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Abstract. This study is to develop a multi-functional visualization system 
(KINE) for motion captured Human Body based on Virtual Reality (VR) 
technology, which reconstruct the skeleton rigid model motion in the 3D virtual 
environment. The KINE is based on VR general application development 
platform named VRFlier, which provide an innovative human-machine 
interaction. This paper focuses on the methods of human rigid modeling and 
motion reconstruction. The human rigid modeling is based on Rigid Body 
Assumption (RBA) theory and using Virtual Marker (VM) to position the 
arthrosis of linked body segment. The motion reconstruction is implemented 
through coordination transformation of Local Coordination System (LCS) 
defined by VM. KINE is applied in the research project “Mechanical Virtual 
Human of China”, the results show that this software tool can help conveniently 
analyze the data collected by motion captured system.  
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1   Introduction 

Human motion capture system has already widely used in research of human 
biomechanics. In key research project, Mechanical Virtual Human of China, 
supported by China National Natural & Science Foundation, motion capture system, 
Optotrak TM Certus, is used to measure human body motion and results will be 
transformed into the motion of corresponding musculosketetal model, then human 
mechanics analysis can be made [1]. Dynamical visualization of captured data in 3D 
virtual environment will make researcher observe and analyze the acquisition data 
much more conveniently. The result of kinematics computation, dynamics 
computation and finite element computation could display in same virtual simulation 
environment, so the researcher can make full use of the captured data. 

Visual3DTM is a commercial visualization software system for motion capture data 
[2]. It provides a convenient tool for analyzing the data in 3D visual environment, but 
it can’t provide a fully 3D immersive and interactive environment. The emerging VR 
technology just can meet these challenges, which is a new-type human-machine 
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interaction technology. Visualizing the motion captured system data with VR 
technology will make user observe and analyze the data more conveniently and 
intuitively. 

The following chapters introduce the developed multi-functional visualization 
system for motion captured human body (KINE) which can not only visualize motion 
data, but also provide a set of interactive software tools to make data analysis and 
operation.  

2   System Overview 

The KINE system is composed of following main modules: data input interface, 
human skeleton modeling, motion reconstruction, and human-machine interaction, 
which is shown as Fig.1.  

 

 

Fig. 1. KINE system structure  

Human skeleton motion reconstruction is based on human multi Rigid Body 
Assumption (RBA) theory [3]. RBA is a widely used theory in human biomechanics 
research. It assumes that human limb is rigid body, which is linked by hinge, so the 
human body could be treated as a rigid body system without considering deformation 
under external force. The system provides a human skeleton modeling tool, which can 
build up human skeleton model automatically according to parameters defined by 
user.  

The system provides standard data input interface which support C3D data format. 
The motion captured system uses high precise camera to detect motion trajectory of 
marker which is pasted on the skin of human body, and then transform into human 
motion data. In order to record whole human motion data, it is necessary to paste 
many markers on the measured human body based on the RBA theory. During the 
motion captured process, some pasted markers might not be detected by motion 
captured system because of blocking or out of measuring range, so make the captured 
data incomplete. This system provides customized interpolation method to fill blank 
data. There are linear, spine and customized methods for user’s selection. 
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At the same time, the system is developed based on a software platform named 
VRFlier, which is a general development platform for Virtual Reality (VR) 
application. VRFlier is cross-platform, modular and extensible, which is developed by 
SJTU(Shanghai JiaoTong University) and has already supported successfully for 
many kinds and sizes of VR application development [4]. Based on VRFlier, KINE 
system has a VR-based human-machine interactive module; user could manipulate 
viewpoint and 3D model in an immersive stereo virtual environment. 

3   Human Skeleton Modeling 

According to human multi Rigid Body Assumption theory, human skeleton model has 
been built up, as following Fig.2 in which all the human body segment (e.g., thigh, 
upper arm and forearm) is treated as rigid body. In Fig.2, human body is composed of 
15 rigid bodies whose names are listed in Appendix Table1. Each human limb is 
pasted a Measuring Rigid Body (MRB) and two Virtual Markers (VM). Each MRB is 
built up by 3 or 4 real markers, which could be detected by the motion capture system 
when the marker moves together with the human body. The posture of measuring 
rigid body is determined by MRB. The VM is not a real marker. It is only a marked 
point, which is fixed relative to the MRB. Its position can be computed through the 
posture of MRB. Through using MRB technique, the motion captured system could 
output the position data of the VM even if it is out of measuring range. With VM, it 
can not only decrease the measuring quantity of pasted real marker, but also improve 
the measuring accuracy. 

