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TOM TAT: Trong bai viét nay, ching t0i dé xudt hé thong diém danh bang mat nguoi véi mdy hoc vécto hé tror (Support Vector
Machines - SVM) si dung ddc trung GIST. Hé thong diém danh thuwce hién hai buéc chinh la dinh vi khuén mdt trong anh thu dwoc
tir camera va dinh danh déi twong ti anh khuén mdt. Bude dinh vi khuén mat duoc thuc hién dya trén cdc dac trung Haar-like ket
hop véi mé hinh phan ting (Cascade of Boosted Classifiers - CBC). Chiing t6i dé xudt hudn luyén mé hinh méy hoc SVM sir dung
ddc trung GIST dé thiee hién dinh danh doi tiong tir dnh khuén mat. Két qua thuwe nghiém trén tgp dit lidu gom 6722 anh cia 132
ddi twong la nhitng sinh vién Khoa CNTT-TT, Trieong Pai hoc Can Tho cho thdy mdy hoc SVM sit dung dic trung GIST dat dén
99.29% d¢ chinh xdc trén tap kiém tra, cao hon khi so véi mé hinh mang novon tich chdp (Convolutional Neural Network - CNN),
may hoc SVM sir dung mé hinh tui tir (Bag-of-Words - BoW) cua dac trung SIFT (Scale-Invariant Feature Transform), Bayes tho
ngdy voi lang giéng gan nhat (Naive Bayes Nearest Neighbor - NBNN) sir dung dic trung SIFT c6 d¢ chinh xdc lan leot la 96.88%,
97.54% va 98.88%.

Tir khéa: Nhdn dang mdt ngueoi, dic trung GIST, may hoc vécto hé tro (SVM).

I. GIOI THIEU

Hé théng diém danh bé‘mg mat ngudi thuc hién rut trich tu dong khudn mat nguoi trong anh thu dugce tir camera
(webcam) va xac dinh danh tinh cta d6i twong trong hé thong dua vao ndi dung cua anh khudn mit rat trich duoc.
Nhan dang tu dong khuon mat c6 thé tng dung nhiéu trong thuc tién nhu camera giam sat, hé thong chim cong, chu
thich anh ty dong, luu trit thong tin khudn mit & cac may ATM, tim kiém va x&c minh t6i pham. Hé thong diém danh
thuc hién nhan dang khuén mét ngudi qua 2 budce chinh: dinh vi khuén mat trong anh thu dwgc tir camera va dinh danh
déi tugng tir anh khudn mat.

Trong bai bao cua [Zhao et al., 2003] trinh bay cac nghién ctru trude day trong nhan dang khuén mat ngudi. RUt
trich tu dong khuén mat trong anh thu dugc tir camera dua trén mé hinh mang noron [Vaillant et al., 1993] hodc dac
trung haar-like két hop v6i mé hinh phén tang (Cascade of Boosted Classifiers - CBC) [Viola & Jones, 2001]. Bé xac
dinh danh tinh cua d6i twong trong hé thdng dua vao ndi dung cua anh khudn mit, nghién ctru true day sir dung cac
dic trung nhu mét, tai, mau toc, dd ddy moi dé tu dong nhan dang. [Belhumeur et al., 1996], [Turk & Pentland, 1991]
sir dung phuong phap phan tich thanh phan chinh (Principal Component Analysis - PCA) va thuat toan eigenfaces dé
nhan dang khuon mat.

