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Person identification from spatio-temporal 3D gait
Yumi IWASHITAT, Ryosuke BABA', Koichi OGAWARAT, and Ryo KURAZUME'

T Kyushu University
Motooka, Nishi-ku, Fukuoka 819-0395, JAPAN
E-mail: tyumi@ait.kyushu-u.ac.jp

Abstract This paper presents a spatio-temporal 3D gait database and a view independent person identification
method from gait. To deal with appearance change of a walking person due to walking direction changes, conven-
tional methods using a view transformation model, which convert a walking image from one direction to an image
from different direction, have been proposed. However, the converted image may not coincide the real one, since
the model was obtained from people except the target. In the proposed method, firstly the 3D model of walking
person is reconstructed and virtual images from multiple arbitrary viewpoints are synthesized. Then, affine moment
invariants are derived from gait images as gait features. In an identification phase, one camera is placed to capture
images of a person who walks in arbitrary directions, and then gait features are calculated. Then the person is
identified and the walking direction is estimated. Experiments using the spatio-temporal 3D gait database show
the effectiveness of the proposed method.

Key words Person identification, gait, 3D shape reconstruction, affine moment invariants
OO000ooooooooooooooooooooon
dooooooooboooboooooooooooon
OO0000o000ooooooDooooooooooo
oooooooooooog.

1. D O0Od

gbooooooooobooboboooooobobo
gbobooooooooboobooooooboooo

goooboooob1goooboooooooooog,
uboo0ooooboboooooboboooooooDn
gbooooooboboooobooboboooooo
uboooooboboooobOoboooooooDo

gboogboooboooboobooboobooobo
20000000000D0O0O0ODODOOODODODOOOn
obooooOoo0oooobobooooooooooon
googoooboooboobooboobooboo

1S3-801 1604



O000o0ooooO0)eooo0o0oooooon
00000O00O0000oo0o0oooooooooooo
O0o00oooo0o0ooooO0ooooooooooooo
00o00oooooo
0oo00ooo0ooooooOooooOoOoooooon
00o00o0000* 0O0"oo00oU0ooooUooo
0000000000000 oooB4pooooo
000oo0oooOoooooooOooooooooo
0000000O000O0ooO0o0ooooUooOoOoUoo
0@Bo00000000000oU(Moooooo o
0000000O000O0o0O0o0oooooooooooo
00o00ooo0oooO0o0oooOooooooooo
1000000000000 0000oUoooooooo
Oo00oooO0o0oooooooooooo 10000
0000000000000 U0oo0O0oUoooooo
Oo00oooooooooooooooo
O000O0O0O0OKaleOOOOOOUOOODOOOOO
Perspective Projection-based Transformation 0 0 0 00O
0000000o0o0ooooooooog[eooooo
0000000O0000ooO0o0ooooOooooUooo
0o00oooo0o0ooooooooOooooooooo
0000000000000 U0oo0O0oUoooooo
O000oO0o0o0oooOoooooooooooooo
OO0 (7800000000000 00OooouUoo
Oo00ooo0o0ooooooooooooooooo
000000000000 U0ooooUooooooo
00o00oooo0oo0ooooooooooooooo
000000000000 00ooooUoooUooo
0000o0o0o0O00ooOo00ooOo0oooooooo
00000o00000o0O0U0ooOoOoUooooooo
oooooooooooo
00o00o0o000oo0o0o0o 3000000000
00000000000O0UooOooooooUooo
O0o0oo0oo0oooOooooooOooleooooo
gooooooo3pooooooooopooooooo
ooo0oO0o0o0o0oooooooooooooooO 3
0000000000000 U0oo0O0oUoooooo
Oo00ooo0o0ooOoOoOoooOoOooooooooo
0000000O0000o0o0ooooOoUooOooooo
00000000000 10000000 oooooo
00000O000U00oo0ooooooooooUooo
0000oo0o00o0ooooooooooooooo
oooooooo
0000000O000oo0o0oUooooo 20000
O0o00ooo0o0ooooooooooooooo 30
0000000000000 U00oo0O0oUoooooo
000 40000000000000000D0000OO
00000o0ooUooooooooooooooooo
Os5000000000000000

