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RN 83.17% , FHTFL N {E# (multiscale local binary pattern, MSLBP) HFiE
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Abstract: For the face recognition system, it is difficult to recognize whether the human face image comes
from a real person. Firstly, S feature method was improved, and LBP feature method and GLCM feature meth-
od for face antispoofing were discussed respectively. Furthermore, two feature fusion techniques were presented
based on FS feature and LBP feature, that is FS-LBP method. Experimental results showed that the accuracy of
FS-LBP proposed in this paper is 83. 17% higher than that of MSLBP.
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(028 5 o P BRGSO Fry 22 5, Ohad AR BTG i 5 A RN Tmi e, BA ipad BCife AN
B, Phid A MG o SR R L5 & R4 ipad BRYEIR, 20062 A bAffE 2R . — A
BRSO, AFTRER: ipad bR EIRANT 582, R eREd R, SEEANREE
L, Dhig NGO T AP e A RBTE | BUR Rl mo 5 22 5w . Rk, [ Se AR R AR L,
it NI T b 25 5 ZR A1 5 B

Li 260 J 738 1 (o BL A3 (Fourier spectrum, FS) 4387 A9 7 2 K 0 @ A R I ELL . %
JEFET 2 50N, 1) BERAR RS R T AR RS, JFE AR A& 2D /), Frbifhis AR
EUR R A i 2 T B AR R 05 2) Dhid M A AERT B AR Rtz 3, Rt this AR 7E
I AU A b PRGSO g 2 ol R A ol PR 4 3 A B kR LD N S . &t
XA EUR, B LW — Wi IR, 5 — R i s B iR 1, RIS s I 8 1 fE
SR APREZE , TR DX A N RGO A RIS, AERE T4 Jay e i A el R P 38 A 0 P B A
25, Kim SO I TR AURARE USRI . S —, XA B AR UGS T AR, ARAF R X
BEG, IREERBINRIE N 64 x64; 55, A BRI 4t s Hud B AR It gt BT R
N —HE R RRIE )

Anjos ZE TR T HAM MG 25 SRR IERE L, AR, BT R S I Y SR (R AR
. (local binary pattern from three orthogonal planes, LBP-TOP) SR T LBP-TOP T 3 MNIEASF
W (XY J5ie) XTIl YT Jrmm)) SRR R s, B oexh ARG AL, I8 RO/ R e
bR 64 x 64, XHEF— AR R —(EA L (local binary pattern, LBP) $§fE, H7EA[FIAY RT
FAFTIEE XT A YT Jym R, B BIGe i 5 BE s — > — 4R AR, JIF il i S RFm &AL (sup-
port vector machine, SVM) 438 H5], Jukka SELOT A TR T 2 N B R AR (multiscale local
binary pattern, MSLBP) """V RRAF Ay ARG 16 (AR TN 3303 ) 30 T8 1 Je N R B B HE 22 RUBEE AN 22 X 3l 11
LBP $51E, ZH—A> 833 ZEpyirinl i, Ff4ha SYMY 2 M7 42 0000 . %k B, FFEUS R A9 A
TR AR SOR . {H MSLBP FFAE Y 5 i 2 BRI RIS A

N AR ) B R Es T 2 IR A RE R G T AR A P ik 2 thiE A, &
Xk — i, ASCIERTARIRFFEIER L, Bl T FS FRAEMARSTE UAG I, JF25 4 LBP FRAE 007, 4
TR FS RFIEA LBP RRERYAA T, BJEiEE SVM 5 s e N AR TP RE

1 B& FS #0 LBP RUSUIR 45 EFREX
1.1 FS43{EREL
N AG I 2R 45852 31 R B3 A e s g e, Ao P A T R 0 v AR B AR T A
), HAOhs AR A2 2 dFimng, Bk, Dol A R D 285 i 25 BN T s AR A ER Y
L f(x,y) TBRFNMx N AGEG, Hbx=0,1,2,- M-1;y=0,1,2,-- N-1, fHI "4k
U AR ] R F ()
Fu,w) = X X [flx,y)e Moy (1)

x=0 y=0

Hipy =012, M-1,0=012,-N-1,
A R(u,v) FI(u,v) TR F(u,v) BSSPREETS, W F(u,v) PR E R .