Céc hudng nghién ciru gan day [Aly, 2006], [Bosch et al., 2006], [Geng & Jiang, 2009], [Do, 2011], [Chau et
al., 2013, 2014] dua vao phuong phéap biéu dién anh bang cic nét dic trung khong ddi véi nhimg bién d6i ti 1& (Scale-
Invariant Feature Transform - SIFT [Lowe, 2004]). Ddc trung cuc bo SIFT khong bi thay ddi trude nhirng bién doi ti 18
anh, tinh tién, phép quay, khong bi thay d6i mot phan d6i voi phép bién d6i hinh hoc affine (thay d6i goc nhin) va
manh v6i nhiing thay d6i vé& d6 sang, nhidu va su che khuit. Pé dinh danh dbi twong tir anh khudén mat ngudi, [Aly,
2006] dé xuit so khop cac dic trung SIFT trong khi nghién ctru cua [Chau et al., 2013, 2014] két hop giai thuat Bayes
tho ngay voi lang giéng gan nhit (Naive Bayes Nearest Neighbor - NBNN [Boiman et al., 2008]) va dic trung SIFT.
[Bosch et al., 06], [Do, 2011] d& xuit hudn mé hinh may hoc, chiang han SVM [Vapnik, 1995] trén mé hinh biéu dién
tui tir (Bag-of-Words — BoW dugc tao tir cac déc trung SIFT) cho phéan 16p anh. Nghién ciru cua [Durr et al., 2015],
[Parkhi et al., 2015] d& xudt xdy dung mé hinh hoc siu mang noron tich chap (Convolutional Neural Network - CNN
[LeCun & Bengio, 1995], [LeCun et al., 2015]).

Trong bai viét nay, ching toi d& xuat hé thong diém danh bang mit nguoi sir dung dic trung GIST [Oliva &
Torralba, 2001] va may hoc SVM [Vapnik, 1995]. Budc dinh vi khudn mat trong anh thu dugc tir camera dugc thuc
hién ty dong bang md hinh phan tang CBC cuia [Viola & Jones, 2001] sir dung céc dic trung Haar-like. Tiép theo, hé
théng thyc hién rut trich dac trung GIST tir anh khudén mat va huén luyén mo6 hinh may hoc SVM dé dinh danh d6i
tuong tir anh khuon mat. Két qua thuc nghiém trén tap dir lidu gom 6722 anh cua 132 d6i twong 1a nhing sinh vién
Khoa CNTT-TT, Trudng Dai hoc Can Tho cho thiy hé théng ching t6i dé xuit (SVM-GIST) dat dén 99.29% d6 chinh
X4c trén tap kiém tra, cao hon khi so v&i mé hinh mang noron tich chép (CN N), may hoc SVM str dung mo hinh tai tir
ctia dic trung SIFT (SVM-BoW-SIFT), Bayes tho ngdy vdi lang giéng gin nhit sir dung dic trung SIFT (NBNN-
SIFT) ¢6 d6 chinh xéac 1an luot 13 96.88%, 97.54% va 98.88%.

Phan con lai ciia bai viét dugc t6 chirc nhur sau. Ching t6i s trinh bay h¢ thong diém danh bang mét ngudi v6i
déc trung GIST va giai thudt may hoc SVM trong phan 2. Két qua thyc nghiém s& dugc trinh bay trong phén 3 trude
khi két luan va hudng phat trién dugc trinh bay trong phan 4.
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II. HE THONG BPIEM DANH BANG MAT NGUOI

Mot hé thdng diém danh bang khudn mit bao gdm 2 modun chinh: médun ghi danh va modun diém danh nhu
trinh bay trong hinh 1.

Moédun ghi danh thyc hién cac bude: thu anh cia cac dbi tuong trong hé thong tir camera (webcam), dinh vi tu
dong khuon mat, Iuu anh khuoén mat cta cac df)i tugng vao co so dfr li€u, rat trich dac trung tr anh khuén mat cac doi
tugng va huan luyén mé hinh nhan dang céc doi tugng trong hé thong.

Mbdun diém danh thu anh tir camera, dinh vi khqén mat, rat tr,ich dac trung tir anh khudén mat va sir dung mo
hinh nhén dang (duoc huan luyén bdi moédun ghi danh) dé dinh danh doi tugng.

