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Abstract Body gesture Recognition has been one of the interested research field for Human-Robot
Interaction(HRI). Most of the conventional body gesture recognition algorithms used Hidden Markov
Model(HMM) for modeling gestures which have spatio-temporal variabilities. However, HMM-based
algorithms have difficulties excluding meaningless gestures. Besides, it is necessary for conventional
body gesture recognition algorithms to perform gesture segmentation first, then sends the extracted
gesture to the HMM for gesture recognition. This separated system causes time delay between two
continuing gestures to be recognized, and it makes the system inappropriate for continuous gesture
recognition. To overcome these two limitations, this paper suggests primitive body model encoding,
which performs spatio/temporal quantization of motions from human body model and encodes them
into predefined primitive codes for each link of a body model, and Selective/Asynchronous
Input-Parallel State machine(SAI-PSM) for multiple-simultaneous gesture recognition. The
experimental results showed that the proposed gesture recognition system using primitive body model
encoding and SAI-PSM can exclude meaningless gestures well from the continuous body model data,
while performing multiple-simultaneous gesture recognition without losing recognition rates

compared to the previous HMM-based work.
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Table 1. 55 Primitive Motion Codes

Primitive Mation Code = (o, B)
Trajectory & Direction Angle
Trajectory | a Direction B | Angle
o Static o ge
: 1 20°
Vertical 1 Clockwise > ¥OE
Trajectory 2 | Counter-clockwize 3 50°
] 4 g0
Horizontal 5 Clockwise T5 | 1n0°
Trajectory 4 | Counter-clockwise B 120°
] 7 140°
Circular 5 Clockwise - 507
Trajectory B | Counter-clockwise 3 180°

...... » Vector of the link
— Projected vector along vertical trajectory

Position
of the vector
along the
Trajectory
(angle)

Time

Static  Rotating Static Rotating  Static
(increasing) (decreasing)

<Position of the Projected vector

along vertical trajectory> <Calculate the angle of rotation & quantize into PMC>

Fig. 1. Detection of rotation along the vertical trajectory
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Table 2. 26 Primitive Pose Codes

Primitive Pose Code = (g, 8)
¥ [0 s} 5]
0 0° 0
; 1 0°
1 45 ) 45°
3 90°
7 90° 7 135°
5 180°
) 225°
8 135° 7 270°
g 315°
4 180° 0
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Fig. 2. Gesture recognition using finite state machine
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Table 3. Definition of State Transitions in SAI-PSM

State . L.
. Description Primitive Codes
Transition
Every state
Forward e o
State transition except |Set of primitive codes of the
. static & backward | motion for the next state
Transition .
state transithon
Set of primitive codes which
. State transition of | can be seen between the
Static State . .
o staying on the motion for the current state
Transition =

and the motion for the next
state

current state

Every primitive codes except
primitive codes for] forward
state transition and backward
state transition

Backward | State transition
State that return to the
Transition |base state
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Fig. 3. State and output of each finite state machine in SAI-PSM
while performing meaningless gestures
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Fig. 4. State and output of each finite state machine while performing
both “Hello” and “Kick” gestures
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Table 4, Gesture Recognition Rate from Various Subjects

\@i'i‘t 123|456 | 7|89 10]sum]|Recos
Gesture on Rate

Attention 10 8| 10 2 6| 10| 10| 10| 10 9 85 85%
Wait 10 8| 10 3 6| 10| 10| 10 9 8 84 84%
Stop 9| 10| 10| 10| 10| 10| 10| 10| 10| 10 929 99%
Come here 7 7 5 9 8 3 8 8 8 7 70 70%
9| 10| 10| 10 9| 10| 10 8| 10 8 94 94%
8 6 6 9 9 7| 10 4 5 9 73 73%
Stand up 5 8 6 5| 10 8 6| 10| 10| 10 78 78%
9
9
9

Hello

Sit down

Lie down 9| 10| 10 5| 10| 10 9 9| 10 91 91%
10 5| 10 8 4 7 5 8 9 75 75%
Turn left 10 7 8| 10 8| 10| 10| 10 7 89 89%
Turn right 10| 10| 10| 10 8| 10 8| 10| 10 8 94 94%
Walk 10| 10| 10| 10| 10| 10| 10| 10 8| 10 98 98%
Follow me 10 9 8| 10 9| 10| 10 9| 10| 10 95 95%
Kick 9| 10 9 9| 10| 10| 10| 10| 10| 10 97 97%
Dance 7| 10 9| 10 9| 10 8| 10| 10| 10 93 93%

Sum 131| 135 125 125 127 | 130 | 137 | 133 | 137 | 135 Overall

Thank you

Recognition Rate 87% | 90% | 83% | 83% | 85% | 87% | 91% | 89% | 91% | 90% 87.7%
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Table 5. Overall Comparison with Other Works

