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Hand posture recognition robust to rotation using temporal
correlation between adjacent frames
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ABSTRACT

Recently, there is an increasing need for developing the technique of Hand Gesture Recognition (HGR),
for vision based interface. Since hand gesture is defined as consecutive change of hand posture, developing
the algorithm of Hand Posture Recognition (HPR) is required. Among the factors that decrease the
performance of HPR, we focus on rotation factor. To achieve rotation invariant HPR, we propose a method
that uses the property of video that adjacent frames in video have high correlation, considering the
environment of HGR. The proposed method introduces template update of object tracking using the above
mentioned property, which is different from previous works based on still images. To compare our
proposed method with previous methods such as template matching, PCA and LBP, we performed
experiments with video that has hand rotation. The accuracy rate of the proposed method is 22.7%, 14.5%,
10.7% and 4.3% higher than ordinary template matching, template matching using KL-Transform, PCA
and LBP, respectively.

Key words: Hand posture recognition($= 2% 212]), Template update(¥] =8 7§ 41), Human-computer
interaction(Q1ZH-AFH A3 2HE)
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Predicted update template b for frame t,

Input:  Updated template P/ at frame t-1, Similarity
Skil,tfl k+1
pl

set St by P, Similarity by P

) K+l
Output: Corrected update template Py

Judge whether there exists the updated

Step 1: template or not

If pHl is NULL,
go Step 2

else
go Step 3

Step 2: Compare the similarity 52 by »f and i1 by
other templates, where 1Si,A<k,i# 2

For all i,

If SH -8 z2e,
i =pl.
go Step 4,

else
p = NULL,

terminate this algorithm,
where ¢, i first threshold of template update and 1<i<kiz]

e S’H]J*l K+l §i0

Compare the similarity %1~ by P and 4

Step 3: by other templates, where the posture of pL!
is 7, and 1<i<k,i# A

For all i,

If S -5 zep
pfr+l:f)i(+l’
go Step 4,

else
pi =p,
go Step 4,

where ¢; is second threshold of template update and 1<i<ki# 2

Assign 4 as the posture of updated template
Step 4: i+l . . .
P, and terminate this algorithm

etnalE 1. Correction  of predicted template  using

similarity measured by chamfer matching
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Similarity S5 by corrected update template pit
2,0

Input: having A as its posture, Similarity S5 by initial

template i

Output: Corrected update template P~

Judge whether there exists the updated template

Step 1: or not

If p“' isn't NULL,
go Step 2

else
Terminate

this algorithm

k+1

o Sk+l,t SLO
Step 2: Compare the similarity °~1 by P and ®:-1

by initial template i
it st -5 <,
p¥*! =NULL,
go Step 3,
else
this

Terminate algorithm

where 2, is reshold of updaed templte elminaon and 17k

Release the assigned posture 2 for updated

template P\ and terminate this algorithm

Elimination  of updated template for

preventing the error accumulation

o} Step 3oA= 784 HEH ] 3

sfAse, dagES EWlnh

34 WA TiMo| ZZHY EE S5 0[83F HlFo|
CEXEN

B wsr AT w3
5 5o, t-1 ZH YA
Z gl

b b
td
o2
-0,
1>
o
&
02‘:,'4
)
£
o,
£

Orientation histogram (OH)& A}-&3}th. OH=
a8 79 @9 2ol 4 1005 53 4 £ 4o

=1
=3
&=

=

T
123456758

(b)

9101112

12! 7. Orientation histogram0fl 2laff 75t m|SAd
S B2 EZ
(@) Orientation Histogram2|

Orientation Histogram

bins,

As)
o
o m[o

[e}
A gl 3 7E 2= OH(TOH) 9 3] &)
% R H4a Fx7
OHROH)7} 7+ 22 3| ~Ea
7hA S| R
B33 AYE 712 w7tA o]FE bin
Jd A=5 dF55x

st

e = B

e

to ot o M W g

3

=

=
P

N
°
TR

o
e
&g

|
(
o =

~
>

Ja P
td

o
N
)
)
to fIF

[‘
> o
> 2

oL

R
2,
(2

[0
Qo

o
2 o
o)