(F(u,w)|=[R(u,0) + F(u,w)]"?, (2)
TS5 8 PRI S 538 P (o) A SCRRIE | F(u,w) | BOSETDT
P(u,v) = [F(u,w) |*s (3)

ARICAEREFE Jain 55N FS 0L A0 2EAG L, SIADBT BT, #I T FS RREM AR
PRAGIN: . 20706 FS S i T 78 (WLIE 1), SRR TN BRI e (E, #5
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Betg— 1 X R NP REREIR 1L, RN — 27 FS Rk

FS Rk
FS feature

E1 FSEsSH
Fig.1 The block of FS
WehE— N FHREGE KN R m x n , WF XA RE R
P = JP(uw)/(mxn), (4)

He.u=0,12,,m-1;0=0,1,2,-n-1,

fEE i AR G A w5 B TR AR R IR, ELOW K UG EATE 18] =) 50 DX ) B f (BT BT
2200, TUHARATEGE R AT RO AL, B, SR IO IRl DA AE T 6 T A TR ARG, o2
— MNEAFRIOTTETT 1), (HE, BEE NG RSB AWHE I, ARIBAGRRA—, D N ER
WE BA—E AR TN R SOEE NS TR ECR A3, 5ROk 3 A I e A 25
TR, BETHCRAE, ASCTIAT LBP H#iE, #2017 FS RHIEFT LBP RHIEZS & 9 NG A iA
1.2 E-F FS 1 LBP ByBL & 4F1E

FEAHFH LBP RRAE RIS A I b, — ANl LBP (8 B 3EAE R RRAE 1) 12 T 40 283800, i
il FH LBP B A9 GE 3T B 7 R R RRAE e FHF 402600071 (Rl LBP (6 507 B B B8 6, A H
AR LBP {HAE W ARIE ] S e AT HU0 o0 M, 2 b T8 AR BN DERCTT ™ AR AR R iR 22

B WEE, 2 g WEFESWIRIEM, g, N c WOBUTREM (p =0,1,2,--,8) , W LBP {4
FESCH -

8

LBP, = 3. [s(g, - 8)2'], (5)
s(x) = {1,x =0, (6)
0,x <0,

ASCH N0 o3 A T DX, XA XN R 25K LBP {E, RS TR XK LBP
HAgEF BT (RS LBP (I AR ) |, R — > X5 LBP E A S B 7 905 i — 1
FRAEm &, IS A R LBP Rk &

LBP 55+ RH LBP B J7 BRI IR SO AR R, FRIR4EEOR, it Bl RAR KRR, R FH RR Ak e 4
(7 3 SOUE LAk S SO AE AR G . B, el A R AR A B, SCRE BT R A A ARG 0 AR A ) %
J& LBP FHEAY— AN EWF 5 )5 1]

ASCHEH T FS FHIEA LBP FRAERLG 9775, 81 4ERY FS FFIES 128 4EfY LBP RFEZUIH nUHT i1
209 4ERY FS-LBP 4#1E, FEXTHE LBP R AE UK BE LA i % (gray-level co-occurrence matrix, GLCM) 4%F
TEAE A IR G R P AR TE AR MER 22 . FS-LBP FRAEAYER R FE 24055 LR LA PR

PN

DE L R R,
i i -
fo(x,y) TABEXIE R af 1,2, 4]
SF, (u,v) NSRS T2, FHRKN R m x n
P, N EUR Y FS FRAE )

http : /xuebaobangong. jmu. edu. cn/zkb



68 - FRREM (HRBERRD 22 %

LBP, . ARG LBP RHE ] i
FSLBP, .., :FS-LBP R¢fik[n] 5
for a from 1 to A do

D" = f,(x,y)