/ Ghi danh \ / Diém danh \

’ Anh tir camera ‘ ’ Anh tir camera ‘
[ Binhvi khuon mat | | Dinh vi khuon m3t |
| CSDIfénh | | Rat trich dic trung |

RUt trich dac trung M® hinh nhan dang ‘
va huan luyén mé
hinh nhan dang

K / K’ Dinhédanh \/

Hinh 1. So dd hé théng diém danh bang khudn mat

Chung ta c6 thé théy rﬁng 2 modun chinh ctia hé théng can thuc hién 3 thao tac quan trong: dinh vi tu dong
khu6n, mat trong anh thu fiqu tr camera, rut trich dac trung, huan luyén mé hinh nhan dang doi tugng trong hé thong.
H¢ thong ctia chiing t61 d¢ xuat thyc hién:

- Pinh vi tu dong nhanh, chinh xac khuén mit trong anh thu dugc tir camera biang moé hinh phéan ting CBC
[Viola & Jones, 2001] sir dung dac trung Haar-like,

- Rt trich dac trung GIST [Oliva & Torralba, 2001] va huén luyén mé hinh nhin dang SVM [Vapnik, 1995] dé
dinh danh d6i tuong tir anh khuon mit.

A. Dinh vi khuén mdt véi mé hinh phén tang CBC sir dung ddic trung Haar-like

Hinh 2. Dinh vi khuén mat trong anh

Anh thu duoc tir camera bao gém khudn mat, phén nén va c6 thé co céc vat thé khac. Dé hé théng diém danh
hoat dong hiéu qua, can thiét phai dinh vi ving anh bao quanh khudén mit trong anh. [Viola & Jones, 2001] dé xuét
huén luyén mé hinh phéan tang CBC sir dung cac dic trung Haar-like co ban va mé rong [Lienhart & Maydt, 2002] dé
dinh vi nhanh, chinh x4ac khuén mat trong anh nhu trinh bay trong hinh 2.

Phuong phap dinh vi khuén mit bang cach di chuyén ctra sd truot trén anh (tir trai sang phai, tir trén xudng
dudi), rat trich dic trung Haar-like (sir dung cac mit na chap ¢ hinh 3) cua ving tng vién (ctra sé dang xét), dua vao
mb hinh phan 16p Adaboost [Freund & Schapire, 1995] theo thir ty tir tang 1 dén ting thir N ctia mo hinh phan tang



158 PIEM DANH BANG MAT NGUOI VOI BPAC TRUNG GIST VA MAY HOC VEC-TO HO TRO

CBC, neu & tang thir t mo hinh h; phan 16p ving Gng vién khong phai la khudn mat nguoi thi cira s truot tiép tuc dén
vi trf tiép theo trén anh, néu ving ng vién duge mo hinh h & tAng thir t phan 16p 12 khuén mit ngudi thi ving Gmg vién
tiép tuc chuyén dén tang thir t+1 dé xét ving tng vién c6 phai mat ngudi hay khong, qué trinh tiép tuc cho dén khi ting
N md hinh hy phéan 16p 13 khuoén mit ngudi thi vung tng vién dugce xac dinh 13 khuén mat nguoi.

pictrungcanh [J] M <@ <&
Dic trung dudng m[-:]EE &&%%
Pac treng tam E] @

Hinh 3. Dic trung Haar-like

Uu diém cua phuong phép dé xuét bai [Viola & Jones, 2001] la viéc rut trich dac trung Haar-like nhanh va don
gian vé tinh ton so vdi cac phuong phép rut trich ddc trung khac. Ngoai ra, mé hinh phéan ting CBC da loai bo hau hét
c4c ving tng vién khong phai 1a khuon mat tir cac ting dau tién, chi xét rat it ving ing vién & cac ting cubi. Chinh vi
vay md hinh phan ting CBC sir dung dic trung Haar-like dinh vi rit nhanh va chinh xac khuén mit trong anh thu dugc
tir camera.

B. Rut trich ddc trung GIST tir anh khuén mat
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Hinh 4. Rt trich dac trung GIST tur anh khuon mat

