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Abstract

As various interfacing devices for computational machines are being developed, a new HCI method using hand motion
input is introduced. This interface method is a vision-based approach using a single camera for detecting and tracking
hand movements. In the previous researches, only a skin color is used for detecting and tracking hand location. However,
in our design, skin color and shape information are collectively considered. Consequently, detection ability of a hand
increased. we proposed primary orientation edge descriptor for getting an edge information. This method uses only one
hand model. Therefore, we do not need training processing time. This system consists of a detecting part and a tracking
part for efficient processing. In tracking part, the system is quite robust on the orentation of the hand. The system is
applied to recognize a hand written number in script style using DNAC algorithm.  Performance of the proposed algorithm
reaches 8226 recognition ratio in detecting hand region and 90% in recognizing a written number in script style.

Keywords : HCI, hand detection, hand tracking, primary orientation edge descriptor, gesture recognition.
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Fig. 1. Structure of the recognition system.
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Fig. 2. Preprocessing.
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Fig. 3. After preprocessing, image; (a) detected skin

color and (b} primary orientation edge descriptor.
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Table 1. Orientation degree range and corresponding
gray scale value.
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1125~1575, 2025~3375 100
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Fig. 4. Hand detection processing.
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o 23

ot NEEH E2d

AL &
LB %E%"Mb o o e o = A
ik G A 99 qhelA
= 79 dAsita & 5 ok & =gl
a2 e Holg 1299 & RPN FE3}]
2 BEHE QARLE 1 oty 9N o)y} e
Bl $4E wAA 44 TS wepy FEHE
A Au7t 2 29 Aozt dAR oldt o
S UEhiE JE7F He Adrh A3 Open-

e A% FA6) Axo] @
Y &
&9 9

I

[

{261)

B HIE

EE O]~ HA =8d 9
CV golualeg Abgdte] Zastanh

4. BIH 27 9N

A% & FAZH A5ANS JAslE 4
3 A% Y9 el G o= ozl gros
MEE F DNAC 2uelEoz ve Ags £ d5a
A dolEi el Mg A AR & 2At gl
A w4 g

7h J24E a0 P MY

¥ 9% 2_1501 & 99 T4 FAHA oste a2y
YA 7tz A7 A71E FakL 2 99L& 8X8
A a7z AzAga 38 vHre] Eot sty
AREAE Al EAE A7) WEolth AFHez ¢

=2
e

A2 eoleist ulwaty] ) WA Hao] Y= H¥
9 g 1z T3 UeAE 008 Fuh o] B £o
2 230 99 Rk AT BEe e za

L B

ot

9 <k o= B AE g T £ doe
1\]/\5114 x%o]q._

7}1(3

(61512 F R41%1515]
B11111618

|au08g118
guBgLile
B0111186

a8 9 a37E <A 99 M7y
Fig. 9. BReconstruction image of drawing region.

Lt. DNAC 2
DNAC ¢zgE
3 AislelH 9l DNA #HFH
gFol HE BEFIVIZNY 1 F5E olv] o
< 53 ?Qlﬂoi Jerl o} 3l FHL 7
&9 AR B77I17 5ol 2@ Ajgte] AW o
dnFL &F #Ao] flo] ME & de FEE
7N Qlem WHEAQ X ite] A s|wt E )
o AAukg vlagoRy WHEoR A% A&k
4AS HA% 5 glrk e g=dolge FHPeo] v
WH Fhdste) vad diolef7t weld - st=slof
1} GPUZ 7@3le] At £58 wa7) & 4 qlch
DNAC 4xelF A3 HJ%’—C e 2
YL fHe me] AERE o]Folx U1 Hele

22 F
< DNAS 4R Z3e 54
HAFgdAA RERE 7HA 2

o

op

1
Bl

po=n e
L

A

A1 8.
=

2

1

P —)

O



2010 58 Mxt3&3 =2x H 47 E Cl B

3

Read thetest pattern

v
Readthereference &
maskpatierns

Compare

M
Accumulation Block

Readall
reference
pattemn?

