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1. Introduction 
Visualization technologies are utilized not only for physics, medical sciences, and engineering 
(Hosotani, 2006), but also for sports sciences (Ota, 2007; Page, 2006; Nosu, 2009). In addition to video 
analyses, many studies have reported kinematic analyses of sports participants by using various 
sensors (e.g., Humm et al., 1994; Watanabe et al., 2006). MacWillians et al.,1998 investigated the 
characteristic ground reaction forces in baseball pitching. They utilized force plates and a 
motion-capturing system using reflective markers and a five-camera video analysis system. The 
reflective markers were attached on the body of the subject. They measured and analyzed only 
experienced players to confirm the technical feasibility. However, because their motion-capturing 
system is utilized most effectively indoors, it would be difficult to use such a system outdoors.  

The present paper proposes a method to evaluate the pitching form of baseball players by 
measuring the ground reaction forces and video analysis. The preliminary experimental results are 
presented. The originality of the paper is summarized as follows: (1) simultaneous measurements of 
ground reaction forces and wrist velocity are taken outdoors, and (2) a comparison between 
experienced pitchers and beginners is examined so that the system can be used to train beginners. 
 
2. Evaluation Methods of Pitching Action 

In general, overhand throwing in baseball pitching is 
described as a complex sequence of all body segments 
from ankles to upper extremities. The sequence is often 
described in terms of the velocities of segment endpoints. 
The motion-dependent interaction among segments is 
significant and helps explain the sequencing of segment 
motions, as follows. (1) When the velocity of the ankle 
movement reaches its maximum, the waist movement 
accelerates. (2) When the velocity of the waist 
movement reaches its maximum, the arm movement 
accelerates. In this way, the subsequent forward 
acceleration passes to the wrist and fingers of the 
pitching arm. 

As shown in Fig.1, the system consists of two 
components: (1) video analysis of the pitching form and 
(2) ground reaction force measurements Video analysis 
is used to investigate the body posture, and ground force 
measurements show the loads of the pivot foot and 
step-in foot. Two high-speed video cameras (Casio 
EXilim Ex-F1) operating at 300 frames per second 

capture the front and side views of the movement. The video analysis software  (Octal Easy 8 Core, 
ver. 5.5) traces the position of the wrist to obtain the temporal change of the wrist velocity every 0.5 
second. 

Figure 2 shows the setup of the ground reaction forces. The vertical loads of the pivot foot and 
step-in foot and the horizontal load of the step-in foot are measured by piezoelectric elements 

Fig. 1. System configuration 

Fig. 2. Ground reaction force measurement 
setup  
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(FlexiForce standard AZ201 sensor model, Nitta Corporation, Japan) every 0.5 second. The outputs 
of the piezoelectric elements are amplified, digitized and sent to a personal computer, which outputs 
the time-sequential changes of the ground reaction forces.  
 
3. Results and Discussion 

Figure 3 shows an experiment using the proposed system. 
The measuring commences when the step-in foot is fully 
lifted and the ankle moves forward. 

Figure 4 shows the measured ground reaction forces 
and the velocities of the wrist of two university students: 
(a) a beginner and (b) an experienced player on the 
university baseball team. The velocity of the beginner 
reaches the maximum 2.5 seconds after the ground reaction 
force of the step-in foot reaches the maximum. In contrast, 

the experienced player reaches the maximum velocity 0.5 seconds earlier.  This means that the 
experienced player releases the ball from his hand when the ground reaction force of the step-in foot 
becomes the maximum, so that the movement of the center of the gravity effectively creates the 
throwing power. The similar results were obtained from other beginner and experienced players. 
These results confirm the proposed system clearly captures the body action differences between the 
beginner and the experienced player. 
      

 (a)  beginner (b)� experienced player 
 

Fig. 4 Measured ground reaction forces and the velocities of the wrist of two university students: 
(a) a beginner and (b) an experienced player. V: vertical force, H: horizontal force. 

 
References 
Hirano. Y., and Muramatsu,T., Proc. 40th ICHPER(1997), pp.108-109 
Hosotani,K., Journal of the Visualization , Vol.9 (2006), No.4 ,  pp. 427-436 
Humm, J.R.et al, Proceedings of the 16th Annual International Conference of the IEEE Engineering in Medicine and Biology 

Society, vol.1(1994), pp. 374 – 375, 3-6 Nov.. 
Katsumata,H. and Takeshi Kawai,T., Research of physical education (Japanese Society of Physical Education), Vol.40(1996), 

No.6,  pp. 381-398 (in Japanese) 
MacWilliams,B et al., Journal of Sport Medicine, vol.26(1998),1, pp.66-71 
Nosu,K, et al. ,  Journal of the Visualization , Vol.9 (2006), No.4 ,  pp. 427-436 
Ota, M. and Ninomiya,N., Journal of the Visualization , Vol.10 (2007), No.1,  p. 1 
Page, M.; Moere, A.V., 2006 International Conference on Computer Graphics, Imaging and Visualization(2006), pp. 24 – 29 
Wanatabe, K. and Horikawa, M., IEEE Trans. Systems, Man and Cybernetics-PartA, 36(2006), 3, pp.549-557 

Fig. 3 System implementation 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [7200.000 7200.000]
>> setpagedevice