T—BN— RRDSITEIR

BULEBIET T T T

HBIRTRE HAEIMET

HITOMEDEITK Y HRIEH
BETY 5MENHS

BT ROISITEIR

01 0Dooooooooooooooooo

2. Dgobooooboobooboob

obooooOobooo3obooooooboooon
gboboobos3b0obobooboobobooooooa
ob030000000000000O0000000000
gboboooobdoboooooboobooocooooboaon
ooboooOooooboboo 200000000 3.emO 00
26md000000000CO0O0DOCOOOO0DOO0ODO
gboboobooboobooooboooboobooooon
0000 (PointGrey 00 ODragonfly2) 0 100000
O1600000000000000000 1032x7760
OOoO00O000O00O000O 1sHz00000000000O
gboboobobooooobobbobooooban
gbooooobooobooooboobooo 100000
gbos8sbioubdz200dboobooooooobobon
obooooOoboooboob 400000000000

gboooooboboooooboob3gboooon
obooooobOooooboboooooboboooon
gbobooboobooboooobooooooboooon
gboboobooboboboooobooboooooooooo
0900000000300 00000uoonooo
gboboobooboobooboboooobooboobo
0000 2000000000000000000 (O
00)0000000000o00o00oooUooo
0000000000000000 3(e)00ooooon
0000000 300000000000 3(b)0D0O0O
obooooobobo3b00ooooboboooooooDn
gbobooboobooboooobobooboooboooooon
gbooooooobooooobooboooon

3. ooobbbuooobbuooobobo
uo

gboboobooooobobooooooboooon
gooooooooobbOoO0ob0oo0oooooooooon
goo

Stepl 00O0O0O0OOOOOQOOOOQOOODOO 3

IS3-801 1605



2.6 m

(a)
Subject B

03 (1)30000000,(b)0000DODO 300000
go.

0000000000 400000000000000
00000000000000000

Step2 00000000O0OOOO1I000O0OOO
0000000000000000000000000
0000000000

Step 3 Step 1, Step 20 0000000000000
0000000000000000

Step4d OODDOOOOD 10000000000
0000000000000000100000000
00000000000 00000000000000
00000

Step5 00O0O0O0OOO0OOOOOOOOOOOO
0000000000000000000000000
0o00O000oooo

googobooobooobooobooo

BRINTRERRER

‘ -

r\; |

\\ SRTHARET

\
\\ /

AN /
-

~_

04 3000000000DODO0OO0OOODOOO.

3.1 00OO0O0oogoood

gboogoboooboooboobooboo3obon
gbob040000000000O000DOO0O00O0O00O
gboogobooobooobooboobooboobon
gboogobooobooob 3opobonobobboobo
obooobobo0ooooboboooo3booooooon
goooboogi1ooooosboobuooboobd
oboooooogsobon

0 5 10 15 20

25 30 35 40 45

50 55 60 65 70

75 80 85 90 95
“ “

100 105 110 115 120

125 130 135 140 145

150 155 160 165 170
n n

175 180

U5 booboboooobooobooooboobooo

1S3-801 1606



3.2 DOO0OOOOoOOoDOoOobDOon

gboooooobooooboobooooooobo
0000 40o00o00000o0oooouoooooo
gbooooooboboooboooobooobooog
oboo0ooooboboooooboboooboooon
gboooooboobooooobooboobooooooo
g2ro0l10000b0oobboooboooooooon
goooooooboboooooooboooooooo
gbooooooboboooobooboooooon

obl1ooooooobooboooooboobooog
uboooooob2000000000000

T

1
I(we'r‘age(may) = Tzl(mayvﬁ)a (1)

t=1

000 T7TO0000O0O0OOUOOODOODOOOI(x,y,t)00
g:ooggbobooobobooooboboooobboooon
oboo0oooobobooooobobooooboobon
gobooboobooboobobobobboboo
600000000000DO0O000
gobobooobooobooboobooboobo
goooooooboooooooooooobooboo
gogboobooboooboobuooboobooon
00000000o0oUooooooo (p+gOOOOO
gogboobooboobooobon