Mot khi da dinh vi dugc khuén mit trong anh, budc tiép theo 1a rut trich dic trung quan trong dé co thé xay
duyng md hinh nhan dang (dinh danh) d6i twong. Chung toi dé xuat sir dung dic trung GIST [Oliva & Torralba, 2001]
do sur don gian va hiéu qua ciia n6 duge minh chiing trong céc van dé tim kiém anh [Douze et al., 2009], phan 16p anh,
nhan dang chit viét tay [Do & Pham, 2015]. Pic trung GIST duoc trinh bay theo dinh dang vécto ¢6 960 thanh phan
(chidu) duoc tinh toan tir két qua cta viée ap dung 20 bd loc Gabor 1én anh. GIST c¢6 thé rut trich tip hop cac dic trung
quan trong nhu: tinh tw nhién (degree of naturalness), tinh coi mé (degree of openness), tinh m¢ rong (degree of
expansion), dd nham (degree of roughness) va d6 chic chén (degree of ruggedness), cho phép trinh bay cau tric khong
gian cua mot canh. Hon nira, déc trung GIST duoc trich chon theo cac hudng cua cac tan s6 khac nhau tir d6 lam ndi
bat thém cAu trac cua anh.

Hinh 4 m6 ta cac budc rat trich déc trung GIST tir anh khuon mat. Trudc ti€n, anh khuén mat can chuin hoa vé
kich thudce 128x128 va chuyén sang budc:
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- Tién xir 1y: tach 3 kénh mau (d6, xanh 14 cdy, xanh duong), bién doi ty 1¢ 16garit (giam chénh léch ty 18 cac
diém anh t0i so véi cac diém anh sang), thém céc diém anh bién, loc trang anh (cén bang nang lugng pho), loc chuan
héa d¢ twong phan, x6a cac di€m anh bién,

- Sinh 20 bg loc Gabor dé 4p dung Ién timg anh (do, xanh 14 cdy, xanh duong, da duoc tién xir 1y va chuyén vé
mién tan so),

- Chia anh thanh 16 vung riéng biét bang nhau, tinh gia tri trén mdi ving bang cach iy tong gia tri cua cac diém
anh trén mdi vung chia cho s6 diém anh ciia ving, thyuc hién lan luot 20 bo loc trén 16 ving ciia anh do, xanh 14 cay,
xanh duong, thu dugc vécto ¢ 960 thanh phan (chiéu).

C. Mdy hoc vécto hé tro SVM

Budc rit trich dic trung GIST tir anh khudn mit tao ra tap dir liéu c6 m dong (anh khudén mit), mdi dong c6 960
chidu (dic trung GIST) va nhan (d6i tugng trong hé thong). Vi may hoc SVM [Vapnik, 1995] 12 mét trong top 10 giai
thuat phén 16p hiéu qua, pho bién trong cong ddng kham pha tri thirc va khai thac dit liéu [Wu & Kumar, 2009], chinh
vi vy chiing t6i dé xuét huén luyén mé hinh may hoc SVM dé nhéan dang (dinh danh) cac ddi tugng trong hé thong.

Xét vi du phan 16p nhi phan tuyén tinh don gian dugc mo ta nhu hinh 5, véi m phan tir Xy, X, ..., X trong khdng
gian n chiéu v&i nhan (16p) cta cic phan tir twong ung lays, Yo,..., ym €6 gid tri 1 (16p duong) hay gia tri -1 (16p am).
Gidi thuat may hoc SVM [Vapnik, 1995] tim siéu phang t6i wu (xac dinh boi vécto phap tuyén w va do 1éch cua siéu
phang véi gbe toa do b) dé tach dir liéu ra 2 16p. May hoc SVM tim siéu phang tach 2 16p ra xa nhat co thé (siéu phing
t1 wu) dua trén 2 siéu phang hd tro -song song cua 2 16p. Siéu phang hd tro cua 16p +1 (W.x — b = +1) 1a siéu phang ma
Cac phan tir X, thudc 10p Y, = +1 ndm vé phia bén phai cta no, tirc 1a: w. Xp — b > +1. Tuong tu, si€u phang hd trg cua
16p -1 (W.x — b = -1) 1a siéu phang ma cac phan tir X, thudc 16p y, = -1 ndm vé phia bén trai siéu phang ho tro 16p -1,
ttc 1a: W.x, — b < -1. Nhimg phan tir nim nguoc phia véi siéu phing hd tro duge coi nhu 16i. Khoang cach 131 duge
biéu dién boi z; >0 (v6i x; nam dung phia ciia siéu phang hd trg ciia né thi khoang cach 15i tuong tmg z; = 0, con ngugc
lai thi z; > 0 14 khoang cach tir diém Xx; dén siéu phang hd trg trong ng clia no). Khoang cach gitra 2 si€u phing hd trg
duoc goi la 1& = 2/||w|, trong d6 ][ 1& d6 16n (2-norm) cta phap vécto w. Si€u phing t01 uu (nam gilra 2 siéu phang hd
trg) can tim phai cuc dai hoa 18 (le cang 16n, mo hinh phan 16p cang an toan) va cuc tiéu hoa 16i. Van dé tim siéu phéng
t6i rru cua giai thudt SVM dan dén viéc giai bai toan quy hoach toan phuong (1):
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Hinh 5. Phén 16p tuyén tinh véi may hoc SVM
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trong d6 C 1a hang sb duong dung dé diéu chinh d6 rong cua 1& phan hoach va tong khoang cach 15i; K<x;, x> la ham
nhan tuyén tinh K<xj, x;>=<Xi o x;>.