The rigid body is linked through arthrosis, the midpoint between two virtual 
markers is thought as the center of arthrosis, but the shoulder and hip arthrosis are 
exceptional, their center is offset from corresponding virtual marker which is shown 
as blue and yellow points in Fig. 2. The length H and R is corresponding offset 
distance, which could be adjusted according to each measuring human body. Also, the 
geometry parameter of rigid body, such as length, center of gravid, inertia etc could be 
modified according to the captured human data. 

 

 

Fig. 2. Human skeleton rigid model 
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4   Multi-rigid Skeleton Model Motion Reconstruction 

4.1   Coordination System Definition 

Model-related computations are facilitated by associating a distinct coordinate system 
with each model segment. In KINE system, two kinds of coordination systems are 
used to describe the movement of human skeleton rigid model: World Coordination 
System (WCS) and Local Coordination System (LCS). The LCS move with respect to 
the WCS as the model segment itself moves. The WCS is determined by the motion 
captured system when it is initialized, the captured data is recorded under this 
coordination system. The LCS is determined by those four virtual markers located at 
the proximal and distal of each model segment. The proximal means that the two 
virtual markers are close to human rigid body THO (Truck, Refer to Appendix table1) 
and the distal is away from the THO. The definition of LCS is shown in Fig.3. The 
origin of LCS is located at C1 point, Z axis direction is from C1 to C2, Y axis is 
perpendicular to the plane determined by C2 and distal two virtual markers, 
and X axis is determined through right hand rule. The C1 and C2 is the midpoint of 
two virtual markers located at proximal and distal respectively. 

 

 

Fig. 3. LCS definition of model segment 

Because of the exception of upper arm and thigh segments, the definition of these 
two segments’ LCS is shown as following Fig. 4 and Fig. 5. 

                 
 Fig. 4. LCS definition of Upper Arm                      Fig. 5. LCS definition of thigh  
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4.2   Motion Reconstruction 

Motion captured system uses video cameras or similar devices to track the 
instantaneous locations of target markers as they move. It is usually not possible to 
position the virtual markers at the proximal and distal segment endpoints, because 
these endpoints are defined to be at locations inside the body of the measuring 
subject. Because the position of VM is fixed relatively to MRB, we can compute the 
position of VM when MRB move along with the body segment.  Each rigid body‘s 
position is invariable in LCS, so the rigid body‘s movement is the timing process of 
LCS.   

The coordination system of 3D model in the virtual simulation environment might 
be different from the WCS. In order to make coordination transform conveniently in 
the 3D virtual environment, it is necessary to calibrate the rigid body. The calibration 
process is as follows: to move the proximal center of rigid body to the origin of WCS, 
and rotate the distal to Z axis. As shown in Fig. 6, the rigid body moves from P1 to 

P2.  After the calibration, one can recording the rotation matrix caliM which make the 

rigid body transform from P1 to P2.  
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     Fig. 6. Rigid body calibration                            Fig. 7. Rigid body matrix transformation 

In Fig. 7, the skeleton segment’s posture is determined by the virtual markers (p1, 
p2, p3, p4), the vector 1v , as following formula 1, determines the rotation matrix 

1rotM along the z axis, and vector 2v , as following formula 2, determines the 

rotation matrix 2rotM along the x axis and y axis. C1, as following formula 3, the 

midpoint of proximal end, determine the transformation matrix transM . 
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Fig. 8. Matrix transformation of rigid body in motion reconstruction 

The transformation process of 3D rigid model in virtual environment is shown in 
Fig. 8. The center of proximal end is located at the origin of LCS, the distal is directed 
to Z  axis when the rigid segment has been calibrated. The position of original 3D 
model is shown as red arrow. In there, the horizontal arrow denotes vector 1v and 
perpendicular arrow denotes vector 2v .   