Hpg = ZZ(m,y)EO(x —xg)"(y —yg)'I(z,y) (2)

0000xz,0y, 00000000000000000
0000000000000000000000000
0000000020000000000000000
0030000000000000000000000
000000600 2000000000000000
00 [10][11]0

1

I = —(p2opo2 — 131)
Hoo

1
I, = W(Mgoﬂgs — 6pg021 pa2fi03 + Apiso itz + oz,

00
*3ﬂ§1ﬂf2>

1
I3 = M—7(M20(u21u03 - #%2) — p11(p30H03 — H21f112)
00

+po2(tsopa2 — p31))

1, .
Iy = F(Mgoﬂgs - 6#30N11M12M03 - 6#30#02%1#03
00

+9u30 k02111 + 124120131 i1 o3
+6204011 o2 430403 — 1820411 foz 21 fh12
—8u5 1 3oktos — Bu20kG2 3012 + Ii20 oo sy
+1243 ) poapsopaz — Bt figaiso a1 + Hoatt3o)

1
Is = —5(paottos — 431013 + 339)
Moo

1
Is = HT(N40M04M22 + 2p31 22413 — M40u%3 - Mo4u§1
00

*Ng2)

(3)

RELLLIAR

—SITRES DIV Iy MER

y
L’ X FER

U6 ooooooooobooooobooo

gboooooboooboobooboooooooboooon
gooooooboobooooobooboobooooooo
O0yOOOOoOOoOoOOOooOOooOoooooooooon
oooooooooboobogob 200000

3.3 04000

gooobbbobbotooooooi1booooooo
gbooooobooooooboobooooobooboooo
goodobbboooooobbbbbooooon
oboooooboooooobobooooooooonn
goooobobobbooooooooboo

gboooooboooboobooboooooooboooon
goooooooooboboooooooooooooon
gooooooooboboobooouooooboobooboog
obooooobooooooboooboOoboooooDn
goooobobbobobooooooobobobbooood
obooooOoboooooobobooooooooon
gooooooooboboobooouooooboobooboog
0000000000000 0000DO0 k-nearest
neighbour (knn) 000000

3.4 0U0OO0O0ooOOO

ooooooooobooboooooooboobooog
gbooooo3oboooooboobooooooooon
goooooboooboobobooooboobooog
gbooooobooboooooooboooocooooon
gooooobobobooooobooooobooobooog
oobooobooooooooobooooooooon

IS3-801 1607



gogboobooboobooboobooboobo
oboo0o0oooobobooooobobooooooon
gogbooboobooboobgogo

4. 0 O

gbooooboooboobooboooocobooboooon
gboooooobobbobooooboobooog
goboobooboooboo1boobobooobooo
04000000 4000000000 300000
obooooooooooooo3gbooogoo

u0d1 0ooboobooboooobooooaooo
opboooooo

ub2 00ob000obOooooooooobooooo
oboooooogo

ub3 0Dooooboobooooboobooobooono
opooo

4.1 00O400O0OO0O0OO0O0bObOOoOobobooaobon
gboboooboon

O000ooooooooOoOoOoOoOoooooood]
ododoo0oDooooooooooooooooooo
J000000000b000o00oooooooogn
doodooDOoooooooooooooooooo
0000000000 0000o0oooooooooog
opooooooooo

J0o0000000oo0o0o0ooooooooooon
Jdd0o0o0o0odddoooooobOooOooooon
doooDoooDOoU0oO0ooDOoUOOooDOoOoOooo
0 O O O leave-one-out cross validation D 0 OO0 OO
ooo0oooOooUooorooorooOOOO (OO
0O: 0, 30, 60, 90, 120, 150, 180) DD O OOOOOOO
g200000000