160 PIEM DANH BANG MAT NGUOI VOI BPAC TRUNG GIST VA MAY HOC VEC-TO HO TRO

Giai bai toan quy hoach toan phwong (1) thu duge #5V phan tu X; twong tng vdi ¢; > 0, dugc goi la cac vécto hS
trg. Chi can #SV vécto ho trg ndy ta c6 thé dung lai dugc siéu phing phan 16p. M6 hinh SVM thuc hién phan 16p phan
tor moi X bang (2):

predict (x) =sign(§f yiaiK<x,xi>—bJ )
i=1

May hoc SVM c¢6 thé sir dung cdc ham nhén khac nhau dé giai quyet 16p cac bai toan phan 16p phi tuyén
[Cristianini & Shawe-Taylor, 2000]. Dé xir Iy cac van dé phan 16p phi tuyén, khong can bét ky thay d6i nao hon tir giai
thuat ma chi can thay thé ham nhan tuyén tinh trong (1) va (2) bang cac ham nhan khac. Ham nhan phi tuyén pho bién

la ham co s& ban kinh (Radial Basic Function — RBF): K < X, X, > el
Mo hinh may hoc SVM cho két qua cao, on dinh, chiu dung nhiéu tét va pht hop véi cac bai toan phan 16p, hdi

quy. Nhiéu mg thanh cong ctia SVM di dugc cong bd trong nhiéu linh vic nhu nhan dang anh, phan loai van ban va
sinh-tin hoc [Guyon, 1999].

Dé giai quyét van dé phan 16p da 16p (s6 16p ¢ > 3), giai thuat SVM thudng mo rong theo 2 phwong phap don
gian 13 1-vs-all [Vapnik, 95] va 1-vs-1 [Krebel, 99].

2-vs-all
class 2

class 3

I-vs-all - __

O
class |

class 2

class 3

I -vs-2
1 i

! VS-S
class | I-vs-2

a

Hinh 7. Phuong phap 1-vs-1 cho may hoc SVM da 16p

Phuong phép 1-vs-all (hinh 6) xdy dung ¢ md hinh SVM nhi phan, md hinh thir ¢; tich 16p ¢; (16p duong) ra
khoi céc 16p khac (am). Phuong phap 1-vs-1 (hinh 7) xay dung c(c-1)/2 md hinh SVM nhi phan, moi mé hinh tach mét
cdp 2 16p. Viée phan 16p dwa vao binh chon khoang cach dén céc siéu phing thu duoc tir SVM nhj phan. LibSVM
[Chang & Lin, 2011] cai dat phuong phap 1-vs-1 trong khi LIBLINEAR [Fan et al., 2008] cai dit phuong phap 1-vs-all
cho SVM da lop.