M-1 N-1
Fa(u,v) Z 2 f (x’y>e*]2‘ﬂ(u’t/w+l)}//\/):|
x=0 y=
Sub - bl k
Py () S S ()

for b from 1 to B do
= |SF' (u,v) |/(m xn)
end for
P,UP,U--UP) =P,
f.(x,y) — LBP,
P, U LBP, — FSLBP,

end for

FSLBP,, .., = {FSLBP, ,FSLBP,,---,FSLBP, |
AR SR ENGHEA TR | UG T AR, $RBORNA M x N BABGEUR f(x,y) , &S
SIFREUE AR FS REAE R RN LBP RHIE i, J1K FS RRiEm A LBP FREm gk, 58— 18
FS-LBP F#fiEln) i, Fe/a I SVM S0iiE FS-LBP FHIE ] s ARG AR ITERE  SRvA IR LA 2,

FS Ak )\
FS feature

SVM X 3SHUAN |5 /(B H N M
SVM classfication F— live/fake face

and discrimination

LBP SeiFEAiE,
LBP statistic
feature

B2 EFFSHLBPHEMAKREERMNELZTEER
Fig.2 Face living detection algorithm flow chart based on FS and LBP features

2 EWERESH
2.1 HiEE
A SCFE BT HETER M 4 AR TE AR, A48 R st R R A= 19 NUAA Bdi e | thRkpe
H S EAFFE T CASTA-FASD 04 2 . 25 AR N 37 K 2% (1) MSU MFSD 444 & Fl Tdiap £ (9 REPLAY-
ATTACK Biif . 4 DEIEFERHEAFE R 1,
F 1 ABEEEN 4 NAFHIEE
Tab. 1 Four public face living detection database

b6/ LN Hpi Al N Bl it E =S

Database name Database type The number of people The amount of data Resolution
NUAA & F Photo 15 12 641 640 x 480
CASIA-FASD AT Video 50 600 640 x480/480 x 640,920 x 1080
MSU MFSD LA Video 55 280 720 x 480/640 x 480
REPLAY-ATTACK I Video 50 1 200 320 x 240

http : /xuebaobangong. jmu. edu. cn/zkb



55 3 UM, AF . BT FS-LBP RHE A IS (A 75 vk - 69 -

A SCE U R B FEIE SVM A4S &, 3B ad Matlab 25 1 32230 # TAERFE (receiver operating
characteristic, ROC) MZRIMNFILMIMS . N T RIEFIE I A T8 A I 5, ASCHEA T T 3 4
SERG. K 1 EEMNAAEM LR 2 x2, 4 x4, 6x6, 9x9 rHEl, FS FEEFE NUAA Hl CASIA-
FASD & KN AR 2 i ARG TG RN PR B 5056 2 2L FS| LBP, GLCM, FS-LBP H#iFE7E
4 NUAA . CASIA-FASD, MSU MFSD #1 REPLAY-ATTACK 4 N FESHE i ARG I vEfE . S236 3
IR FS-LBP $5F . 54k LBP 450E A MSLBP 7E5256 3 fl-S80d o9 A 1% A6 v g
2.2 LIERSH
2.2.1 I 1

SEHG 1 7E NUAA s 2T CASIA-FASD B e NI, 255 anE 3 FilE 4 B, 75 NUAA %%
P b, S IGEREA 9072 d, HrhIFEREA 3359 K, fakEA 5713 5K, i FHIHRAEREA 3476 7K,
HAEREAS 1740 5K, HFEAS 1736 5K, 7E CASIA-FASD ¥ |, i FHYIZREEREAS 8155 5k, HidiEke
A 4604 K, TAREAS 3651 3K, R PR AEREA 5879 5K, HrhEAEAS 2790 5K, fAREAS 3089 K. X FS
BIAIEIT2 x2, 4 x4, 6 x6 F19 x9 43dk, it 4 4k 16 4k 36 4EF1 81 (Y FS F#fEmaE, I
454 SVM 43255, SE FS FRERM G TEARMIMERE . 4 4k, 16 4E . 36 4EF1 81 4k FS FHEAE NUAA £
PRI ) RS ARG I AERf 2800 1) Ay 58. 42% | 78.64% . 90.25% F191. 17% , £ CASIA-FASD %4 |-
FIUERR 3591 h 60. 86% . 80.43% . 84. 62% F194. 67% , WIZHSZIGLERIFNT | Zre 123 (6] i )7 L RE IS
FRAREE FS FRAEA ARG TR AAIERG R, QN3 2 M3 3 FT/R, I NUAA S LA ses i, B AR
FUGS R B —E R, FS RFAE A 5 RS 0 v 506 A I Ak, a2 PR A A (R 0 B g i
XS AT — e, AR B R, WIASRE 7S R R B SR 5 B, i o duios:
w2, Wt P AR EUR M RFE R 2, 1155 T HBEE R,