000000 3000() 000002200000
(3) 000000 20000000000000000
0000000o0ooOoobD0o0oooooo 10000
00oo0000oDoboDoU0oooOoooooOooOooDo
000000000o0o0000D0o00oooooooo
doo0ooooooDoooooooooooog

4.2 JU0000O0oOoOooooobobobooooooo
gbooooboobo

000000000000000000000000
0000000000000000000000000
00000000000000000030000000
00000000 180000050000000 2000
250000 74000000000000000000
000000000000 70007000000 (O
O0O: 0, 30, 60, 90, 120, 150, 1800000000 200
000)000000000000000000000
0000000000000000000000000

g7 00000

gooooooboobooooobooboobooooooo
gboooooboobooooooobooocoogooon
gooooooooooboonog
O000O00000O0O00o0Oooono (3) (boooo2
0000)0000o00Oo0o0o0o0oOooooUooOo
obooooobobo 2000000000000000
obooooobooboooobobooooooooonn
gooooooboooooooboboooooooo

02 0020000000 [%)

0000000 [degree]

oo 0 30 60 90 120 | 150 | 180

(300000 | 97.5(90.0 | 100.0 | 100.0 | 100.0 | 97.5

20000

100.0

4.3 0UO00O0OO0O0O0OO0ooboobobooboban
goog

goooooooobooboobooooooooooon
obooooobooooooboooboboooooon
gboogoooboooboboboobooboosuogn
gboooooooobO0O11oobooosoboooo
02000 20000 W0OO000000ODObDOooOO
obooooOob0oooobobooooobobooon
0000008000400 (UDO 1I0DUODO 2000
0300004)000000000000000000
gobOogobOd4s00900013/00000000D0O
obooobooooooboooocooobongs
ooooopboobo20000b0000000DO

00000000 0O0O00o0Oooo (3) (boooo2
0000)000O00000U0UOoOoOoooOoOoOoOoo
gboog3bo0obooboobuoobooboon
ooooooboooooogooon

oooooooboooooooobooboooboooooo

IS3-801 1608



01 0010000000 [%)

0000000 [degree]
od ooooooo 0 30 60 90 | 120 | 150 | 180
(1)oooo 6 90.0 | 72.5 | 85.0 | 77.5 | 90.0 | 85.0 | 85.0
(2)20000 12 95.0 | 80.0 | 85.0|92.5|92.5 | 77.5| 97.5
(3booooo 18 95.0 | 85.0 | 95.0 | 95.0 | 95.0 | 87.5 | 100.0
20000

000000000 (T:00F:0)0040000AOE
00o00o0o0o0ooooOooDO A1, A20000
ooo0O AODOOODO20000000D00C0O0DOO0
oooboo,2,3,400000000000450090
gb13s000000bo0obooooooooooon
gbooboooooboboooooooooboobo
ubobooooobobooooobobooooooo
gbooogobob3bobgsobonoiooobobOon
gboboooooboboooooooobo 200000
gooooobOo 4000000b00boooooodgs
ggboobooboo 0bggbgobogod
gbob0o0oooooboooooobobooooobo
gbooooooboboooobooboo 20000
gboooobooobooobooooboboobooooboiso
ob0o 44s00pooobooooboboboooooo 10
gboo0oooobOobOooooooOoz2000000d0
0100 1oooooooooooogo
uboo0o0oooobooooboobooooobooobn
gogbgoooobo3sgboobooboobooboo
000000UoUUUdO9Yaooooooooooo
goboobooboboobooboobo3ugon
gbooooboobooooobooboooocoogooon
9b)00O00O0O0O0OOUOOOOUOOOOO3000
obooooooboboooooobo

o8 ooooooo

5. 0 0O 0O

gooooobbooooooooooboobobbobog
gbobooooobobooooobobooooobooo
gbooboooooboboboboblebobOobOD

