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Gait Recognition Using Variance of Dynamic Region

ZHANG Er-hu,ZHAO Yong-wei

( Department of Information Science, Xi’ an University of Technology, Xi’ an 710048 )

Abstract To solve the problem that the clothes variance or taking goods may affect the result of gait recognition, a new
gait recognition method based on variance of dynamic region is proposed in this paper. Firstly, through the background
subtraction and shadow elimination, human motion silhouettes are obtained, which will be normalized in terms of location
and scale. Next, the dynamic regions are obtained using gait energy image and threshold segmentation, and gait feature is
extracted from the dynamic region using the sector region distance transform. At last, maximum entropy markov Model is
used to model the gait sequences of each people and implements recognition based on probability graph. The method is
evaluated for the CASIA gait database and receives comparatively high correct recognition rate. The experimental results
show that our approach is robust in the case of clothes variance and taking goods.

Keywords gait recognition, dynamic region, sector region distance transform, maximum entropy Markov model
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Fig. 1  The result of edge extraction

I, 28 Al 32 B AR B B A IR L T Y R A AR AR
AEILF- 0T DLW 5 55 Ak, N U0 R 4845 ) B B i (i
$RAL) W AR O TR B K B4 o B LT LK
Sk . BT LA B R SRR 4 BON AR AR E B i AR
Hh B0 2 25 LA B AT 2 A, AT i T A A
7 ) i R
2.1 #HEMAERE

2 25 B S 18 N TEE B 0 B, IS 28 A X
B YR 34 28 K A Ao B AR A B BB AL, AR A il
FH 25 265 R Sk 1 R0 IR0 L 23 1) 49 5 3 R A i ) 20 25 77 31
SN NITESE S SRR 87 &S0 O NI : S B 1A = 1)
BB/ M x N5 i AR (o, y) 30 B AR 1K
60 £, Cayy) I —ASBA K ot 504 25 257 516 i
{SEIZEY iR oA

GEI(x,y) = & 3 fi(x.) (1)

A S RE B B R T A A B B R R
Iei] i B R (L, T LASE — A 20 35 e & g — 2B 20
3AARE X B, B2 5T —A NTEIE# E B
FRAGER M ER 3 MBRTH 3 MEEF
B, LA R 45 A T 510 %k 1o 1 20 25 R i 181 R 03 B IS
f 2L A AR B DCIURT o e 00 B L2 I 0 1 s B 20
ASRE R XA, X T2 20 25 AE i 181 B A i o B
gy, SR AT i R v A R 3 B AR AL, A sk L B
YRAG 5 DX Il 2 20 A RE B o O B9 X, 248 AN TEE
3o R rh B R AL B2 AT B 8 Y DX T X I e
NAEGE B R v, b T T R0 A 438 30 BT TR i DX

T IH BRACE R P ah X 28 U Y
W, ft ] — A~ 2625 5 91 1 A0 25 e e X A 5% 48 3
J 90 v B — ot PR AT 2 S s B, DT B B
AL ST AN A — U NS AR . (TR A0k
RS Re A XA

1 (x,y) eR,

x = 2
e % il (2)



1758 B 2 R A 4R %14 %

LA

(a) Erd AR T RSO

AR R

(b) FRAGERE AT

(c) PRALEMITEIL

K2 g5 2 meE KA

Fig. 2 Gait energy images and gait energy region images

b Ry FoR AR KB A KB I, IR 2 —  FLeP B2 B0 3 A2 25 91 R £ 0 45 39 5 9 382 B

ABZSFEA A | WU B S TR0 AT LA G R AR E. MU 3 R, MR 3 03 A B2 AT LR

%k L FEBDAS IR A | 2 25 AN RS A
p 1 g, )NSf(x,y) =1 W S E TR EE L 3
37 ={o Ho i GV maxs).

