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Performance analysis of matrix gait recognition under
linear interpolation framework

BEN Xianye', ZHANG Peng', PAN Tingting', WANG Kejun®
(1. School of Information Science and Engineering, Shandong University, Ji’ nan 250100, China; 2. College of Automation, Harbin
Engineering University, Harbin 150001, China)

Abstract: The existing gait period detection methods are not ideal and the performance of gait recognition is signifi-
cantly influenced by walking speed. Several novel gait period detection methods based on moments are proposed in
this paper. The Zernike moment requires preprocessing including the assurance that the image of the human body is
proportioned normally and is centered properly; the pseudo-Zernike moment may directly describe the motion im-
age, and it may avoid the need for such processing of making the image of the human body centered and sized nor-
mally, so as to directly detect gait periodicity. As the features of one frame are only decided by those of the prior
and the rear frames in walking, a framework for a matrix gait recognition algorithm based on linear interpolation is
proposed. Subsequently, the projection features, Hough transform feature, Trace transform feature and Fan-Beam
mapping feature are applied to the CASIA(B) gait database to prove the validity of the gait recognition framework.
This brings new methods and understanding for solving gait recognition problems. This matrix gait recognition feature
based on linear interpolation is essentially an energy form with different weighted values.

Keywords : gait recognition ; matrix gait recognition; linear interpolation framework ; gait period detection; Zernike

moment ; pseudo-Zernike moment
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Fig.1 Results of gait images preprocessing

1.1 EF Zemike BT EEHRN

Zernike H" " BEIE EURPREL f(x,y) TEIEACHEMR
BV (p,0) LBGE TERALRSME T F 09 % 221K
14 PR n By m B Zernike 254

"L e Vie 0y dxdy . (1)

22+y2<1

XA SRR B R AR, 58 (1) 3

AEH

an
e

<D
nm

n+1 N
Zyp == 2 XS0 )Vo(p.0) " 4y < 1.
x y

R TR E R R Zernike FH, FEEUZ A O
A SR T A, At 5 P A0 s g Bl S5 1) BN B P B +
v < 1, VRTEALR AN TIREE A S 5 1THRL

Zernike FEEAT LU T 05 . 1) e AN AR5 2) 17
BFRIRMTCARNE/N | BT 4R BURRAE (9 AH SCPE RN U A 1
/N 3) WO HNTE B AR A s 4) BARPELS U fE

158 7E Zernike T, B BRI AR T B O
HRRAIE , B e AR R T MR e AR AE R
FHIHHR B FRRAE L 7] DL B — 5 1) 3l 2 M. T
WA 1 PR AR A, R FH R T BT A 1 R T 5
TRAL PR | B Wi 5A Zernike JH 7, PIRLEL, I
gEINE 2 iR T Zernike JE5E AYHFFIE R HAT
B AL Ry T ARBUE AR A i 3875
(SEESINTR S ANl i RS

5 x10°
J— S
] - e
N o5 e B
0 7 1 . . \\_n/J .
10 20 30 40 50 60
W%

(a) RENEJE T /NH—2F 5 5%



B 45 SR (EHESL TR M AL U RO PR RE B - 417 -

J9—{bil
o w o
\Z
TN

0 10 20 30 40 50 60
Uik

(b) ZE MRS R/NH— 25 23R
2 &R 7, MEHKRURR

Fig.2 Detection results using the modulus of Zernike

moment Z,,

1.2 E T Zemnike 58575 B HAAG T
th Zernike %" B EAL A RN

= jmb,, )f(x,y).

x=-ly=-1

R p = ol v 07 FRHE, 0, FRMA, f(x,

W(-1<x<1,-1<y<1) FRLBIELH
(1o 14 BRLASE [BR] ) J J8E R
R, (p) =
nliml ) (2n+1-5)!
2 D Tl ot (e w1001
L —b £/b* - dac
me)'

th Zerike FEMIR SIS 1) BEFE AT 2) &
BEPELT, RIS TR A Tl N el A P s BA 4 | [
Zernike FEAALL , FEAHRI BT BUTE B T, Dl Zernike H1 52
A S Z R B AR K R B 22, BT MR P Y RE ) S0
S, A0S B R 5 0, £h Zemnike A 21 ANAE,
Zernike 5 HA 12 M ;3) 5 B R IAITARTE/N;4)
F R IR e, — i AR T LU AR A B D
Zernike FEAE G AR BF #0378 , H BAT BN 4 5 1R
2235) ZJRIERIK M — 1k Zernike FEHY/NEE
BT LU ROt R — R B 2R AR, T iR
IR 3R 1 e — AR 2 B AT AR, T v B 6 4 ik
AR AN Y 6) RESl & iz 3h [E1&, ] ] Tiz 3
K& 5153 #r.