::;pr‘i)t!rﬁ: Yang(2007) | Kim(2007) | Peng(2008) | Peng(2011)
Excluding Non-Gestures o a a o o
Continuous Gesture Recognition o X o X X
Number of Gestures 5 10 s 1 1n
(Total Number of Input Gestures) (1s00) (500) (as0) (830) (539)
Tested by Several Subjects o o o
(10 subjects) X X (10 subjects) [(6-10 subjects)

(Number of Subjects)

Gesture Recognition Rates: Recognition

97.4% 95.42% 94.59%
After Segmentation

Gesture Recognition Rates: Spotting

- - - 80.15%
from Continuous Data £7.7%

i
rlo
ox

-

(e

2 Lrehic.

o

548

TollAE 71ES] HMME 0|83t Hit] A4 <
Msks FAES didatast 7124 A4 g
SAI-PSM-E 31 SAJchA vle] HAR] 914]
%*i’ﬂ% Aotgic). Al wmel 7k e30] B2k AlE7t
Aoz oxsl W T} sH= 7|2 AlH| mdl o5t
olgsl vl gle AXRAS AsHAl Aelsigo,
SAI-PSM-& E3) ZA|chabz o] A|Az] 01A1e a5l
AFS 3 2 Alaglo] 7]E9] HMM 7]9t A A%
JollAl Bloldt =& FEjo] Al2A] Q14 *liEéIOID%
HolM = Folge ASsdnh F5of, A=A <
Sk SAI-PSM &] AAof| A ARgAR] 7<) 04§ ‘_}
Fol ek dA+t7t Zasich

1>

=2

0
—t—‘ FUE r_&

&

o

oX, i~
Ry 01{‘ 1>

o> 1o
o

1]

|

Mo
re

[1] V. Ganapathi, C. Plagemann, D. Koller, and S.
Thrun, "Real Time Motion Capture Using a
Single Time-Of-Flight Camera," Proceedings of
the IEEE Computer Society Conference on
Computer Vision and Pattern Recognition, June,
2010.

[2] T. Gonzalez-Sanchez and D. Puig, "Real-Time
Body Gesture Recognition Using Depth Camera,"
Electronics Letters, vol. 47, no. 12, pp. 697-698,
June, 2011.

[3] J. Shotton, A. Fitzgibbon, M. Cook, T. Sharp,
and M. Finocchio, "Real-Time Human Pose
Recognition in Parts from Single Depth Images,"
Proceedings of the IEEE Computer Society
Conference on Computer Vision and Pattern
Recognition, June, 2011.

[4] D.H. Kim, J. Song, and D. Kim, "Simultaneous
Gesture Segmentation and Recognition Based on
Forward Spotting Accumulative HMMs," Pattern

Recognition, vol. 40, no. 11, pp. 3012-3026,
November, 2007.

[5] B. Peng, G. Qian, and S. Rajko, "View-Invariant
Full-Body Gesture Recognition from Video,"
Proceedings of the International Conference on



(6]

(7]

(8]

Hhe] AAA QA 913 72

Pattern Recognition, December, 2008.

B. Peng and G. Quan, "Online Gesture Spotting
from Visual Hull Data," Pattern Analysis and
Machine Intelligence, vol. 33, no. 6, pp.
1175-1188, June, 2011.

H.D. Yang, A.Y. Park, and S.W. Lee, "Gesture
Spotting and Recognition for Human-Robot
Interaction," Robotics, vol. 23, no. 2, p. 256-270,
April, 2007.

S. Mitra and T. Acharya, “Gesture Recognition:
A Survey,” Systems, man, and Cybernetics, vol.
37, no. 3, pp. 311-324, May, 2007.

JI I Jg-
2010 KAIST Z7]2 A=A 23}
IH(F A
2012 KAIST # 7|9 A A3}
FH(F-3HA AL
2012~ A KAIST A7) DA A}
38} 3} uh A3k

4] £-¢F : Body Gesture Recognition, Deep Learning

_'

oy 2
2005 A&t A7
SHE(FSHA
2007 KAIST 7|9 Az-3-3
FHF A A
2007~ A KAIST A7) L A=}
383} kAL

oK

2007 KAIST Z*ﬂ‘;‘ A3
IH(F8HAh

2009 KAIST Z7]2 A =-238}
IH(FEHA AL

2009~F A KAIST A7) DA =}
Z 87} whAt A

ST

o ¥
2008 KAIST 7] 272338}
IH(F3HAh
2010 KAIST 7124 #-3-3t
(_-_EI-H/\].)

2010~ A KAIST 7] L=
F o3 oL

a =

¥y

1973 A&distn FoigA
71 233K F 34

1977 WAz et A7) 55
SHESHA A

1983 HIAIZET) St Al o] F-3}
sHZshapapy

1976 = dFL A7

1981~1983 P Akt 8kl CRIM 17+ &0l

1983~3 A =737 ed A7 LHAAFEH wF

F A F-oF : Service Robot, Human-Robot Interaction




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