(o) SR ALER TSI

K3 s SR B

Fig. 3 The result of dynamic regions

2.2 REREBERTHR J& AR N AL IS B AR R, e TR f B B
N T HEATRRAE R A TR WU B E - O IR LR B R S — A vy B AR R
vy HAARR R o B S, A, 3 BIFoR REEIR—f  SRJE A o Bl P 7 &, DU I 07 160, e i ]



559 10

ik R A R 2 A AL AR AR 1 25 A TR 1759

1 BE A — TR R 40 i A R R
e 4 fros .

‘A6
6

/
/
I/
&
/I/ 7
/A;’/\

4 B IE X J) 43

Fig. 4 The division of sector regions

B0 FE 25 Ky A6, T8 — 114035 B ) 5 1
390 g B, s — A B X BT S R

y

K5 e X

Fig. 5 A sector region

N

o TR PR (3) 2647 30 25 9 4R L B
B0 A B I 00 2 K B o 3 7 3 i
(83 AR A T T SR8 9% 5 B0 7 45 38
D)= ¥ flxy)

Ni(x,})rs,-

(4)
o, S, FRE i AR TN, S,
FB A3 B EE S % e Y nearen 3 R 18 JE X IR T
HAY S (a,y) SRR B R o Ay B AR AR T
3 — R i 7 v 28 0L T B B AR 4, BT AR 3L R
TV X S B B AR e, AR — R B N AN X, TR
L—ABA K WG 25 25 5 51 1] LR R R
V=l ]

@,(0)  @,(0) @, (0)

e e @, (1)
@, (N-1) & (N-1) @, (N-1)
(5)

Horpr, @, () R 5 i WUEIRIH j A D 54T o

w
Sk

iR

A1 ) 35 bR 2 2 ) 0 v AT AR SR, Bk
RIS S BE R e A R R A 2 A
F — YR 3 Ao R, 7 3 A3 5 300 ) 30 A AR R, G
BB B R 6 00 pa bR e, HET, E4 S
B R A5 AR A AR 2 IR S s ) R R
HMM ™' HMM 2 — A A A 0 DA R G 4f 5
AR LLE T A B R ik v i,
HMM o {535 T ¢ B 20 9 DR 8208 R A T ¢ B 20 11
IRZS X0 T A WL AR S 7 4 B ST 1
I HM S F 50 v B A5 Hof 2 i, (H 48 K 250
B 9 9F A e S A ML R N — 4L ST R BT . Y
J¥ 31 T A B0 0 25 A A K B B MO, AR X R K
S 9 M O EL e WL 31 T LA 2 7% S ik ST 9 38 R
FRATE A A R LR B Il A o A PRI (1 38 1)k v
A T A RS TR T SR G AR B s R T
DA B AL e P — A st TR g S A R —— B R
TR A RARF T (MEMM ) 15 4 45 443 2 2%

A HMM —Ff , MEMM 12 3 T # A5 FR R 2
BER X — M HE &, H X5 HMM A B R 6, 2 8 0
LI BN S P AN 2 B R S A R .
MEMM i, HMM {9568 s 8 p (1, |1, _, ) W 5% R 5
pCo, [ L) WA PRE p (L, [ L,_,,0,) FTEEAR, % vk 5L
FORTELS B YL o, FNRT—ARTS 1, 141
TR Y HCR A [ MR, X Fh 2 A5 68 KR
A 25 S BROIR 2, o sk 2 U8 18 AT 1 45 5 1 )5 31
Hh o 20 T B R S B R RO T ¢ - 120 BB
AU ¢ 2R WLEE . HMM Fl MEMM #5945 475 74
PN P 6 7, H e S 0 g [5] BE) BRUIR S L L Y
154 P 2 7% WL B AL

lll

p(llllffl) q P(llll/—l,o,)

po|l)

0y

(a) HMM (b) MEMM

B 6 HMM 5 MEMM %5#)7x &
Fig. 6 HMM and MEMM Structure

MEMM M Il 2 h 22 p (L |1 ,,o0,),
MeCallum %8 A" 5 5ot (5 FH 5 oA Ik A 242 F fef 75 1% 4



1760 ] &1 5 B R 24 4

R fie K AT RE B 55 R v AR RRAIE 2 SR DR — 2, X
45 p(L, |1, ,0,) BA T MIEEOE X .
p(lt ‘ lt—l ’OL) = pl,_l(lz ‘OL)

exp( zk:/\,ﬂf,{(ll,o,))

B Z(ll—l901) (6)