= o
Lo
=S
u
ol
kv
2
RN
%
oL
i)

5
&
alo
o
Lo
Aif
flo
oX
4
r g

>
>
o

ol

ol
£
o
2
ot
o
fru
>
ol
2

o,

i3
B[RS
(o3

%

ofN 2
o
o

o, o oo
Lo

)
4o oXx

do 41 to 1= to o J
1N
i
o, mot M

£ oo
Y &
El o m o
ol
i
=

=2

>

rr

2

l-'O

o

e

K

Ac)

il

2 e & i 2

o
o U
2 ox
o
r 2

M ok o rix
X

i)
o,
=
i
o s
A

o

4 (o
X o
o o
o

¢
il

e ff 2 2 o) N o L ff o 2

2
o Lo

TN



1638  HE|DO|T|0{&ts| =2X] HM13& H115(2010. 11)
41 &9 &4 W, & EYY A&%E WstE kAW, 2 A 3A
z+e z S 30°%0 I8 9= JE vy oA A=
B Ade A9 el Aad gage g o0 TP T N;(j B E 0014;] i
_ N - - H &= 2 o= AREE BT A
7) A ARARD. B 4 AN A5& A &9 fi]x: xjwze b};“j’ﬂ‘:} )
F e e 225 WA g3, Ag" vy T T PTE T
Q= w3l wjAo] UAI FA i S
Fi EE el SR @Aeld Mierosolt ) eimoy g oper weisel oAl A vlm
Lifecam VX-30002.2 &= qich. Ao AM&-H
% RoFS Fist, OK, Palm, Six, V T4l 717 4= 2.9F & A o] EAshe & B Grdel et
S Abgatgdnh 98 Bt e SAEE 160%1200] of FE3 Ao ofS S5 fal At W
Rotation estimation
Bin shift by 1 bin Bin shift by 12 bin
Make the OH 05 [} 015 1]
E-‘- Uoij : TOH n“"‘i’ ]”H 4 13] ‘; M x o I il y o il J
— . 095 i s [ : | 0% “ Il 0% I | “|
Ewd | -l L J[! \[H [[H
Test lmage 1234567 89101112
Compute histogram distance Compute histogram distance ( Estimated >
s 13 ROH 13 13 ROH rotation
uy il oo o T
Vi th O L =l =
m ﬂ“‘j = ROH 1234567800112 1234567891011 1234567891012 1234567890112
aos ¢ | r d d
~ [{TRTILF R
o otation decision
Reference 1234567891012 o— o . [d e d ]
image =arg mn |d,,---,dy

RC

12V EY

Palm Fist Six \%
(c)
9. 30| Z=Xst= ™ H|C|0M ZHEE & 2 (@) maximum clockwise rotation,

maximum anticlockwise rotation

(b)

OK

rotation

Z€ero,

()



o] vlw Aot g Zdd WAE &9 3
o] EAste HIitlL JHd el A& 1 3HA
ke ®lZg A3 (Ordinary template matching)
[17], Improved Chamfer Matchingg A 2F3F [11]9]
W B =FdA AR WS 27 38kt
£ 1A &S HER Y Ao Al
F G7dol disl 1" 99 (b) A F&
BAE 27 AEBOE ARSI & B 24
gt (111914 A
Ma‘mhlngoﬂ/\it ?j‘j’ﬂoﬂﬁ
2E 7P Z vedle
&3t et F
Je] FHx Fo] o]

r}.Ln

LA

N
=
1>

Oérlrﬂto

Py

¢F3t Improved Chamfer
g9 A &

(‘

2~

a=
g

;
FM o

Z

do dr b

o —lm
rﬂo}m
o
of
o
O
g Tl
o% o o 1@ ¢

=

oo

ey

il

P

o

fu

re

>

ox AN

)
o
it
R
ot
2
2

_lhlt 4

o

12

K

Rl oor ¥

o 1>

2=

> g
Ao 1

g K
o >
2
B
fo

ol
38
&

Jz

]I}l_‘
4
fr wu

K-
N
i
M
=2
>
2

ol e
o

=
&

AN

o9
>
>
oo ox
= oof R

Lo

(EAT

A AFe A
ARE YE L,
WHET] 4k AIZE vl Aot 1Y
EollA x F& Xt} sk oA e &
HEtH, y5-& 029 HF =& vehdTh Q14
A% (Accuracy rate)= ot#l o] 4 (1D)eE &

A},

ot
oE
i
&
lo

86.32

Accuracy rate (%)

Palm

Fist Six \4

OK

® Ordinary template matching [17] = Improved chamfer matching [11]

u Template update method

gl 1o.

