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Human Body Model (HBM) and 
Real-Time Movement Analysis
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Virtual Reality (CAREN)
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Clinical Movement Analysis
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Integrated Reality (CAREN/HBM)
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Human Body Model
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Kinematic analysis
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Inverse dynamic analysis
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Design principles
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Human Body Model
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Flowchart
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Kinematic degrees of freedom
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“Global optimization”
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Instrumented treadmills
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Smoothing and differentiation
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Joint moments and power
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Estimation of muscle forces
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Estimation of muscle forces
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Conclusions of review article
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Muscle force visualization
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Real-time performance
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Quadriceps force validation
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Preliminary gait tests
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HBM Gait Report: Muscle Forces (8 of 43)

0 50 100
0

100

200

300

400

500

600

700

Time (% of gait cycle)

M
us

cl
e 

F
or

ce
 (N

)

TibialisAnterior

 

 
Right
Left

0 50 100
0

1000

2000

3000

4000

Time (% of gait cycle)

M
us

cl
e 

F
or

ce
 (N

)

Gastrocnemius

 

 
Right
Left

0 50 100
0

500

1000

1500

2000

2500

Time (% of gait cycle)

M
us

cl
e 

F
or

ce
 (N

)

RectusFemoris

 

 
Right
Left

0 50 100
0

200

400

600

800

1000

1200

Time (% of gait cycle)

M
us

cl
e 

F
or

ce
 (N

)

VastusLateralis

 

 
Right
Left

0 50 100
0

200

400

600

800

Time (% of gait cycle)

M
us

cl
e 

F
or

ce
 (N

)

GluteusMaximus

 

 
Right

Left

0 50 100
0

100

200

300

400

Time (% of gait cycle)

M
us

cl
e 

F
or

ce
 (N

)

BicepsFemorisLH

 

 
Right

Left

0 50 100
0

100

200

300

400

500

600

Time (% of gait cycle)

M
us

cl
e 

F
or

ce
 (N

)

BicepsFemorisSH

 

 
Right

Left

0 50 100
0

50

100

150

200

Time (% of gait cycle)

M
us

cl
e 

F
or

ce
 (N

)

SemiTendinosus

 

 
Right

Left

�

�

�

���������

�

Further scientific questions
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Applications
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Spine

� )���	
��"�	�	+��	���	����6����
����8�	�
������
��
� '�$����	
��3�	,�	�$4

�

�

�

���������

�

HBM timeline
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HBM and other software
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