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HMM-based Upper—body Gesture Recognition for Virtual Playing Ground
Interface
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Abstract

In this paper, we propose HMM-based upper-body gesture. First, to recognize gesture of
space, division about pose that is composing gesture once should be put priority. In order to
divide poses which using interface, we used two IR cameras established on front side and side.
So we can divide and acquire in front side pose and side pose about one pose in each IR camera.
We divided the acquired IR pose image using SVM'’s non-linear RBF kernel function. If we use
RBF kernel, we can divide misclassification between non-linear classification poses. Like this,
sequences of divided poses is recognized by gesture using HMM's state transition matrix. The

recognized gesture can apply to existent application to do mapping to OS Value.

| keyword : | Upper—body Pose | Upper-body Gesture Recognition | HMM(Hidden Markov Model) | SVM(Support Vector
Machine) | EOH(Edge Orientation Histogram) |
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2.2.2. SVM ( Support Vector Machine )



14 S2EHXSHE|=2X] '10 Vol. 10 No. 8

2(5)9] AFEUE wHEFHEA 2(4)9] HAHS T
sl EAl= Lagrange MultiplierS AH&-3F 2(6) 0.2

i

L(w, b, a) = % lwl?— _;ozi(yi . ((‘Lz . w)Jr b)* 1)

6)

HgHow webedd e 3%, AdEs

(s}
AHg-3te] 57 F7HFeature space)

(Kernel function)&
ANA AYEeE Tt

(17 312 A7t E7Fss dolgd gk =34
e o & HojEth o] HolHE AddTE ARt
5433 st 2 =idAe 22 45
ROIZ  ArslstiAnt AddE7r s7bsstnz

RBF(Radial Basis Function) 73S AF&3sle] ¥

2.3 MAX Q14|

A=A 14 A GAA = Q1M E = JAER
HE A=A E QG 2 =il Ae AlA Q1S
3 HMMS 28319 th HMM2 A7 o2 Aok
e ARl P22 2dy sl Hold Edojr)
Simple Markov Model#to 2 R dlg&lr] 3= A AA
o] FAE EAA wiAWsR Jod 5 A et
e ol il Mge A Ay AR BAS
st aga 35 AR gE X 7 ARe
EA4E e AERE d&AzIT.

HMM o|2jgh i 74| &5 #ge] Ao o]F
o1z AL, o] 7]&e] wheh AdETh A" HMMS

g5 Hlo|HE o] &3t g5 B3l A AlaA el
< TS

. X = DX)
[ . . -O. . »-,‘. .I
LY o »
[ ]

33 3. RBF 722 Ar83to EYS 20 H0EIE &

1A E Astag e AzAst Sl

2 & AA4E EE HMME] Al2=23] s v agh,

eJstol, 7 fAlelthan webEls AsA mEe A
3}

<0,
1>
N
9,

HVM =] Sh5daE 483 HMM«] Sk

wehs Ao 7htel Seap 2
duglEs A8st 7H w& FES Mol A B
95 HF QA A9 FHe

HMME olgfe} 2-& a4w FAH:

O N: dee] =7,
S {8, Sy Sy} BN 1,
g MRFte] A3

O M: D=4, )
V= {U17U2 """ ’UAI} .T’d—é—/‘\:l%gl ;lgi;‘:l]-

0 A {a,): 38 40) 345 2E
a; P(qu S\q,:S),léi,jSN
: el ol 4 el 2 o) 2 8

O B = {bk)}: B5HELEL
b; (k)= (vk \q,: S.)7 <j
WERREMEES

m?L‘»—AﬂJ

[l Tl':{ﬂ't}l Z7)3H gE 2,
m=Plg=25),1<i<N: 27|37} id s
dukz o 2 el HMMS A= (4, Bn) & FAH
o} Folxl o.)°l sl

zdy #=d 0= (0, 0,....,
A

PoN= 3 |rb,(0)]]a, b (O) )
i=2



Tt =0 27+ OIE|H|O|AS 2[5t HMM 7|8t AHIAL HAR O1Al 15
I, &3 Zat

3% 4. Left-Right HMM 71 24

HMM®] -8l Al 749 sjdsfor & &
o} =, 7L a4, E]aL shepel] glom off
Forward-Backward €312]%, Viterbi &L
1 Baum-Welch ¢g]£o 2 sjadgr}, 2 =FojA
= [27 419} 22 Left-Right HMM% 22
Eig=y