2ok 7S uEHA] &S (1719 35 3] &4
= g Us HE & 2 A E0] 61.51%=2
7 rokth (171014 A9kt ¥ o] 739 69.77%2]
JANAES HAT [17]H T oF 8% 14 4%

o] YelEtth AbS WY H A ES 84.23%
2 7129 <F 22%, [11] 2o} F 14%2] <14 A5
TS AT ole xﬂ°¥%¥ E@Ea 7820 el o] gt

& 2 xo)

61: /q—

rou has =
o] AFSE A 7HA] HHEL FEAH O Fistd &
EoFol el 7 =2 AAES BAH ol 'S
A 7IRE & BYF 4ol M Fist= 3ol g

T
94 A% A} Ao

Accuracy rate = —=222 x| () e -
R A R B4 % A0 9T B ) FOA LE
total
M7k 27] Witk A Aog o B =wol
A7 M, N A A1 2+ & B T st ﬁ Hheel A9 dus N
' A Abet o] 7]E |ES AR 7IRE ARG
9 F ZH Y FolM, Neomea= 14 27T & = N i}
_ ’ ol Fge FAsch
Ad] F Mol
I 19 == } Lo A ©° 71 )
ASE VIEO R s, A Al Az AzEe FUHE
< T 914 AR 7heS vlad w), [11] B AR £ 2 Q42 g8 AdFan
ol A Aete WrHKETE oF 20%9] A4t A7F A & 71E WHET B =FoA Abe i & mek
IE A ST A4 Aes vusth 43 2o HAEH &9 3
29 109 £E/F dEE 49 29 gew Aol sl vide ddl gl 48 F9Ue gxs
B 1. BEIES I o8 & 2 olA] gei=nto] odA AIZF Hw
Ordinary Improved

Used method Template Matching [17]

Chamfer Matching [11]

Template update method

Overall processing

time rate (%) 100

133 113




1640  ZE[O|C|oets] =2X] H[133 M[115(2010. 11)

92.59

86.32

§0.22 8116
7576, 78.26,¢
1.04
65.16, 65.22 I
Six v

Accuracy rate (%)

2 L
81.48 | 2.05

Palm Fist
mPCA[3] wLBP[4] mTemplateupdatemethod
o
T3 11 7|ES| & B oA WSl o4 M5 Bl

48 #n}

o} (3l A ALFE PCA 7]uke] ¢ 2o Q14 a#w
A 5L ol 43 AT I3 [ A Ak
3 LBPE 540 & & 2o 9142 vl 4y gt

ME AP gew gol AU S, 419
AFEAYY 94 vig e ¥ maQozRy 7 &
Doo]:oﬂ st Ay A 2002},] o]u]x]E_ A el 5k

Fl'

F

o AP AR =
A7E e 1, 3 28 vl AP ALEE V&
U ETte] Ak A vl datelnt. a9 119 &
FoA xFE AR Fhe F MY & RIS
e, yE-2 Q1419 HETE Uit 12 ¢]
AT (Accuracy rate)= 2] (11)of <&l &) ).