III. KET QUA THUC NGHIEM

A. Chwong trinh

Dé danh gia hiéu qua ctia h¢ théng diém danh dugc dé xuit, chung t6i cai dat chuong trinh dé dinh vi khudn mat
trong anh thu dugc tir camera véi mo hinh phan tang CBC sir dung déc trung Haar-like bang ngdn nglt 14p trinh
C/C++, thu vién OpenCV [Bradski & Kaehler, 2012]. Ruat trich dac trung GIST tir anh khuén mat dugc cai dat bang
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ng6n ngit 1ap trinh C/C++. Thu vién LibSVM [Chang & Lin, 2011] dugc st dung dé huan luyén m6 hinh nhan dang
dbi twong. Chiing toi ciing mudn so sanh phuong phap dé xuat (SVM-GIST) v6i md hinh mang noron tich chap CNN
[LeCun & Bengio, 1995], [LeCun et al., 2015], mdy hoc SVM st dung mé hinh tii tir (Bag-of-Words - BoW) cua dac
trung SIFT (SVM-BoW-SIFT) va Bayes tho ngy véi lang giéng gan nhét s dung ddc trung SIFT (NBNN-SIFT).
Chuong trinh huan luyén va nhan dang ctia mang tich chap CNN duoc cai dat bang ngdn ngit 1ap trinh Python st dung
thu vién Tensorflow [Abadi et al., 2015]. Chuong trinh SVM-BoW-SIFT, NBNN-SIFT ciing duogc cai dit bang ngon
ngtr 1ap trinh C/C++ str dung thu vién OpenCV.

Tat ca cac thi nghiém dugc chay trén may tinh c4 nhan, cai hé diéu hanh Linux Fedora 20, bo vi xir 1y Intel®
Core i7-4790, 3.6 GHz, 4 nhan va bd nhd RAM 32 GB.

B. Chudn bi tp dir liéu

Thi nghiém duoc thyc hién trén tap di li¢u gém 6722 anh khuén mit cua 132 d6i tuong la nhitng sinh vién
Khoa CNTT-TT, Truong Pai hoc Cén Tho. Chung t61 tién hanh huin luyén mo hinh dinh vi khudn mat béng cach tao
chi myc, vi tri khuén mat trong céc anh, tao tap dir liéu khong c6 khudn mit, huin luyén md hinh phan tang CBC ¢6 20
tang, ty 1¢ nhan dang khudén mat t6i thiéu 1a 99.90% va ty 1& nhan dang 1am khuon mit t6i da khong qué 50%. Thoi
gian huin luyén mo hinh mat khoang 7 gid, tuy nhién thoi gian dinh vi khuén mat chi khoang 15 mili gidy v6i do chinh
Xac 98%. Chuong trinh dinh vi khuén mdt trong anh thu dugc tir camera dé thu thap tdp dir li€u dnh dung trong thuc
nghiém dinh danh déi tugng trong hé théng. Anh khudén mit duoc chudn hoa vé kich thude 128x128 dé co thé dé dang
xay dung mé hinh nhan dang ddi twong trong hé thong.

Tap dir liéu khudén mat dugc chia ngéu nhién thanh hai tap: huin luyén gom 4482 anh va kiém tra gdm 2240
anh. Chung t6i sir dung tap huan luyén dé huan luyén cac m6 hinh nhdn dang SVM-GIST, CNN, SVM-BoW-SIFT,
NBNN-SIFT. Sau d¢, sir dung cic md hinh thu dwoc dé nhan dang cac ddi twong trong tap kiém tra.

C. Diéu chinh tham sé

Trong dé xuat SVM-GIST cua chung t6i, budc rit trich dic trung GIST tao ra tap dit liéu dang bang, mdi dong
tuong tng 1 anh khudn mit c6 960 chidu va nhén 1a dbi twong twong Gmg trong hé théng. Ching t6i sir dung thu vién
LibSVM [Chang & Lin, 2011] dé huan luyén mé hinh SVM nhan dang d6i tugng. M6 hinh SVM st dung ham nhan
RBF vi tinh tong quat va tinh hiéu qua. Ching t6i ciing diéu chinh siéu tham s y ciia ham nhan RBF va hing s6 C
(tham s6 dung hoa 15i va do rong ciia 16 SVM) dé c6 dugc két qua cao nhat dya trén nghi thire kiém tra chéo tir tap dir
liéu huin luyén. Bo tham s6 t6i wu tim dwoc 1a y = 0.0 va C = 100000.