22 Aol §80] A1 Hl2] St 4ol
o RS AN Aol 25 ALgF]o] 2
7 gl

(29 6= sheabde vehd Zola, [O2d 7=
HMME AHE-3F Al 2A] Q14 3o wolEth

A
nnnnnnn

AN
nnnnnnn

j_F'_I 5. X‘||AX-| O|A

AN
ANNNANANR

AnnesesEnn
ﬂﬂﬂﬂﬂﬂﬂﬂ

& N9 A=A E Aoetar Al
of o3k 29| Vs wo|RE QIAEE X2E ¥

ghate] Alz=Auie} 3~6702 o5ttt

Gesture “n“

HMM Gesture 1

1 NN Model
Gesture “n HMM Gesture 2
2 nnn Model
Gesture nnn HMM Gesture N
N [44]4] Model

Maximum

HMM Gesture 1 Recognizing
Model Gesture 1

HMM Gesture 2

Lo Lo [§ DYl alal4]
DO ULDLLOLLD] Model

HMM Gesture N
Model

g 7. ’MAX QA npd

NANNYann
nnnnnnnn

nnnncann
nAANNNNNN

H FiriadE=rn
nnnnnnnn

nnnrvnn
nAMnMnnnnn

nNnNvrEn

X, Ofzf : ¥H Z=X )




16 &=228I=85|=2X| '10 Vol. 10 No. 8

| HARE TASHs Exo| iAo M2 IAE Yuz o] A5 Fsd 2 Jake] 953} 7
ol s T oy ERR A ETE ag 22 9 9mdFel 98 Aow YA€,
= agm ko g AFES S Ao rssted

W Aol e 85T & = Z-Depth 7hviet 52 &

HAH 3 pose 4 pose 5 pose 6 pose e : ol ol - B

e g5t0] Ao R ARgRLY] o kmof ghi= QlE ¥o]x

ST

gesture 1 0 0 92% 83% & Tdstfor & Aol

gesture 2 0 86% 87% 53%

gesture 3 0 84% 79% 46%

gesture 4 92% 85% 64% 27% .

gesture 5 74% 53% 38% 14% Zao=d

gesture 6 92% 95% 85% 52%

gesture 7 94% 96% 79% 61% 1] 29, AEs, A, o2, "lde sy
2 S 7]k 22k He AR A AR A st

3l=wA B, All7T-BH, A=, pp.37-46, 2010.

Al2Aui) L299709] Frof] W2 AAELS [ 1]
[2] M. Dimitrijevic, V. Lepetit, and P. Fua, "Human

s ) Azl A AzAS PAsE 120 ) , _
o 4] Hraro] H A H]Zeak o] A ol Fo] £ Body Pose Detection Using Bayesian

Spatio-Temporal Templates,” Computer Vision
and Image Understanding, Vol104, No.2/3,
pp.127-139, 2006.

[3] M. Van den Bergh, E. Koller-Meier, and L. Van
Gool, "Real-Time Body Pose Recognition Using
2D or 3D Haarlets,” International journal of
computer vision, Vol.83, No.1, pp.72-84, 2009.

} [4] F. Wang and C. Zhang, "Feature extraction by

i

maximizing the average neighborhood margin,”
In IEEE computer society conference on
computer vision and pattern recognition,
Vol.1-8, pp.1173-1180, 2007.

[5] P. Viola and M. Jones, "Rapid object detection

Iv. Z8 . .
using a boosted cascade of simple features,” In

B ow=Hoj A= HVM 7]8ke] Al A 2A 2l IEEE computer society conference on computer
tisted 71&sglth Ao 2] Bele] =177} v vision and pattern recognition, Vol.l,
ng shiag B4 ERE 42e] £2948 AT P5LL-51E, 2001
shat= A4S APet T, ATrekE E2GAS SVM [6] M. Van den Bergh, E. Koller-Meier, and L. Van
o o] gdlo] R BEE L2AS MM Gool, "Fast body posture estimation using
ol fate] AAAZ olAGATE olAE AAHE OS volumetric features,” In IEEE visual motion
Valueoll Wi 3le] 7]&2] Applicationd]l &€& 4= 9l computing, Jan, 2008,
ot} BRE ¥= i 2 of %] uhste] H|2:8k 9Jatol [7] Blo}ed, o]A 3} “o]al &Y mlz m 3 wulef 7|4k
Ao e = gAow THEE BAZ o) 1 sk 3k Al A=A 147, Sk A 1 w)EkE] A



7Ky 0| 32 2

FH U 9 1A AT A A2
=23, pp.154-156, 2004,

[8] H Kang, C. W. Lee, K Jung, “Recognition-
based gesture spotting in video games,” Pattern
Recognition Letters, Vol.25, pp.1701-1714, 2004.

FH

X XA N
vl A $HJae-Wan Park) H3|#
20073 2€ : S diEtn AHSE

FEFIH BT
L2000 39 ~ @A A
W AAAFEES WAt 2y

<A Fob> ¢ WEE X A2, AEag QEHo]

£ %] Hl(Chi-Min Oh) o
7

i AAAFE TS AL

<TAROES ¢ MAZA, A2~ HCI

o] & 2(Chil-Woo Lee) 3
- - 1986 29 ¢ Zieta AR
EETC P

1988 24 s HAE

s SHAAD

ol

:
L
{
r_gg
2
2
ot
4
ok
El
[
>
o
=
o
o
Lo
:‘_I‘
=
¥




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