5K IR BT 1 B 7R (20 25 8 41, SR T 14
BP N IAL PR J7 vk B Wi B AR Zernike % 25, HORE
B, A R & 3 . A Zernike R B A
6) , T HIT A T4 B A4 A v Hh 0 Ak 22 i 5 O
Zernike i 7%, AR, MHAZE R AN 4 P,

10 20 30 40 50 60
(U4

(a) RENESE T /N —2F 5 57

x10°
10
o
ATJ 8 m
z Y MM O
0 10 20 30 40 50 60

e
(b) & NS R/NH— 2525 5]
B3 EA 7, mEBaNRR
Fig.3 Detection results using the modulus of pseudo-

Zernike moment 7',

25><10

20
81
1.0
0.5

0

||] )I

B4 (EA 7, BEHRRNEER
Fig.4 Detection results using the modulus of pseudo-

Zernike moment 7%,

2 AMGHEMERY SR EEER

FRAE AT A 2 02 6 B e T i W
5 WA 3P A D128 0 (0 3 B B
RSB T L 25457 9 B B e £
DUTRR 38 3o A A A L 301 1 25 75 17 )
%%ﬁﬁﬁ@iﬁ%ﬁﬁﬁ%ﬁ%ﬁﬁ%ﬁﬁﬁﬂ

g0 = fx) = +ﬂ%)x_x°
—tqj (xo,f(x())) lﬁ‘ (x],f xl)) %‘%FE%%LE’J 2
/\,'{—i-

Ko FIRH 0 BB PWEG, PRI R
REEOHEE B ¢ A RS n I AR

F(t)=F,, t =n.

S 3ok 2 R A 440 025 DSOS ot 1

> T g




<418 - &

iy
&~
N

o i

F(e)=(n+1-0)F, +(t-n)F,,,,
n<t<n+l (2)
L Fo,y BE a1 WOEES EHR A FRE.
T A0 20 2 4 P B PR AT AR
B — A2 A 5 R BRI .

cTlelF(t)Qm,t)dt. (3)

s T R Z T 50 B R w AR ¢ Ry it
Il Qo) A IBLRAL
Q(w,t)=1+j + cos(wt) + jsin(wt). (4)

Q(w,t) BRELEE iR F S 45 A 45 2 19 FRAE (X
(4) YT 2 B0) |, SR 3032 3 B A RHIE
(X ()G 2 30) KT w ER B TES 3 1
PRSI B3] v i ).

H120(2) ~ (4) RIS SRS

n+1

1\1
Cr= X [((n+1=0F, +(t-n)F,,) x
anlt:n

(1 + cos(wt) +j(1 + sin(wt) )de (5)

F(5) RV 2P 47 (0% R W 20 2 TR ) 30k HE

B0 ZHNESL S R KRR F, (F,,, ) AT SEBIAL
RIS

3 =AMt

A5 53 5l A S ARRE | Hough 78 #2 #4E | Trace
AR RFAE A Fan-Beam WS RFAENG F (1) #E4T 554
A AR AE R 2l v ol 28 3 o3 o T i, B
HAFAE DU R T SC 3 W43 43 B O k. SR B IR R
Pentium ( R) Dual-Core CPU E5200 @ 2.50 GHz,
2.00 GBNAFRY PC AL, WF5EXT 420 CASIA (B) Y
ML AR (H ARz 3h 7 ) 5 3 AR BL ) St 4 7 )
H) B SHA B NEFEITERE TR 6 MEA,
B3 MR TR, 5 3 REAS T, 15 B¢
T4 (nearest neighbor, NN ) 232 #8130 1R 51 K kT
W45 FERAE (A 35
3.1 ¥FHFE