32 feature maps 64 feature maps 128 feature maps 1024 feature maps
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Tang tich chap Két n&i day da
Hinh 8. Kién triic mang tich chap CNN dé nhan dang dbi tuwong

Mo hinh mang CNN [LeCun & Bengio, 1995], [LeCun et al., 2015] dé nhan dang dbi twgng duoc hudn luyén tir
tap anh khudén mat ciing dwoc diéu chinh dé dat do chinh xac cao trén tap huin luyén bang nghi thie kiém tra chéo.
Kién triic mang CNN nhu hinh 8. B6 tham sé nhu téc d6 hoc 7=0.001, batch_size = 128, s6 lwong epochs = 100 dugc
diéu chinh dé dat két qua nhan dang tdi wu.

Phuong phap SVM-BoW-SIFT rat trich ’déc trung SIFT, xdy dung mo hinh tai tr BoW véi 5000 tir dya trén
nghién ciru [Bosch et al., 2006], [Do, 2011]. Huan luyén mé hinh nhan dang SVM st dung ham nhan RBF véi bo tham
s0 toi wu la y = 0.005 va C = 100000, tim dugc bang nghi thirc kiém tra chéo trén tap dir liéu huan luyén.

Phuong phép NBNN [Boiman et al., 2008] str dung dac trung SIFT thuc ’hién’ nhan dapg anh d6i tuong bang
tinh toan tryc tiép khoang cach (dya trén cac vécto mo ta déc trung) tir anh truy van dén 16p (doi twong). Phuong phap
NBNN-SIFT 1a mo hinh phi tham so.

D. Két qud thuce nghiém

. Cac md hinh duoc xay dung dua trén tap huén ,luyén c6 4482 anh va két qua dugc ghi nhén dya trén tap kiém
tra gobm 2240 anh cta 132 doi tuong trong h¢ thong. Két qua thuc nghiém thu dugc nhu trinh bay trong bang 1, hinh 9,
hinh 10.
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Phuong phap dé xuit SVM-GIST cho két qua nhén dang (dinh danh) khuén mat véi d chinh xac 99.29%, 1a
phuong phap cho d chinh xéc cao nhat, xép thir hai 1a phuong phap NBNN-SIFT véi d6 chinh xac 98.88%, xép thir ba
la SVM-BoW-SIFT cho d6 chinh xac 14 97.54%, xép sau cung 1a mang tich chap CNN cho d6 chinh xac 96.88%. So
v6i mang tich chap CNN, phuong phap SVM-GIST cai thién 2.41% d9 chinh xac trong nhan dang ddi tuong trong hé

thong.

Bing 1. So sanh hiéu qua ciia cic phuong phap nhan dang khuon mit theo do chinh xéc (%), thoi gian huan luyén (pht),
thoi gian nhéan dang (phat)
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Hinh 9. So sanh do chinh xac
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Hinh 10. So sanh thoi gian huén luyén va nhén dang

. A pr . Thoi gian huin luyén Thoi gian nhian dang
0
ID | Phuong phap Do chinh xac (%) (phat) (phut)
1 SVM-GIST 99.29 4.65 1.95
2 Mang tich chap CNN 96.88 144.00 1.30
3 SVM-BoW-SIFT 97.54 16.20 1.10
4 NBNN-SIFT 98.88 1.00 8.65
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Xét vé thoi gian huin luyén mé hinh nhan dang (tong thoi gian rut trich ddc trung va huén luyén mé hinh nhén
dang) va thoi gian nhan dang (tong thoi gian rat trich dic trung va nhan dang). Phuong phap NBNN-SIFT c6 thoi gian
huin luyén 1 phut, nhanh nhat do khong phai huén luyén mé hinh ma chi rat trich dic trung SIFT tuy nhién khi nhan
dang mat 8.65 phut. SVM-GIST can 4.65 phut cho huan luyén va 1.95 phut cho nhan dang. SVM-BoW-SIFT can
16.20 phut dé huan luyén mo hinh nhan dang trong khi can chi 1.10 phut dé nhan dang. Mang tich chap hoan thanh
huén luyén mé hinh nhan dang trong 144 phut va qua trinh nhan dang mat 1.30 phut.