1.07 1.0r1
09} (// 0.9
2 0.8 2 0.8
g g
207 £ 07
2 06 206
05 £ 0.5
= =
¥ 04 ¥ 04
H H
my 0.3 —2x2 433t 2x2 block m 0.3 — 2x2 43 Ht 2x2 block
0.2 —4x4 S 3 4x4 block 0.2 — 4x4 4y Bt 4x4 block
’ —6x6 4Bt 6x6 block . — 6%6 433 6x6 block
0.1 T 9x9 43 9x9 block 0.1f — 9%9 433k 9%x9 block
0 0.1 02 0.3 040506070809 1.0 0 0.1 0203040506 0.7 0809 1.0
I IE R False positive rate I 1E R False positive rate
3 FS 4%1E7 NUAA #i#5 = £/ ROC i & B 4 FS $4E7E CASIA-FASD ##E E L1 ROC i &
Fig.3 The ROC curve of FS features Fig.4 The ROC curve of FS features
in NUAA database in CASIA-FASD database

F2 JLTFS 45ETE NUAA BB E ERAERR
Tab.2 The accuracy of several FS features in NUAA database

- Y ZR4E Training set TR SE Testing set TER R
BN Live face B8 AMGE Photo face  ELSE AR Live face B8 A A Photo face  Accuracy rate/%

2x2 3359 5713 1740 1736 58.42

4 x4 3359 5713 1740 1736 78. 64

6 x6 3359 5713 1740 1736 90.25

9x9 3359 5713 1740 1736 91.17
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3 JLEhFS $F{E7E CASIA-FASD FRIERE
Tab.3 The accuracy of several FS features in CASIA-FASD database
S Y&k 4E Training set THRLE Testing set WERf R
E—;@}\% Live face ,Hﬁ'H‘j\% Photo face E—i}\% Live face ,HHJ—JI“}\E{T) Photo face Accuracy rate/ %
2x2 4604 3651 2790 3089 60. 86
4 x4 4604 3651 2790 3089 80.43
6 x6 4604 3651 2790 3089 84.62
9 x9 4604 3651 2790 3089 94.67
2.2.2 SLE2 10+
ASZETE NUAA . CASIA-FASD . MSU MFSD #1 RE- . 9 (/r
. " N . s 0.8
PLAY-ATTACK 4 /MR PEBOR LI, B s pos, = ©
YIZREEREAS 37 959 3K, ok, IEREAS 18 605 3K, ikt Z o6
A 19 354 3 WMIKHEREAR 31 052 3k, Hob, EREA £ o5
15 2305k, fAREA 15 822 7K, SCEG 45 AN 4 i, t; 04
FS. LBP, GLOM I FS-LBP HFIE 0 AT IR Kileni s = 02 — b
SRR 64.66% . 78.25% . 71.14% F1 83.17% , 7~ 0'1 — %.%p
$E 1A FS-LBP FRME 1 HERR 2 & T LBP, GLCM FI FS

RN ID I SR XS BON TR N R Y SOORER PN ALl SeixE)
X3, GLCM HFAE e T N J P45 0] [R) A o B2 w8 5 2
PR R BT RAE, T0 LBP RRAESA 1 A A
B B R a8 SCHARAIE . d i 2RIk LBP HEAEA FS FFAETS
FIAY FS-LBP & UL REAS B 4 s A i SO
AR 1S NS5 ARG A BE