A FEE R AR T B DL, 1T L A B ) —
TR B 50K F (1) SEBIAH PR, B (5)
HEIE Y w (H. WU S ER I R IE 2358 M N
0°.,45° 90°F1 135° B FA— ) BEFNZH G ff BE R

1 TARFRAMATESA AT HSEREIE
FHIRR FG I 25 3 6 (%) AR RS 25 1, o Owy—2 (RERER
(10x+y) NS 2 Belam.

*1 RARKESHNBMUES

Table 1 Similarity measured by Euclidean distance

0° 45° 90° 135°
piil SN
001-1 001-2  020-1 001-1 001-2  020-1 001-1 001-2  020-1 001-1 001-2 020-1
001-1 0 24 39 245 244 241 292 297 295 226 231 238
0° 001-2 24 0 26 244 242 240 287 292 290 224 230 236
020-1 39 26 0 237 235 231 275 281 277 218 223 228
001-1 245 244 237 0 13 26 115 115 117 44 40 40
45°  001-2 244 242 235 13 0 21 117 117 119 45 42 41
020-1 241 240 231 26 21 0 111 111 111 52 47 39
001-1 292 287 275 115 117 111 0 11 23 123 116 111
90°  001-2 297 292 281 115 117 111 11 0 21 124 117 111
020-1 295 290 271 117 119 111 23 21 0 127 120 112
001-1 226 224 218 44 45 52 123 124 127 0 17 27
135 001-2 231 230 223 40 42 47 116 117 120 17 0 25
020-1 238 236 228 40 41 39 111 111 112 27 25 0

M T A R E AR R R R RS A )
Rt A A AR LA AR i AR R | T A
£ BE B P52 R AR 22 AR O, ] — £ B2 AN T[] N |
TEt FA ARG 1 R MU 0K w = nm/16T 1)

n(l1<n<16,n € N) 4 7E—MA A
AT RRRR, R NE 5 PR T LR Y
n =5, w =5w/16T i}, 5o —ff E B AL & fA
B AR B A MR R HA A MEREILT



451

B 45 SR (EHESL TR M AL U RO PR RE B - 419 -

PR AR IR 81.45%.

09 r
0.8 b
06T
|OSE [
o g R
04 F 407135
B a0
03 S s
CE13S T 9071350
02+ & i 0245° o
o 0907
0.] 1 1 1 1 1 1 1 1
0

ES5 B2—AEMASAHERZIARZE
Fig.5 Recognition rate using single angle projection

and combined angle projection

SIHTANE
Q(w,t) =1+ cos(wt) +j(1 +sin(wt)) =

J4+ (1 +tanw?L)4

w
1 + tan> —
2

wt
1 +tan —)°
( dnz)

exp(jarctan ———— ).

2

(6)
KX (6) B S HEREL, Q(w, 1) AYBE R
w FIEF[E] ¢ 284k, HIRZRT 1.4 6 = we, W w 8
K, FOUBT AT A A 5 W3 0 /0N | JUU A0 77 6 9.
R A IS Y w {HAEH B2 CASIA (B) FEJZTE
NIEE 78 3 BT 488 09, WU k25 Wi/s, R H 2
PR TE A AR b AR 0 = Sm/16T SR fE
3.2 Hough ZH#A4FE
WG A R rh B2 (Bt 2e) b ik — e M
D)2 480 3 S s 18] 1) — > i, T HL 2880 ) B X
RIE R R EIE A, B — L iy S RIS 2
R — 2 HLZ (Bl &) , XA 7 K8 Hough 7%
B L o RASETEIERX. p = xcos 0 +
ysin 0, Hr, p AWAE, 0 M FMA, 0 € [ - w/2,
/2], Lhx JOM IR LK SEL I AE =0, p %5
FIER o #RE. R R EHLWAE 0 =n/2, p FT
WERY y 8E 500 =— w/2, p F T y #UE.
mE 6(a) s HEGZSEH A B .C 3 il T
HZ o b AUH 6 Flp 0] LIFR/R X R HER K 6(b)
i HEG A B A B C 3 S ES 50 18] 43 1) e
S 3 FIERMARET — 5 (0,p) , ZA 2R
Bas a2 o BB, Hough 7224 H iy « 43 A
“ET R T XHME R E 6(c) iR A EEE R

