh xién ngiu nhién trong rung (RF-ODT ={ODTi}i=1k) sur
dung SVM cho phan hoach xién phan da chiéu thay vi 1a phan hoach mot chiéu
nhu CART. Két qua thuc nghiém cua ching t6i khi phan 16p dit liéu co6 sd chiéu
rat 1on trong [6] cho thdy RF-ODT hiéu qua hon rimg ngiu nhién théng thuong [3]
va SVM [21].

Dir liéu hoc

(m phan tr, n chiéu) f2pliog
Lay mau cd hoan lai m
/ phin tir tir ddr liéu hec.

| Bootstrap 1 I I Bootstrap 2 I ........ Bootstrap k

| oDT 1 | | oDT 2 | ________ ODTk

NL’lt trong (quyét dinh)

Ham phén hoach: phéan
hoach xién la mét siéu
phang toi wu thu dwec tir
huan luyén giai thuat SVM
trong n' chiéu (lay ngau
nhién khdng hoan lai twr n
chiéu cua di liéu).

¥, (X) JACIREEEERE 7,00

Phan Io'p cho mét phan tir méi X
Binh chon sé déng tir {9,(x), 9,00, 5,00}

Hinh 6: Giii thuit rirng ngiu nhién xién phan

Hon nita, trong bai viét nay ching t6i cling cai tién thém do chinh xac ciia RF-
ODT bang viéc thay thé luat quyét dinh binh chon s6 dong & nut 14 cua cdy xién
phan béi luat quyét dinh cuc b cho phép lam viéc hiéu qua cho phan 16p anh van
tay. Chang han nhu céc giai thuat cay quyét dinh trudc day, khi hoc dén nat 14 thi
gan nhan cho nut 1a dua vao luat binh chon sb dong. Xét nut 14 nhu hinh 7 (trai),
chtra 9 phan tir vudng va 5 phan tir tron, nén nut 14 dugc gan nhan 1a vudng. Khi
phan 16p, phan tir nao roi vao nit 1a déu duge gan nhan cua nat 14. Phan t p, g
dugc gan nhin 1a vudng. Hiéu qua phan 16p khong cao (phan tir p c6 thé sai).

Binh chon sé ddng : nhan nit 14 la [] Ludt cuc bé: khéng gan nhan nit 14
o U o O
[P
O [ 0 ¥ [
O n U
O L]

Hinh 7: Luit binh chon s6 dong (trai), nit 14 c6 nhén la Vuong, nén diém p va q déu duoc
phan 16p vudng. Luit cuc bo sir dung 3 lang gieng (phai), nut la chua gan nhan,
diém P, q dwgc gan nhan lan lwgt 1a tron, vuong duya trén binh chon s6 dong cua 3
ling giéng

Vi luat quyet dinh cuc bd dua trén 3 lang giéng (phai), nut 1a chua gan nhan. Khi
phan 16p, phan tir p roi vao nit 14, chung ta tim 3 lang giéng cua p, gan nhan cho p

259



Tap chi Khoa hoc 2010:15a 253-262 Truong Pai hoc Can Tho

dua trén binh chon s dong tir 3 lang giéng, nhén cua p duoc gan 1a tron. Twong tu,
phan tir g dugc gan nhan 1a vudng tir binh chon sb dong tir 3 lang giéng cua nod.
Véi viée thay thé luat quyét dinh nay, RF-ODT cho d6 chinh x4c cao khi phan 16p
anh van tay.