L Select max match

3% 10, DNAC ¢22|5 &AM g
Fig. 10. Block diagram of DNAC algorithm'™.

neE =l dvkn AR of SWH2E AsaA &
£ dYde] SoleH,

O "9 Hoj nol #|Z3}t=
©] & maskz}a o}

@ HA9Hs A9 AE 109 maske] 19 sHEtE
AX e JHALE vsigte] ok oAV|A v
A9 MeE Lu(order)2ta ) o] 2¥E
ARG Az KA AAE.

® 99 HEd vud EE ot YN A4
A A gl sfFshs 29 AFIE 3
U F7h AAE

@® O~Q% ZE€ dHda He AF mflo] A8
.

® O~@& 1% s ]
T7] g 7R 1-‘5— %ﬂk‘_% YEHHY] g2
ki

27 ¥5g A4E.

m 4
1. & 4 Hot
7t AE 23
Agtek & 012 g1 aliﬁ A3 st & 94
12%, && X33 94 353E AH8591 CPU(Intel
Core TM2 Quad Q6600 24GHz), RAM(35G)2] PC&

oA TR Co} Matlabs AHE-stgdch z8)n

(262)

H3=z 7

OpenCV library$} Libsvm& AM&-3th,

&En gl 4 AR A Ledw AL g4
&g XTI 44 oY & WAdg g z2H

olzfel] A7l L &&o] LgE Gio|rt

o
v

o]

Lt A8 23
AL Bl F 7R ALE blws Bgh A
HA = F 201]/\“19} @01 % LA

Bty SVME
3te] Matlabe.2 EZAHA
g A Jexz A% ¥
& &dold 9ES
&t °:‘*‘°ﬂ AZ S%H & o
A¥ zE R 01%0}&1 APEst 7P & 39S & 9
oz Mgt HJEE LibsvmolAd ATste &
#e Fuste M &2 X Al &
A7\7F 42 2 Bg o8 2719 g 4 AL
A& W M HEshA & B9-E ddEsch Algt
3 dneFe) A9 127 F g kA 43g Bel F
8 Wk o2 JeAE dg & &g A4 glo] A &s)
of Hgkrh Whge o] AAYY HE iAo
AT ghol AA o) RELE J9E &9 v
& T8 W oA ZexE Hikd 44 T oA o
FY A & F ABAF @ol M A U 49 &
A ot HEES SVMI 5U3A 82%7F sk
th o] d¥o g AR g FAe] ol MER A
g shte] & S VIR A A At

ov=a

E

E 2 SvMz} HoHsh gn2|E HEE dHluw
Table 2. Comparison of SVM and the proposed algorithm.

SVM A kg Wy
AN/ o B4 29/35 29/35
HE&E 82% 82%
E 3 7l dE8 jaln meotst ¢tuelEs HEE
H|
Table 3. Comparison of the existing template matching
and the proposed algorithm.
HEY wjF | Aerg why
AANE/A24 A D 16/35 29/35
AzE 45% 82%




& & 4 Aok ole EF e WED A
H4& FF volg 7he] TS ¢ F 5l 2 1)
olg] 7hgelA F& W oA 7leAt AFe $4EE
9% + ek

F AL & 3949 ol 7E4] Wy a2

4ol M A Wt o] 71 AER Wi F2
oA 71t 94& WA® 2348 ¢¢ 499
Hlﬁl‘@l‘ﬂr 71Ee] HEY WY Wy L%k
A Udm 71{é HEg
A FF
B
Ate % AEES Byt 19 12& IR
ol FFAo] ohd AL HAMeE F

g3

T1 ot

=
=

(@ (b)

. (@ mMokst om
o AL

Fig. 11. (&) Proposed algorithm and {b) existing method
ternplate matching faulty.

a8 12, 98 sEdo =z olgt mfBM AE My

Fig. 12, Fail to detect skin color region of hand owing

to external environment.