Két qua thuc nghiém cho thiy SVM-GIST cho két qua nhan dang nhanh, chinh xac khi so sanh véi cac phuong
phap CNN, SVM-BoW-SIFT, NBNN-SIFT.

IV. KET LUAN VA HUONG PHAT TRIEN

Chung t6i vira trinh bay mot hé thong diém danh bing mat ngudi voi may hoc SVM sir dung dic trung GIST.
He¢ thong diém danh thyc hién dinh vi khuén mat trong anh thu dwgc tir camera bang mé hinh phan ting CBC st dung
dic trung Haar-like, dap (mg duoc tiéu chi vé tbc d6 va do chinh xéac trong dinh vi. Hé thong thyc hién nhan dang d6i
tuong trong hé thdng bang anh khuén mat véi mé hinh may hoc SVM va dic trung GIST (SVM-GIST). Ngoai ra dé
danh gia hiéu qua cua su két hop cua dic trung GIST va SVM, chung t6i ciing dd nghién ciru va 1am thyc nghiém véi
cac dac trung (SIFT-BOW) va cé&c phuong phap phan 16p khac (NBNN, CNN).

Két qua thuc nghiém trén tap dir liu gdm 6722 anh cia 132 dbi tuong 1a nhimng sinh vién Khoa CNTT-TT,
Truong Dai hoc Can Tho cho thay phuong phép dé xudt SVM-GIST dat dén 99.29% d¢ chinh x4c trén tap kiém tra,
cao hon khi so v6i m6 hinh mang noron tich chdp CNN, may hoc SVM st dung m6 hinh tdi tir BOW cua dac trung
SIFT (SVM-BoW-SIFT), Bayes tho ngay vdi lang giéng gan nhat sir dung dédc trung SIFT (NBNN-SIFT). Két qua nay
cho thiy rang su két hop ctia dic trung GIST va SVM cho két qua tdt nhét trong cac phuong phap. Co thé 1y giai két
quéa nay nhu sau: (i) & giai doan phan 16p, anh dau vao 14 anh mit ngudi da duoc trich ra khoi anh gbc vi thé dac trung
cuc bo hay toan cuc c¢6 tic dung nhu nhau; (i) khi st dung déc trung SIFT, ta cin phai c6 mot budc luong hoa. Loi
luong hoa s& gop phan lam giam hiéu qua phén 16p. C6 18 vi thé ma khi ap dung phuong phap NBNN, két qua dugc cai
thién do NBNN khong can budc luong hod. Néu so sanh riéng SVM-GIST va NBNN-SIFT, ca hai cho két qua phan
16p twong duong tuy nhién thoi gian phan 16p cia NBNN nhiéu hon 4 14n.

Trong tuong lai gan, chung t6i dy dinh cung cap thém két qua thye nghiém trén nhing tap dir liéu 16n hon va so
sanh hiéu qua cua SVM-GIST véi cac phuong phap khac. C6 thé mé rong SVM-GIST cho cac van dé nhu dy doan
tudi, nhan dang logo, ngdn ngir ky hicu.
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HUMAN FACE RECOGNITION WITH GIST FEATURES AND SUPPORT VECTOR
MACHINE ALGORITHM

Nguyen Khang Pham, Minh Thu Tran Nguyen, Thanh Nghi Do

ABSTRACT: In this paper, we present the new human face recognition system using GIST features and Support Vector Machines
(SVM). Our system performs the human face recognition task via two main steps: detecting the human face from the camera and
identifying the corresponding individual in the database. The system detects the human face with Haar Like Feature - Cascade of
Boosted Classifiers (CBC); followed which, it extracts GIST features from the human face region and learns the SVM model from
GIST features to identify who is the individual corresponding to the human face region. The numerical test results on a real dataset
with 6722 images collected from 132 students at the Can Tho University show that our system achieves an accuracy 99.29%, more
accurate than the Convolutional Neural Network (CNN), the SVM using Bag-of-Words (BoW) and the Scale-Invariant Feature
Transform (SIFT), the Naive Bayes Nearest Neighbor (NBNN) using the SIFT features with accuracies 96.88%, 97.54% and 98.88%
respectively.