Hib, 20,00 = Fexp( Y Asil0)), R

— AL T 5 f, S LY HITEE A o, F124 i 7T R AR 45
L NS B ERAE RE A, 2 f, MBUE , &7 Z AT
e

T MEMM 254 1 B2 /R n] % 45 5 il d5e K A
BB 5, B ARVFIRZS 5 B 7T L3 T 5 AR 51
(9 4k A S7 Pk 4R AE, 6F £ MEMM #  fg fE 65 1
F HMM,

¥ MEMM L7 2025 25380500 B XT38 0 A~ A
B TIGR n AL BF IR Nt KR 017 5
AE SR I, 9K S5 (1 0 388 A5 0 1 X 3 IV AN 4 17 Ak AT
RES BB KAREDL, DX KDREFL
VERZNR AL DR E S, I AbricES L =11,
2, KT N AN FRAE 1] 4 2 3% A 45 25 W 4%
A 03 335 T 3 BE 0 IR 75 0 00 88 4 0o I 2 1 2B s B
APEFTGE T, 15 B 45 AR 2 BT 0 LR RE A L 0o A
MXFREMRHERESEXH ISt ( generalized
iterative scaling) Lk 1T S 8% >, A &1
ABy MEMM ,

GIS 2=>) A, i1 MEMM (1) 5 > 5% 55 ok 5k
p(L 11, 0,)iRF R KA. 381 GIS Bk S IRE
[ %67 IR pr i B B R

(DA MEETFF [ 0y,0,, -, 0y, ] A B )
FRREII L0,y ] e, €0, e L

()W A =1;

)X TH/—1 k:

O HHFHMEEW E, = Y f.(1,,0);
(=D

@ &

o 1

;j (L, ]o,) = — ex AS (L 0,)

p 0 7(h.0 p( ; 0 )

(7)
@ i FH AT A, B3
E) = N Y e (L ]e)f(L,0) (8)

(1, :Z) lel

® WAL =40+ los( ) € -
k

%14 %
Z ka(lwoz) 5
© A5 A, WA, A /W =7+ 1,
RO,

XCH L RRAE PR AL S, (L0) 5 XA DL B AR K bR AR
(1.0) 1 \S,—o\<Tk (9)
ﬂ’”‘% iy
Hoar S, BRE LW &, T, A E W BHE,

4 ZWHERESH

4.1 ZBHIEE

ARSI R AR AR R AR R85 ) i X 2P A
BUNBRZ o 1 REBE 3 34k BT CASIA 2535 %k
HBEPRAMC 2N I —A R % & T K%
AT A I R BRI LLAE CASIA 25385 % 2
AR ST B A R

CASIA L85 & 124 S AN BT,
3 1T AR BN 11 AN [R] 60 R £ (] B gk 47
a4, X 11 AP 535002 0°,18°,36°, -+, 180°, 11
1M TH 10 MEEFH, 5002 2 A4k
B F B 2 A2 KACE B 1 5 51 DL & 6 A IE % 5k
FEEIFH] . CASIA A8 e v B AL 124 x 11 x
10 =13 640 275, B A BIR B 7 BF 248 2
320 x 240 12 & . it ML b, i 52 DRI i I
XA A5 A B AR H R E A T A S B
eI —1
4.2 ZWWERSH

CASIA 2L 358040 PE AR AL A A B R4 2 1) 55 4%

SEM AL AR 0 PR AR I T, TR AR SCHY S8

e, i T 2 S RS RN o 2D 2SR B S e
AR 11T AR 3 DA T AE LS
FEAN AT, 53X 3 AP A 43 R IE T AR A (0°)
BEARRL A (54°) FM A £f (90°) o XF T84 A1
B, H A 10 P50, AR 4 AN IEE E
iz s 7 Bl [ 2 T SN R [ & il
XPREANFE T B 6 A JF s #E47an 1y 3 40K
(1) R4 N H 0 2 A TEHE B 09 7 504F S ik e
FVHEAT I 5 (2) 8 A N0 2 A A0 B8 19 7 31
A Sy 50 AT (3) A AW 2 AR
A TE B 7 F0AE S T 5 AT DK, AR R — 4
ORI el S 7o B ) R (R VA D= B A R T S