4 KET QUA THUC NGHIEM

Chiing t6i rat quan tdim dén d6 chinh xac cua hé théng phan loai van tay dé nghi
trong nghién ctru. Do d6 ching t6i da tién hanh thir nghiém trén dit licu thue té dé
danh gia hiéu qua ctia phwong phap dé nghi. Chung t6i di thu thap 480 anh diu
van tay (nhu dugc mé ta trong bang 1) cua 15 ddng nghiép bang thiét bi doc
Microsoft ® Fingerprint va by cong cu libfprint [7]. Sau do, chung toi cling st
dung thu vién [16] dé tién xtr 1y anh, rat trich cac diém dic trung tir giai thuat phat
hién Hessian Affine va vécto mo ta SIFT. Sau do, giai thuat k-means [15] duoc ap
dung dé gom nhom cac vécto mé ta SIFT vao 2000 clusters tuong tng véi 2000 tir
vung. Tap dit liéu bao gom 480 vécto trong 2000 chicu voi 15 16p twong Gmg véi
15 c4 nhan. Nghi thirc kiém tra chéo (10-fold) dugc ap dung dé danh gia hiéu qua
clia cac giai thuat phan 16p. Cach lam nhu sau: tdp dit liéu chia thanh 10 phan bang
nhau, & lan th i 1ay ra phan tha i dé 1am tap kiém tra va 9 phan con lai dung 1am
tap hudn luyén. Két qua duoc téng hop tir 10 1an thyc thi nhu vira mo ta.

Bang 1: Dir liéu danh van tay

STT Ca nhan So anh STT Ca nhan S6 anh

1 Nghi Do 85 9 Nha Le 23
2 Kanh Le 28 10 Luan Nguyen 20
3 Mien Nguyen 28 11 Lam Le 26
4 Lieu Nguyen 32 12 Cang Phan 25
5 Nguyen Lam 39 13 Hung Ngo 20
6 Huyen Le 37 14 Huy Nguyen 21
7 Binh Nguyen 39 15 Tuan Dang 30
8 Ngu Tran 27 Tong cong: 480

Chung t6i mudn so sanh hiéu qué cia giai thuat RF-ODT ma chung ti dé nghi véi
cac giai thuat khac, bao gdm ciy quyét dinh C4.5 [19], RF-CART [3], AdaBoost
[8] cua C4.5, SVM [21] va k lang giéng (kNN). Dé thuc hién muc tiéu nay, chung
to1 da cai dat giai thuat RF-ODT cua ching t61 bang ngoén nglt C/C++. Cac giai
thuat khac da co trong cac thu vién phan mém mién phi, nhu LibSVM [5], thu vién
Weka [22] c6 san cac giai thuat C4.5, RF-CART, AdaBoost-C4.5 va kNN. Mbi
giai thuat déu co céc tham sb duge chon cho két qua cao nhét. Cudi cung chung toi
thu duoc két qua phan 16p clia cac giai thuat nhu bang 2.

Khi so sanh, chiing ta c¢6 thé thdy RF-ODT cho két qua cao nhit voi do chinh xéc
13 99,79%. LibSVM vé6i ham nhan RBF ciing cho két qua 99,38% gan bang REF-
ODT. Hai giai thuét tiép theo 1a RF-CART va AdaBoost-C4.5 cho két qua kh4 tét.
Tuy nhién, kNN va C4.5 lai cho két qua thap cach biét so véi RF-ODT.
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Bang 2: Két qua phén 16p anh van tay

Tham s Giai thuat Chinh x&c (%)

50 cay, 1‘00 chiéu ngéu nhién, nut 14 nhé nhét 12 20, RF-ODT 99,79

3 lang giéng cho gan nhan

gamma = 0,00015 cho ham nhan RBF va hing sé LibSVM 99,38
cost = 1000

50 cay, 200 chiéu ngau nhién, nut 14 nhé nhat1a2 RF-CART 98,75

50 cay, nat 14 nho nhat 13 2 AdaBoost-C4.5 98,33

nat 14 nho nhét 1a 2 ¢6 cat nhanh C4.5 91,04

5 lang giéng kNN 92,29

Dé xét chi tiét két qua thu duge tir RE-ODT, chiing toi trinh bay két qua trong ma
tran confusion ma & d6 dong trinh bay cho ca thé trong tap dit liéu va cot 1a két qua
phan 16p ctia RF-ODT. Trong hinh 8, ta ¢ thé thdy rang RF-ODT chi c6 sai duy
nhat 1 anh vén tay ciua Binh Nguyen (16p 7) dugc du doan vao Nghi Do (16p 1).
Tat ca 479 anh con lai déu phan 16p dung, dat do chinh xac 99,79%. Chiing t6i tin
tuong rang, hé thong phan 16p van tay dua vao vécto SIFT va RF-ODT c6 thé ap
dung vao thuc tién.