(b)

{a)

a3 13, HMotst ¢2|FE HE (@) 3T () AT AR
Fig. 13. Example of (@) success and (b) failure to detect
hand through the proposed algorithm,

=

(263)

B HIH

QHHO|A HA

A5 ols Zol ziolt A4 Ao r g A
A e A 277 AV A7 ik o] W 2
11(b)s}h 2ol 71&2] A& gL o i &=

7b w7 Wi 438 & JHoR AIA 1¥
1(@)eh o] A YL AR A& 2F 2
a7 wEe] & gde AdeA HEdoh AT
AgE dandEe] B4E JA FF 54E& AL

7] w1 13(b)et Eol &9 o] AL &t

o 4E & 2dy e W $ o dze
23 2971 Ao

2. & % By}

71 M3 27

& 7428 v Y242 ¥ oA ARE e
H% e 99 e e AY ETE LA
. PCE#AT Y & & A% W ¥ SUs
9. 22832 2HE 93 shlas PC CamLogitec

Quickcam Communicate Deluxe, 1309 3}4, 30=Z# <
/Z) & A

Lt.

ek 5194 99lE e

Fig.

14, Companson with (ajcase of non-readjusting skin
color range and (blcase of readjusting skin color

range.



2010d 53 HX3HS ==X M 47 A CIH A 3 = 9
& ot AR Hsd EAE Id o 19 ojx &zttt Z=F4 Zo|7k AU 53] 2, 8 99 7
14(@)3 2o] 294 st A-97F B o]gh 32o] 7 T 2 WA me} e v stef 29 B9
A e ot & 99 FAsE e dd Z oluf 92 2414 He A7t AN 8o} 99 A4
g AHE M AT A ARE FEA] BE T 0ot 12 2914 He 97t dfok ol 71sket
o2 sty R4 vF A4S 7hd BEAE s Aoz HR¥ BFE 7ML e s LUl de
W 2Q04S dodle die] #AE £ vk 2dA Aog BT
39 14 2ol & AT 9 IR HHE A
243 4 (o HFshe N2 ¥oug o §F V. &
% 9B JMEZ WEE 42 A BAE 7RE
PR # EReAE £9 994 Jus B JuE A
st ALggtozn 71E IR At FE o &
3. WA LXt Q1A AE UNEY ded T} A2 FH JRE Foe
o AIB B o QoiA F& B oA S1ExEE PEL o] §atel
BUAN A $ B4 9 pel gre g & VUMD S A RelE € 998 deus
745t7) Slsked PC AT A 52 99 Be PC AF & AATh EF FH oM HE F IR
Cam® AEET. AHAL dolele UCH Machine 4 W9 AZAE Bah 900 ZeAw 53434 vl
Leaming repository™l 4 Optical Recognition of ¥ ° i 214 Fqck. vpxRo.2 334 321
Handwritten Digits Data® AM8stgla dele ez o S22 WA A8 A 4ste dd& S5t
2t W7)A 22 9L zhz) gx8el Az Urm 7} gd7EtE o] &3 &3 JIFFA=NY TS
2o Foh ol AAL HolHZ E£FHAE A&A

Auirh 23 ddo] dnp} XSkl wheh QoA
ago] 2HY goZ o gt} A
vith QAZE At dAGEG 2E 1 ohd 022
o|Az}st 7zt £AUE 64 HER AT 23
A2 GG A HEd = did A5 & Algo] 9xF
ZA7E FAoIAEA A etk HAHAL ool
AEY FAFE 323001 2 £AERE 380(2 )=
A9 5% Mg olF1 Uk

T=

16747 A= 2

Lh, A3 ZH3

Zb =& "ok 10314 F 1003] Alde S HE

90%¢] 91452 104'1“‘311 29 158 2ol 49 )
100
95 -
90 A
g 85
2‘;" 80 -
ed 75 4
70
65 -

60 -

Z%}o~9)
33 15 XX HIolE RAHY 2lAlE |

Fig. 15. Comparison recognizing ratio of each number.

(264)

EAE &

o)Al
RSy B U

nl2 a2 gdy) e ue ALe3)
2 ek At glojA e why o= Eatel AN}
Azkel daglol M stglehs dol E=3 2 oujs}
A M“J TV Trq%L} Ze 7171011 4437t o

7l AAAE F O BE Y% B4 58 43 3

ook & Holt,

&

ra

MO

A

[1] A.Jaimes, N.Sebe, “Multimodal Human Computer
Interaction: A Survey,” LNCS, vol. 3766, pp.1~
15, 2005.