559 10

5 Z R A R gl 2 B AL AE AL 1 25 A TR

1761

FRAE BT, MK T A6 R 5°,10°,15° 3 Ffg it T 1y iR
S2E B, 5 AE B I AR A T HMM A

MEMM {524 2 25 7r 26 4%, 3 2 5¢ 56 iy I 4K 45 2R 4n
x1PR.

x1 3MARBATHESSRANER

Tab.1 Recognition results of three different condition

AT %
1EH L # R AGE H ALk
A6 bt - - g - - - - - -
IEWMRA R SA DIER A IEWEMRA BRPR A DIER A WETRA BRI A 0T AR

5o HMM 79.0 86.7 89.9 79.0 87.5 90. 3 77.8 86.3 89.5
MEMM 80.7 88.3 91.9 80.2 87.9 91.1 79. 8 87.9 91.5
. HMM 80.7 89. 1 91.9 80.2 89. 1 92.3 79. 8 88.3 91.5
MEMM 81.5 91.9 94. 4 80.7 90. 7 94.0 81.5 89.9 94.0
HMM 79.0 86.3 89. 1 79.0 86.7 89.9 77.4 87.5 89.9
15 MEMM 80.7 87.9 90.3 79. 8 87.5 90. 7 79.0 87.9 91.1

M2 1 AT LI A0 = 10°%F 17 14 J T DX S8 B B
AR AR AR AR B R BUNROR . BT 45T 3 Pl
LT BEEL AG = 10° 1 Fi T X 38 HE B 48 # kR 1E , T
MEMM [R5 258 . W] DUE & AT
(18 I A 6 L2 RO % R AT A 5 I 114 1R 0 25 AR
PEI IS PR A AR SCHY R AE H S v T N7 Ak s 7R
PRSI (F BT MBR) /912 3, X B g KA
VS B 0T $5 HCA AR AE 1) 5 e SR AR /DS
Ir R B SRR (O iR

091
0.8
0.7+
e 0.6~
R o0s-
o4l
0.3+
021
0.1
0

A

IERHLA

DAL A

K7 A9=10°{fi J§ MEMM {5 545
Fig. 7 Recognition results using MEMM in A9 =10°

T H M 1 B 45 2R E al LA ), MEMM (43851
R HMM 5350 R 2w, R0 N o MEMM Ji BR T
HMM A i S PRl i, 45 & T HMM ] 5 R4 A 2
A DI, G S R e A I AF 5 N 2 X B B 8 Y
PR

T38h A A SO B RRAE A SCRR [ 13 ] Y 3
MR HEAT T HC A, He v AR ST R AR 6 A6 = 10°
S B0, A SCHYHRAE (D Zernike B RFAE LA K /N Ik $if

IR FREAE AR 2 i ) MEMM 3F 4725 25 g AR U0, i
Procrustes FF1EJ& e THAFAE , BT LA 55 3 96 43 2 4
HEATI . 2% 2 B T 45 FlRRAE 76 1E W E B% L ZE R
AE B UL Ry 43 5E BT R0 45

R2 JLHARFFENLLER

Tab.2 Comparison of different features

AL %
A 1} Zernike IINTE Procrustes
AL bl k¥ 2N
i i 1EH 81.5 91.1 74.6 92.3
IE
WA FRK 80. 7 76.2 66.5 76. 6
o) 81.5 84.7 71.0 85.9
. 1EH 91.9 87.9 69. 8 81.1
il 75
Lﬁg 4R 90.7 75.0 56.5 65.7
A 89.9 81.5 64.5 71.8
EH 94. 4 91. 1 73.0 87.5
f’)gg FERAK 94.0 81.5 61.3 76. 6
o) 94.0 87.5 67.7 81.9