¥ 29 FHE B =FdAA Adste Wy At
AIZHE 71F 02 shod, Al A4 A2 S
< Yehdth At Al7ke] S7HeS vwd o), [3]0]

i
N

(o
ok
rE

H2 7|F & 2 o4 SO it Az Bl

Template update| PCA | LBP

Used method method [3] [4]

Overall processing

time rate (%) 100 137 ] 389

A A3t PCAE o] &3 W r ) oF 37%9] A4t
Az A E, (4194 ATe LBPE )83 R
o} oF 289%9] A2k AIZF ZHA &E JHA S
a9 119 =371 vedle 48 Ade oS3
2t PCA [3]9] A 3]7o] A8t A=l sl
B & 2 QX Eo] 7352%E 7FF wkth LBP
[4]9] 75 79.94%9] Q14 ES HYa 318} oF 6%
94 o]/ﬂ /H__ EI:A]—.Q. E‘}i\?} x—]]o]-s]- Hcl-\g_o,] ﬁ:]—T{— o]

il

(

i
¢
his

IZI
1:1{0

mrl

2158 84.23% = [3] BT} oF 10%, [4] Bt} <F 4%9]
A2 A5 FFE 7HAST ol Alte "IEH A
Ao o]g & B Aol 7|Eol At & R
A2 W [3-4] B} 3]l 1S ofv] gt =
3k Ao AFEE A 7HA] HREL FEF O Z Fist
& & 2ol tial] 7 =L JAMES BA ol
429 A8 ZAFe} d#HAS 7HAH Fist & E o]
sl ofgt J W F3H B2 Wsht Ao A
< BAFEY AY A7 E 53 £ =74 AL
WHo] 71E & B Q1A R - AR1EES
gt

B R AE BAR 9% & B 94 4%
Aste v) 98] & el fAe] PG A 7]
B B Q4 2uES Adsgnh Aats
PHOIAE o7 ZelYo RNy 25T & WY W
E2e oe IS BEs] A /1F BELL
2 At & mae] A7) g% & mF A4
5 AE FATh A W FEFE BolY]
S8l o] 9= BASE Wtles dgoz A4
A5 A A Bal F A vla AP 5
St AP AN Fah ANY FuFo] /E
WPHERD RS A2 A5 e A A 318
e BN FF AT AL ol B2
A chepgel FRE A4 A% AN 42
Aolml, o) S8 914 & Bt 2 & B TR
Z742 758 doleju o2 Hrlrt Ba st
%1 e s

[1] Richard Watson, “A Survey of Gesture
Recognition Techniques,” Technical Report,
TCD-CS-1993-11, pp. 1-31, 1993



[ 2] Pragati Garg, Naveen Aggarwal and Sanjeev
Sofat, Based Hand

Recognition,” Proceedings of World Academy

“Vision Gesture
of Science, Engineering and Technology, vol.
49, pp. 972-977, Jan., 2009

[3] Nuwan Gamage, Kuang Ye Chow and Rini

Akmeliawati, “Static Hand Sign Recognition

using Linear Projection Methods,” Proceed-

ings of the 4th International Conference on

Autonomous Robots and Agents, pp.403-407,

Feb., 2009

[4] Xiujuan Chai, Yikai Fang and Konggiao Wang,
“ROBUST HAND GESTURE ANALYSIS
AND APPLICATION IN  GALLERY
BROWSING,” IEEE International Coference
on Multimedia & Expo, pp.938-941, Jun., 2009

[5] Qing Chen, Nicolas D. Georganas, Fellow,
IEEE, and Emil M. Petriu, Fellow, IEEE,
“Hand Gesture Recognition Using Haar-Like
Features and a Stochastic Context-Free
Grammar,” IEEE Transactions On Instru-
mentation and Measurement, Vol.57, No. 8,
pp. 1562-1571, Aug., 2008

[6] Elena Sanchez-Nielsen, Luis Anton-Canalis

and Mario Hernandez-Tejera, “Hand Getsure

recognition for Human Machine Interaction,”

Journal of WSCG, Vol. 12, No. 1-3, pp. 395-

402, Feb., 2004

[7] Erdem Yoruk, Ender Konukoglu, Bulent

Sankur, Senior Member, IEEE, and Jerome

Darbon, “Shape-Based Hand Recognition,”

IEEE Transactions On Image Processing,

Vol. 15, No. 7, pp. 1803-1815, Jul., 2006

[ 8] Qutaishat Munib, Moussa Habeeb, Bayan
Takruri and Hiba Abed Al-Malik, “American
sign language (ASL) recognition based on
Hough transform and neural networks,”
Expert Systems with Applications, Vol. 32,
No. 1, pp. 24-37, Jan. 2007