Just as shown in Fig. 8, the transformation process is:  

Firstly, rotate the rigid body segment along z axis using rotation matrix 1rotM to 

green position; 
Then rotate the rigid body segment along x  and y axis using rotation matrix 

2rotM  to yellow position; 

Finally transfer the rigid body segment using transformation matrix transM to blue 

position, which is the final posture of the rigid body segment in this measuring frame.   
So the transform matrix of rigid body: 
 

2 1rot rot transM M M M= × ×
                                      

(4) 

In Fig. 8, the center of vector 1v  and 2v  in green arrow is same as in red where 
offset a visual distance in order to describe the matrix transformation process. 

5   System Integration and Application Verification 

The KINE system is developed based on VRFlier platform using Visual Studio 2005. 
The system‘s human-machine interaction interface is shown as following Fig. 9. In 
this visualization example, the motion reconstruction data come from the research 
project of “Mechanical Virtual Human of China”. 

Through KINE system, the user, with 3D stereo glass, could interact and observe 
the reconstruction process naturally and immersive. During the process of motion 
visualization, user could adjust the viewpoint and the motion replay speed in real-time 
through mouse, keyboard and other interface device. The system will also provide 
tools such as building up parametric rigid model, marker configuration, kinematics 
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Fig. 9. Human-machine interaction interface of KINE system 

 

Fig. 10. Kinematics computation visualization of upper arm 

and dynamics computation and visualization etc. KINE system also provide 
kinematics and dynamics computation function, the computation results can be 
visualized through graph  and also can be output through data output interface. The 
following Fig. 10 shows the kinematics computation result of upper arm.  

6   Conclusion 

At present, the developed KINE system is being used in the research activities for 
“Mechanical Virtual Human of China”. Dozens of kinds of human motion data 
including running, weight-lifting, riding bicycle etc have already visualized and tested 
by the system. The results showed that this system could satisfy researcher analyzing 
requirement of body motion captured data. It also has the flexibility to meet 
customized data formatting, processing, analyzing and reporting requirements.  

Based on VR technology, the developed system provides a more interactive and 
immersive virtual environment for analyzing motion captured data. The best 
performance has obtained by the VR technology, which make the user observe and 
analysis the skeleton movement more naturally and conveniently. In the future, more 
functions will be added into this system. 



122 Q. He et al. 

Acknowledgement 

The work is supported by Key Project from NSFC of China and Program for New 
Century Excellent Talents in University (NCET). The authors thanks very much for 
support from Prof. Chengtao Wang. And the authors are also grateful to the editors 
and the anonymous reviewers for helpful comments. 

References 

1. Cheng-tao, W.: Mechanical Virtual Human of China (in Chinese). Journal of Medical 
Biomechanics 31(3) (2006) 

2. Visual3D manual, version 3, C-Motion, Inc 
3. Biryukova, E.V., et al.: Kinematics of human arm reconstructed from spatial tracking 

system recordings. Journal of Biomechanics 30(8), 985–995 (2000) 
4. Xing-zhong, P., Flier, V.R., et al.: A Software Platform for Virtual Reality General 

Application Development (in Chinese). Journal of System Simulation 17(5) (2005) 
5. Hong-sheng, W., et al.: Human gait measurement based on rigid body and virtual markers 

(in Chinese). Journal of Clinical Rehabilitative Tissue Engineering Research 12(30) (2008) 
6. Cereatti, A., et al.: Reconstruction of skeletal movement using skin markers: comparative 

assessment of bone pose estimators. Journal of Neuro Engineering and Rehabilitation, 3 
(2006) 

7. Guan, L.: Research on Motion Generation and Control Techniques for Virtual Human (in 
Chinese), Doctoral dissertation, Northwestern Polytechnical University (2003) 

Appendix 

Table 1. Name of human segment 

Name Human Segment 
HED Head 
THO Trunk 
PLV Pelvis 
RTH Right Thigh 
RSH Right Shank 
RFT Right Foot 
LTH Left Thigh 
LSH Left Shank 
LFT Left Foot 
RUA Right Upper Arm 
RFA Right Forearm 
RHD Right Hand 
LUA Left Upper Arm 
LFA Left Forearm 
LHD Left Hand 

 


	A Multi-functional Visualization System for Motion Captured Human Body Based on Virtual Reality Technology
	Introduction
	System Overview
	Human Skeleton Modeling
	Multi-rigid Skeleton Model Motion Reconstruction
	Coordination System Definition
	Motion Reconstruction

	System Integration and Application Verification
	Conclusion
	References
	Appendix



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /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 /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 2.00000
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