M3 2 RS R AT LI, SCHR 13 1 /Y 3 FARAE
T8 28 RACHIAT AL 16 O0 T B9 IE 8 U0 38 U AE # 47 E 1)
& TARZ , U W 28 R AR A XT3 3 b Rp 1K 1) 52 1
JELCEIR A o DX 3 ol i A0 2 (0 1 A1 e Jg 33 A
RRAE B 38 , T 25 DR A A0 7 2 48 2 {1 A1 8 6 B R R
AR AL, TR AR 5 2R o 5 AR TR], AR SCHY AR AR
B JEAT N 2h 25 58AL, 1 28 K AR 42 %k 31 25 58
2 Y5 VAR /I, DT A7 2850 3t gk ke 1 28 2380 v A 4K
& AL AN ) it B 0

HRAE UL b B9S2 g 2528, T DU DU R LS 858

(1) 753 FhfE 40T, 15 T8 AL A B9 1E 50 S0 R 4
e AR, 2 PR O 7 1 T AL AT B 28 2 R B B Bl 3



1762

T B R B 24k

%14 %

WAL S RS E B R R B8 i T Hh—

AN BT IE TR AR T 88— A28 25 5 310 %0 1 1) 3l 2598
(VALSRE 35 71 N RS R e SR 7 T D = B ST
TR Y R — fPﬂ'Tl’iZH%XTT“E’JKJJM%Mﬁ(EH
P R G 8 X)) 7R 4% ot 8] 9 A2 A O AN B
IR A 10 5 T 3 0 0 110 428 3l #f 2 2 20 25 n,.,\L[zii
Tl AR A AR AR 5

A, B LLIE AL R IR

3 IR ST S =

Fig. 8 The dynamic regions in frontal view

(2) MEMM 3 B 7 A5 IF f o S7 e fli s, HG 2l
i R S INAT A N2 Py ) Bh i BR A L AR A T AR
4B U BCR 5

(3) 7 SCHR A4 3k T 3 25 0 02 728 b 19 45 25 U
712 AT LA S0 A R A B A P A8 A A
PR AE 2SR 5

5 & ®©

ASCHR T — P R T Bl A A A A i 28 25 U
ke BRI BE AL S AP A e R R A B S
J¥ 3 fFﬁIEH%E’szJM%Bu,,m}:iﬂ‘tfl]ﬁ@%é’]
B A ER AL GEAT B X I A A, 4R M AP 25 Y 8

A Hi}:ﬁim MEMM 182 22500 24, L T
FEIE o KA AL A% B0 F A28 000 . SLER 46

RERWZ07 v BA Bom )RR AR, X T ACE 21k

%ﬂ?’*%%u‘% LRI EEE, 2—RAMN LT
UM 7 ¥ o AR R 1 A B 0B 4 v 7 8 57 S v Ay

fiBﬂU\ﬁi SRR RL, LK fif o AL A 8 Al 3 T2 38
EU] 5 T

H OB AXEAT ARG e CASIA

W ARIE AT R, TE T A,
2 % 3Lk ( References)

1 Zhou Xiao-li, Bir Bhanu. Feature fusion of side face and gait for video-

based human identification [ J]. Pattern Recognition, 2008, 41(3) :

778-795.

2 Lu Ji-wen, Zhang Er-hu, Xue Yan-xue. Gait recognition based on

independent component analysis and information fusion [ J]. Pattern

Recognition and Artificial Intelligence, 2007, 20(3) ;: 365-370. [ &

Ak, ok TR BRI AR L BE TS S 4 AT AAE SR A i 2B AR
HLIT. #EHUN 5 A T4 68,2007 ,20(3) : 365-370. ]

Thayaparan T, Stankovic L, Djurovic I. Micro-doppler target
detection and feature extraction in indoor and outdoor environments
[J]. Journal of The Franklin Institute, 2008, 345(6) : 700-722.

. Outdoor recognition at a distance by fusing gait

2007, 25 (6):

Liu Zong-yi, Sarkar S
and face [ J].
817-832.

Image and Vision Computing,
Wang Liang, Hu Wei-ming, Tan Tie-niu. A survey of visual analysis
of human motion [ J]. Chinese Journal of Computers, 2002, 25(3) :
225-237. [ Esg, 8 T B84 . NS iR (T].
AR ,2002,25(3) ¢ 225-237. ]

Liu Li.

Wu Jian-ning, Wang Jue, Feature extraction via KPCA for

classification of gait patterns [ J]. Human Movement Science, 2007,
26(3): 393-411.