[9] Lilly Spirkovska and Max B. Reid, “Robust
Position, Scale, and Rotation Invariant Object

Recognition Using Higher-Order Neural Net—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

0|88t 3|Hof Zelst &

[=[-TRCIPN]

& el 1641
works,” Pattern Recognition, Vol. 25, No. 9,
pp. 975-985, Sept., 1992

Iain Matthews, Takahiro Ishikawa, and Simon
Baker, “The Template Update Problem,”
IEEFE Transactions On Pattern Analysis and
Machine Intelligence, Vol. 26, No. 6, pp. 810—
815, Jun., 2004

Tao Wu, Xiaoqing Ding, and Shengjin Wang,
“Video Tracking using Improved Chamfer
Matching and Particle Filter,” IEEE Interna—
tional Conference Computational Intelligence
and Multimedia Applications, pp.169-173,
Dec., 2007

F. Ullah and S. Kaneko, "Using orientation
codes for rotation—invariant template match-
ing,” Pattern Recognition, Vol.37, No.2,
pp.201-209, Feb., 2004
“Hierachical Chamfer
Matching: A Parametric Edge Matching
Algorithm,” IEEE Transactions On Pattern
Analysis and Machine Intelligence, Vol. 10,
No. 6, pp. 849-865, Nov., 1988

Gianluigi Ciocca, Claudio Cusano, Francesca
“Self-
Adaptive Image Cropping for Small Displays,”

Gunilla Borgefors,

Gasparini, and Raimondo Schettini,

[EEE Transactions On Consumer FElec-
tronics, Vol. 53, No. 4, pp.1622-1627, Nov.,
2007

Luigi Di Stefano and Andrea Bulgarelli, “A
Simple and Efficient Connected Components
Labeling Algorithm,” IEEE Image Analysis
and Processing, pp. 322-327, Sept. 1999

B. D. Lucas and T. Kanade, “An iterative im-
age registration technique with an application
to DARPA Image
Understanding Workshop, pp. 121-130, 1981
Chao Hu, Max Qinghu Meng, Peter Xiaopig

stereo vision,” Proc.

Liu and X. Wang, “Visual Gesture Recogni-
tion for Human-Machine Interface of Robot
Teleoperation,” IEEE International Conference
on Intelligent Robots and Systems, pp. 1560—
1565, Oct., 2003



s

[e]] =
) =
1998 AAstm 7] A &8k

A
AA et 717 st

ZE(D|Ciofets] =2X| A13A H115(2010. 1)
of § ¢
g St
2000
A4
2000 AR Fe ALY
AHd

1642
20093 EFEthen

A}
2009 ~ &) KAIST #7] 2 =
B

2001 d ~AA FxAATAATE AT
HA ok 2HEHL WA, ol A/MITL A B 4

A P
AR omA/MIY L
P84, e 3D HlY
L FA % <A B
(L =
2005 o}t H R Y FH 5
Fohal oha} =
KAIST HREZA13 st 19861 A #oista AAE s
HAREA SRR R RS
W ARk
APdAT<

2008
R
2008 d ~& A KAIST
F8} WAL
2]
at

19919 ~ & A FFHAFTAATA

A EoF: SoC, multimedia networking, ©] "] x]/H]t] 2

= g o
ZAAF 8t

Aol 2 A

ol MY A9y, olnx/HY L
19851 A A th 8w

a4}
1987 KAIST A7) 2383} A4}

=
=
A}

1992 @ KAIST #7383} vha}

A Rof
L
=)
1997'd KAIST 71453}
1999 KAIST 7)A &8 A}
20053 KAIST 714 &8t} vbah

20054 ~ @A FxAAFAAT
19924 ~19959: Dept. of

Radiological Science
University of California

2 AgaTe

Irvine Y ATH
19973 ~2008d =GR EF st n P
2009 ~&A): KAIST A7) & Axgsta P
L M Rl Pt VA ==

Ao ZE Aol o vl A/l
He Ae 2 w4

Bk olmA/M T e
S5 4, MPEG 7, 414