N.Sebe, 1.Cohen, T.Gevers, T.Huang, “Multimodal

Approaches for Emotion Recognition: A Survey,”

(2]

Proceedings of the SPIE, Volume 5670, pp.
56-67, 2004.

[3] wfgM, A=, &34, 94 “&9 olF AF
A % AlaA Q1A AxEes] sk A

84, pp.144~148, Jan. 199.

Pragati Garg, Naveen Aggarwal, Sanjeev Sofat,
“Vision Based and Gesture Recognition.,”
PWASET, volume 37, 2009.

A. Mulder, “Hand gestures for HCI” Technical
Report 96-1, vol. Simon Fraster University, 1996
[6] B. Stenger, A. Thayananthan, PHS. Torr, R.

(4]

(5]



10

olAlo| o5t

g

Cipolla, “Model-based hand tracking using a
hierarchical Bayesian filter,” IEEE transactions
on pattern analysis and machine intelligence,
Septernber 2006.

[ 24, olRs, ARS, FE3, AAF, WA 7]

AFEZ e s =83, vol. 35 No.l, 2008.
Tarek M. Mahmoud, “A New Fast Skin Color
Detection  Technique,” PWASET,  vol.33.
September 2008.

R., Gonzales, and E., Woods, “Digital Image

Processing,” Prentice Hall, Inc, New Jersey,

2002.

[10]BD., Zarit, B.J, Super, and FKH Quek,
“Comparison of five color models in skin pixel
classification.,” In Int. Workshop on Recognition,
Analysis, and Tracking of Faces and Gestures
in Real-Time Systems, pages 58-63, Corfy,
Greece, Sept. 1999. ‘

[11]1D. Chai, and KN. Ngan, “Face segmentation
using skin-color map in videophone
applications,” IEEE Trans. on Circuits and
Systemns for Video Technology, 9(4): 551-564,
June 1996.

[12]W. T. Freeman and M. Roth. “Orientation
histograms for hand gesture recognition,” Intl
Workshop on Automatic Face and Gesture
Recognition, IEEE Computer Society, Zurich,
Switzerland, pages 296.301, June 1995.

[13]K.  Hotta, “Scene Classification Based on
multi-resulution Orientation Histogram of Gabor
Features,” ICVS 2008, LNCS 5008, pp.291~301,
2008.

[14]P. Buehler, M. Everingham, A. Zisserman,
“Leamning sign language by watching TV (using
weakly aligned subtitles),” IEEE CVPR 2009.

[15]N. Dalal and B. Triggs. “Histogram of oriented
gradients for human detection.” In Proc. CVPR,
2005.

(16] M4, A$%E, “Template Matching& $3 A

2& ¢38F 2 ASICH 78, AR =7

A H38, CH, A135 pp.15~24, Jan. 1998

ALY, “DNA A4S 243 x4 ey &

=do] A4, Jstigtn FRrFAFEH] YA

=5, 2008.

FHAL “Multi-class HlolE] £/ $3 DNA

F8 71ere] HEly st=dle] AA) sttt

AR FAF8 T HALEH9 =&, 2008

[19]1 ]-K. Kim, B.-T. Zhang, “Evolving hypernet-
works for pattern classification,” IEEE Congress
on Evolutionary Computation (CEC 2007),

(8]

(9]

(17]

(18]

=
T

{265)

B W Qle{mjois HA

pp.1856~1862, 2007.
[20] University of California Irvine, Machine Leaming
repository, http://archive.ics.uci.eduw/ml/

AN X4 A

(st 21 9)
it A7]E s
A}

1 20083 ~ @A Qe
BBENT ST ML,
| <FBAEF : HHEAA, F4H

>

of & (A3 Y)
1976\ 4 A& st
A}
A& g
A A}
0] = olo] @ o} =Y u gl
A7l 2 AFEFE dhAL
198613 ~1989 v|= =E¢ gy Zuf
19973 ~1998d st I A2 HAAEH 2%
20049 ~2005d Bk ulgtn T %
AR 2 AF4 GRS
1989 ~& A QA3 n R FAFTES L
20003 ~&8A FHAFI7edTE &F
<F@HEk Ay A==, VLSI A4,
Quality of life technology>

A71E

Lo

19783 A 2}-5 8

1986