Shutler J D, Nixon M S. Zernike velocity moments for sequence-
based description of moving features [ J ] . Image and Vision
Computing, 2006, 24(4) . 343-356.

Cheng Ming-Hsu, Ho Meng-fen, Huang Chung-lin. Gait analysis for
human identification through manifold learning and HMM [ ] ] .
Pattern Recognition, 2008, 41(8) . 2541-2553.

Zhang Rong, Vogler C, Metaxas D. Human gait recognition at sagittal
plane [J]. Image and Vision Computing, 2007, 25(3): 321-330.
Zhao Rong-chun. Gait recognition based on HMM
[J]. Journal of Image and Graphics, 2006, 11(6) : 867-871. [ [
JeUL SRR . R TSR TR T R AL R S PN LT ]
[ % B K 2441, 2006 ,11(6) . 867-871. ]

Li Jing-wen, Liu Jun,

Tian Guang-jian,

Guo Li,

Human identification based on

2006, 11(7) :

et al.

gait sequences [ J]. Journal of Image and Graphics,

943-948. [ AH3C, SB5L, KR AF . 5T 20 35 4 RS A B 4 A
NLT]. P A EDE 2 412,2006,11(7) + 943-948. ]

Lu Ji-wen, Zhang Er-hu. Gait recognition for human identification

based on ICA and fuzzy SVM through multiple views fusion [ J].
Pattern Recognition Letters, 2007, 28 (16) : 2401-2411.
Zhang Er-hu, Lu Ji-wen,

Zhao Yong-wei, et al. Gail recognition via

multiple features and views information fusion [ J]. Journal of Image

and Graphics, 2009, 14(3) ; 388-393. [k fh, =%, &4k
- ZRHERZ AR BRG S STUNLT]. TEEZEIE S

?E( ,2009,14(3) . 388-393. ]

Yang Xiao-chao, Zhou Yue, Zhang Tian-hao, et al. Gait recognition
based on dynamic region analysis [ J]. Signal Processing, 2008,
88(9) : 2350-2356.
Han Ju, Bhanu B. Individual recognition using gait energy image
[J]. IEEE Transactions on Pattern Analysis and Machine Intelligence,
2006, 28(2) : 316-322.

Boulgouris N V, Plataniotis K N, Hatzinakos D. Gait recognition
2006,

using linear time normalization [ J].

39(5) : 969-979.

Pattern Recognition,

Sminchisescu C, Kanaujia A, Metaxas D. Conditional models for



559 10

K TR AR R T Sl A AR A AR Ak B 2B A U

1763

18

19

20

contextual human motion recognition [ J]. Computer Vision and
Image Understanding, 2006, 104(2-3) . 210-220.

McCallum A, Freitag D, Pereira F. Maximum entropy Markov models
for information extraction and segmentation [ A]. In: Proceedings of
17th International Conference on Machine Learning [ C ], San
Francisco, USA, 2000 591-598.

Jiang Wei, Wang Xiao-long, Guan Yi. Improving sequence tagging
using machine-learning techniques [ A]. In: Proceedings of the 5th
International Conference on Machine Learning and Cybernetics [ C],
Dalian, China, 2006 2636-2641.

Kuo H-K J, Gao Yu-qing. Maximum entropy direct models for speech

recognition [ J ] . Audio,

Language Processing, 2006, 14(3) . 873-881.

IEEE Transactions on Speech, and

21

22

23

Sun Guang-lu, Guan Yi, Wang Xiao-long, et al. A maximum entropy
Markov model for chunking [ A]. In: Proceedings of the 5th
International Conference on Machine Learning and Cybernetics [ C],
Guangzhou, China, 2005. 3761-3765.

Goodman J. Sequential conditional generalized iterative scaling [ A ].
In: Proceedings of the 40th Annual Meeting of the Association for
Computational Linguistics [ C], Philadelphia, USA, 2002 9-16.
Yu Shi-qi, Tan Dao-liang, Tan Tie-niu. A framework for evaluating
the effect of view angle, clothing and carrying condition on gait
recognition [ A ] . In: Proceedings of the 18th International

Conference on Pattern Recognition [ C], HongKong, China, 2006 :
441-444.