Hough 845 5.

y A P
C
a\A
B B
P A
0 c .
o _— o 0

(@) [Efg ) (b) 2l

AR -

(c) Asftr

B 6 Hough &k
Fig.6 Hough transform

BAER: F (1) 46l Hough 28 e ek, i i
WA A S R ) Hough ZE e 0 Al p 19 42 1k 5] B
{8, LA 7E CASIA (B) JE F B9 iR 91808, o] L
Hh 7 ] 5 AR AR P A TR Bl T e A AR P 2 1R ol
FAE LS, v LAAS B HE 5 B B 1R ) 5. SE i v, A
153 34 AR p AR RIBE R R A 0 1Y) Ak ]

B T, %84 0.5.1.2.3 .4 ZHCF G niE 7 B
TN FE w = 5m/16T WA T AR R B,
1.0
09 |
0.8 |
0.7 F
¥ o6
= —©-R=05,T=0.5
=05 F ~o- R=1, T=1
i CTUR=2, T=2
04 - R=3 T:,=3
03 | & —o—R=4, T=4
02072 4 6 8 10 12 14 16

7 & Hough iR 5 &

Fig.7 Recognition rate using Hough transform

R2HWMTHR, T, € {05,1,2,3,4} 5F1%
BORABUNEER R RTRL 2 R 9 0.5,T, 9 4 1,
BAERIR AN 83.33% ; [H5%E p AL B R, 1
B 0 By AR EIRE T, FONFEERAE e [ E T,
M R, FONRAR KRS 3R 3 B M4 4
ST R Hough 78 4 $2 U 25 FRAE B9 FE IS DL K
HERF BN FTLLUE Y, 0 F1 p 11452 Ak 8] B /X
REAE S I T2 A AR 4 1 S0 [ B K, B bR
b SRR s [ BB FERHEZ | SRR AR



- 420 -

BO6E

ES

5

S

Wiz I, £E G PUIERE S

IERRIEIROR, 0 R

e FRHUE AR, p B A E] B HRENZ ).

%2 R Hough THIRISHEMIRSI%

Table 2 Recognition rate using Hough transform to extract

gait feature
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Fig.12 Fan-Beam projection
Fan-Beam WS (1 1] ] 2 500 e L B e FI
ROGTR s B S o WIEE d, 1 T Fan-Beam B84
(155 = B VA 93 €219 % 73 e e/ P 2PN LI 8
DRI 3 Fan-Beam Ji M5 5 PG A0 55 SR R T

A




© 422 - ;O AR

o i 58 &

FEANTREAZAS 24T 2L Fan-Beam BLGFFE.

S AP SRR B RN 64x64,d 1Y/
HN49 MER, M d =49 B, i e WK/ (e €
10.5,1,2,4,10} ), % 4 BTEXHASEHT M Fan-
Beam FF{E FAESRIFEIS | Fan-Beam [ IR 47 iE 4E 4L
DL KO I A B 25 A R A D L Y R R (LA
WA e HYHE I, FRAE HE B A B 8] 45 %4, Fan-Beam Jiit
TRBE ) 450 %I, Fan-Beam Bl & W H B0 5 5% 70
BA T e = 10 WFBLR H W] | A ROR Ok i
25 X IR R FRE4E RO 2 | FRAE B2 BT 8] 3 B
T2 %68 7 1) B A TSR R AT s FRIE A A T
HBGEA H D S R 2 e, S
BRSSO R AR B2 R B[] | Fan-Beam Ji 47
TERAERIC LA Bt g 1 B AR X 3 MR ZR G %
ST AE d = 49 (e =2, BRI IS (R AR AIE 4R BSORE R R 15
FEE /N, HLA AT LA S A H A SR

®4 d =49 19 Fan-Beam $HE FEM HHREEER
Table 4 Feature, time-consumed and dimension from Fan-
Beam projection and corresponding reconstruc-

tion results under parameters d = 49
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Table 5
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Feature, time-consumed and dimension from Fan-
Beam projection and corresponding reconstruc-

tion results under parameterse = 2
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Fig.13 Result from inverse Radon transform
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Table 6 Comparison of this proposed framework and oth-

er algorithms
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