0 0.1 02030405 060.708091.0
B 1E K False positive rate
B 5 FS.LBP.GLCM #n FS-LBP 4%4E
EZHIEETH ROC #iZk

Fig.5 The ROC curve of FS,LBP,GLCM
and FS-LBP features in several database

4 FS.LBP.GLCM F1 FS-LBP 45 E S HIBERSHEATHERE
Tab.4 The accuracy of FS,LBP,GLCM and FS-LBP features in several database

jj‘{f ‘U”éj‘ﬁ% Training set {B_"J tﬁ\ﬁ% Testing set YEE}%%Z
Method AN Live face BB A AJE Photo face  E.SE A Live face J8 A AJ Photo face  Accuracy rate/ %
FS 37 959 18 605 15 230 15 822 64. 66
LBP 37 959 18 605 15 230 15 822 78.25
GLCM 37 959 18 605 15 230 15 822 71.14
FS-LBP 37 959 18 605 15 230 15 822 83.17
2.2.3 K3 1.0
SE40 3 RMIH 2 MOHCHR, 52 Bgy//’f
fi # 3 ( high-dimensional local binary pattern, § 0'7_
HDLBP) [HRFAE 28 B 4 43 16 T IX T 6]
W, TR N 32 AT IXTE], HEARR] 512 48 £ oS
LBP HFfiE, MSLBP HRAE K A E5 5 4R 16 4 :;k 04
T, FTES I 8 AT KRG AFX 0 ~ b
], A5B9S8R 384 4R LBP FRME, EAKE 6 ol — %sLCLgp
FIr7s ' _

B R] 52 2% B ] i, HDLBP > MSLBP > FS-
LBP > LBP; DA 6 {4 A6 00 o 1 % R U5, FS-LBP >
MSLBP > HDLBP > LBP, 445 R a1k 5 fiox,
LBP, HDLBP, MSLBP £ FS-LBP H1F (1) A 1% (4G
W A B0 25 9 78.25% . 79.43% . 81.34% F

0 0.1 0.2 0304 0.5 06 0.70809 1.0
f 1E R False positive rate

6 LBP.HDLBP . MSLBP #1 FS-LBP %F1E
ESHTEETH ROC £

Fig.6 The ROC curve of LBP,HDLBP,
MSLBP and FS-LBP features in several database
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83. 17% , SLILE R R, A SCHT R 1 A9 FS-LBP B8 3% 9 ARG 796 1A 4G I of ff % o = T LBP B3k,
HDLBP SR N e 3 (1 MSLBP S895 1) .
%5 LBP.HDLBP MSLBP #1 FS-LBP 4 S HIBEREHATHARE
Tab.5 The accuracy of FS,HDLBP,MSLBP and FS-LBP features in several database

jj‘{f ‘U”éj‘ﬁﬁ Training set {B“Jiiﬁfé Testing set YEE}%%’{
Method H AN Live face A AJ& Photo face ELSEAM Live face M8 AME Photo face  Accuracy rate/ %
LBP 37 959 18 605 15 230 15 822 78.25
HDLBP 37 959 18 605 15 230 15 822 79.43
MSLBP 37 959 18 605 15 230 15 822 81.34
FS-LBP 37 959 18 605 15 230 15 822 83.17
3 #ig

ARIFIAGTRF S BT, BT Jain A FS Wik, o Jex s Rk sk, AR5 $E i
—H NI EME FS BIRFBIRe AR RE , SCBR T, FS RPE X 1% A G A I A B0 i TR 2%, [
BFBAIE T LBP Fl GLCM AR A ARG AR R I PERE , JF4R T FS-LBP FEAE A A 08 (A4 0 fr) 4 58 1,
5 FS, LBP, GLCM, HDLBP FI MSLBP $3/iF-7E NUAA . CASIA-FASD, MSU MFSD, REPLAY-ATTACK
4 S N A B S R A TR E, SCIR A SRR, AR SCHR Y FS-LBP AR AE G T A4S DU
FEAF LBP, GLCM #1 MSLBP #51iF
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