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Smartphone Accelerometer—-Based Gesture Recognition
and its Robotic Application

Sang-Ha Nam' - Joo-Hee Kim™ - Se-Kyeong Heo™ - In-Cheol Kim™

ABSTRACT

‘We propose an accelerometer-based gesture recognition method for smartphone users. In our method, similarities between a new time
series accelerometer data and each gesture exemplar are computed with DTW algorithm, and then the best matching gesture is determined
based on k-NN algorithm. In order to investigate the performance of our method, we implemented a gesture recognition program working
on an Android smartphone and a gesture-based teleoperating robot system. Through a set of user-mixed and user-independent
experiments, we showed that the proposed method and implementation have high performance and scalability.
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Fig. 7. Turtlebot: a mobile robot
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Table 5. Confusion matrix for user-independent experiments
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Table 6. Result for robot teleoperation experiments

Total Successes Failures meEEss
Rate
100 9% 2 98%
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Table 7. Time consumption for robot teleoperation

Step Time Acc. Time
(sec) (sec)
Gesture recognition 0.25 0.25
Command translation 0.15 0.40
Communication 0.90 1.30
Primitie Action translation 0.13 1.43
Motor control 0.03 1.46

Table 7 Fal, 2vhEE AR AZA §HY o140l
Aste] 2ol B9 B4 £qL $ad WA Bit 146
2 AmY Azt £22HASE & F ek olAe g

474 Aol & v 22
ol gt ©

I} 23 7+ EA(communication) THAIE < 09% 24 A A

T A7 oF 62%E AAFATE AaH W el

T A gl whe B4 Al Eed

olt}, o] AYAnE Tl AaH HHS o&

Aojoll A AA =8 Azl Bl A=A 2
ok g

AR ZA g, AxA Aol wg &
Aee & 4 e

N

o I yo
rﬂ—' > mn
)

Xt o
2 e oW rlr

2ol

o
Ju

)

D
Y
rhu

i
Ir oo
o
[» i

o
E’ Y
Y rr
RS

2
— 1o
m
g
N
-
o

2,
= Z
(o}
~ R
Bt o

1o gy
N

=

ML
Ruised
o2

(L o o
 r
2
[
ol
o
R
ui
[
i)
=
>
>
oo
B
F
'®
o

and EI“

ol
ol
e )

oo fo
)
o

2Ll
2
=
k=)
[¢)
(@]
%
3
k=)
=
@z

30 S

i)
=
F_
m
o)
2
]
k=)
=

CAE AR

JERolE AREEA F2

ﬂd
o

FoA 2]

dh= Al

i)
i
Q
[
<
o

P

4
{0,
B
o rx B 2 do

-,
>
o

IR
Kl
fftl
]

2

~N

Jis)

T,
e o
o2 g,
ki
-4
ek

ol
ol
32

o
b=}
>,
o
=+
Bl
i)
>,
ol
e >

o
it
B=)
-
ot
>,

a1
rlr
o
[o
jinc
ol
o
2N xR
e S > o

e,
>

=
o
o

o X rfr

i)
o,
oo
o, 2
rlo

(clustering) "
TENA ol
Model, HMM)[10]2}¢] A &8A vl & 3183 Aot}

oo
ol
ol
Lol

[1] J. Kim, S. Nam, S. Heo, I. Kim, “Design of an Activity
Recognition System using Smartphone Accelerometer”, KIPS

KIPS Tr. Software and Data Eng.



402 SEMEIGE=2X/AZER0 R HI0IH S M23 M6=(2013. 6)

Transaction on Software and Data Engineering, Vol.2, No.1,
pp.1-6, 2013.

[2] J. Liu, L. Zhong, J. Wickramasuriya, V. Vasudevan, “uWave:
Accelerometer-based Personalized Gesture Recognition and
its Applications”, Pervasive and Mobile Computing, Vol.5,
pp.657-675, 2009.

[3] S. Cho, E. Choi, W. Bang, J. Yang, “Two-stage Recognition
of Raw Acceleration Signals for 3-D Gesture-Understanding
Cell Phones”, Proceedings of the 10th International Workshop
on Frontiers in Handwriting Recognition, 2006.

[4] K. Oh, Y. Jeong, S. Kim, H. Choi. “Gesture Recognition
Application with Parametric Hidden Markov Model for
Activity-Based  Personalized Service in APPIME’,
Proceedings of the First IEEE International Conference on
Situation Awareness and Decision Support, 2011.

[5] A. Akl, C. Feng, S. Valaee, “A Novel Accelerometer-Based
Gesture Recognition System”, IEEE Transaction on Signal
Processing, Vol.59, No.12, pp.6197-6205, 2011.

[6] G. Neizen, G. P. Hancke, “Evaluating and Optimizing
Accelerometer-based Gesture Recognition Techniques for
Mobile Devices”, Proceedings of IEEE AFRICON-09, 2009.

[71 T. Marasovic, V. Papic, “Accelerometer-Based Gesture
Classification Using Principal Component Analysis”,
Proceedings of the 19th IEEE International Conference on
Software, Telecommunications and Computer Networks, 2011.

[8] P. Neto, J. N. Pires, A. P. Moreira, “Accelerometer-Based
Control of an Industrial Robotic Arm”, Proc. of the 18th IEEE
International Symposium on Robot and Human Interactive
Communication, 2009.

[9] A. Uribe, et al, “Mobile Robotic Teleoperation using
Gesture-Based Human Interfaces”, Proceedings of IEEE Latin
American and Colombian Conference on Automatic Control
and Industry Applications(LARC), 2011.

[10] K. Serafimov, et al., “Using Mobile-phone Accelerometer for
Gestural Control of Soccer Robots”, Proceedings of
Mediterranean Conference on Embedded Computing(MECO),
2012.

o A 3
e-mail : namsh@kyonggi.ac.kr
2013 A7 igtal 3 #8H (A
0133~8 A A7)t A FE v

EREE:

A58
e-mail : chilang@kyonggi.ac.kr

20033~ A A7|hsti e 5t
AR
: A

)

td
=)
ired
o ofr
=1
o

3 M &
e-mail : tprudzzang @kyonggi.ac.kr
200083~ & A A7Iheka 7 3FE 7 e

4 el =
e-mail : kic@kyonggi.ac.kr
1985 A gulstaL 48k3} (5
19875 A sk 2akatsbal(o] sHA])
1995 A ojstaL 74kaat (o] shubap)
199613 ~& A A7Ijeta 7 e ot




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