=== Confusion Matrix ===

1 2 3 4 5 & 7 8 &% 10 11 1Z 13 14 15 <-- classified as
8 0 0 0 0O O O O 0O O O 0O O 0O O] 1 =TMNghi Do
o288 0 0O O O O 0O 0O O O O 0O 0O 0] 2 = Canh Le
O 0oz 0 0 0 0O O O 0O O O O 0 0] 3 =Mien Nguyen
O 0 032 0 0 0 0 0 0 0 O 0O 0 0] 4= ILieu Nguyen
o 0o 0 03% 0 0o 0 0 0O 0O O 0O 0O 0| 5= Nguyen Lam
o o 0 0 037 0 0 0 0O O 0O 0o 0 0| & =Huyen Le
1 o 0o 0 0O 038 0 0 0 0 0O O 0 0 7 = Einh Nguyen
o o 0 0 0o 0 027 0 0O 0O O 0O 0 0] 8 =HNgu Tran
o o 0 0O 0O 0O 0O 023 0 0 0o 0o 0 0] 9 = Nha Le
o 0o 0 0 0O 0O 0O 0 020 0O 0O 0o 0 0 | 10= Luan Nguyen
o 0o 0 0 0 0O 0O 0 0 026 0 0 0 0] 11= Lam Le
o o 0 0 0O O 0O 0 0 0 025 0 0 0| 12= Cang Phan
o o 0 0O 0O 0O 0O 0 0 0O 0O 020 0 0 | 13= Hung Ngo
o o 0 0 0O 0O 0O 0 0 0 0 0o 021 0 | 14= Huy Nguyen
o o 0 0 0O 0O 0O 0 0 0O 0O 0o 0o 030 | 15= Tuan Dang

Hinh 8: Két qua phén 16p ciia rirng ngiu nhién xién phin

5 KET LUAN VA HUONG PHAT TRIEN

Chung t6i trinh bay mot hé thong phan loai van tay méi va hiéu qua. Y tudng
chinh xudt phat tir mot mo hinh trong phan tich vin ban: mé hinh tai tir. Dé ap
dung md hinh nay Ién anh, ching t6i cho sir dung céc tir truc quan va mo hinh hoa
anh nhu ti cac tir truc quan. Cac tir truc quan duge xay dung bing cach phan
nhém céc dic trung cuc bd SIFT bang giai thuat k-means. Theo mé hinh nay anh
van tay dugc biéu dién bang mot vécto tan suit mo ta phan phdi cua cac tir truc
quan trén anh. Trong giai doan phan 16p, chung t6i dé xuat st dung va mo rong
giai thuat rimg ngiu nhién xién phan. Céac thir nghiém duoc thuc hién trén 480
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hinh anh dé}l van tay tir 15 dong nghiép cua chung 61 tai Khoa Cong ngh¢ Thong
tin & Truyén thong, truong Pai hoc Can Tho. HE thong phan loai van tay cua
chung t6i da dat dugc dg chinh xac 99,79% (chi nhan dang sai 1 anh).

Véi cac két qua kha quan thu duoc, chung to1 du dinh trién khai phuong phap nay
vao cac ung dung thyuc té nhu: chAm cong tu dong, nhan dang t0i pham. Chung toi
cling s& tién hanh nhiéu thir nghiém nira trén mot s6 lugng dit liéu 16n va ciing c6
thé so sanh véi cac phuong phép tiép can khac [7, 9] trong twong lai.
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