03 0030000000 [%]

0ooooo
00 D00 1]0002[0003[0004
(0O) | (450) | (900) | (1350)
(300000 30 40 90 40
20000

(a) An actual image (b) A synthesized image

09 0oooooooooooobooobboooboooooo

googooooboo3booboooboooboboon
gbO30000000000b00000000b00b000
goooooboboooboboooooobooog
ooooobooobooboooobobooobooboon
gbooooobobooooobool1ooboooooonog
gooooooboobooooobooboobooooooo
oboooooboooooobobooooooooonn
goooooboboooooooooobooobooog
gboooooboboooooboooooboooooonog
goooooboooooooboooooobooobooog
gbooooobobooooobooooobooooonog
gooooooooooobooog
obooobooboo3booboobooooooboan
oobooobOooobooobooobooooooboo
gbooooobooboooooooboooocooooon
obooooooobooobooooobooboooon

| g

[1] I. Bouchrika and M. Nixon, People Detection and
Recognition using Gait for Automated Visual Surveil-
lance, Proc. IEE Inter. Symp. Imaging for Crime De-
tection and Prevention, 2006.

[2] D. Cunado and M. Nixon and J. Carter, Automatic
Ezxtraction and Description of Human Gait Models for
Recognition Purposes, CVIU, vol. 90, no. 1, pp. 1-41,
2003.

[3] J. Acquah, M. Nixon, and J. Carter, Automatic gait
recognition by symmetry analysis, Pattern Recogni-
tion Letters, 24, pp.2175-2183.

[4] Y. Iwashita and R. Kurazume, Person identification

1S3-801 1609



[10]

[11]

04 ODO0ODOOODOOOOO

000 1(00) [0002450)[0003(900) 000 4(1350)
0ooo |oo[o]|oo|oo@o]|oo|oo@]|oo oo @]] oo
A-1 15 F 135 T 80 T 135 T
A-2 15 T 130 T 80 T 135 T
B-1 70 F 145 F 95 T 135 F
B-2 70 F 55 T 100 T 150 T
C-1 5 T 135 F 90 F 80 F
C-2 175 F 140 F 90 T 60 F
D-1 0 F 130 F 90 T 130 F
D-2 180 T 130 F 90 T 130 T
E-1 5 F 80 T 90 T 140 F
E-2 180 F 80 F 90 T 140 F

from human walking sequences using affine moment
invariants, Proc. IEEE Int. Conf. Robotics and Au-
tomation, pp.436-441, 2009.

S. Lee, Y. Liu, and R. Collins, Shape Variation-based
Frieze Pattern for Robust Gait Recognition, Proc. of
CVPR 2007, 2007.

A .Kale,A.Roy-Chowdhury,R.Chellappa, ”To-wards a
view snvariant gait recognition algorithm,”0 Proc. of
IEEE Conf. on Advanced Video and Signal Based
Surveillance, pp. 143-150, 2003.
gooo,00o0,0gob,gogoooooooogd
gooooooooooobobooooooog 120 O
0000000000000 (MIRU2009), pp-359-366,
2009.
goooobooooooboboooobooooo
goooooooooboooooooooboooooo
0000000000000 oooo (DIA2008) OO
000, pp.179-184, 2008.

W. Martin and J. Aggarwal, Volumetric description
of objects from multiple views, IEEE Trans. Pattern
Analysis and Machine Intelligence(PAMI), Vol. 5, No.
2, pp.150-158, 1983.

J. Flusser and T. Suk, Pattern recognition by affine
moment invariants, Pattern Recognition, vol. 26, no.
1, pp. 167-174, 1993.

J. Flusser, T. Suk, and B. Zitova, Moments and Mo-
ment Invariants in Pattern Recognition, Wiley & Sons
Ltd., 2009.

IS3-801 1610






