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INTRODUCTION 

At the University of South Florida, the Robotic 
Human Body Model (RHBM) was created with 
the goal of improving upper extremity prosthetic 
prescription, training, efficacy and design (Lura, 
2012). Currently the 25 degree of freedom (DoF) 
model predicts the movement of able bodied 
subjects using a weighted least norm (WLN) 
solution algorithm (Dubey, 1995). The algorithm 
assigns appropriate penalization weights (PW) 
which restrain each joint based on how high the 
value is. However it was simpler to incorporate 
the WLN in the RHBM by using the inverse of 
the PWs, so higher values of these coefficients 
translate into greater mobility. The RHBM will 
use the joints that have the least penalization 
more to achieve a position and orientation in 
space. This helps to select the optimum joint 
angles for the desired position and orientation. 
In the context of human motion simulation, the 
algorithm will achieve a human-like pose by 
using the same joints a human would. This will 
help selecting a prosthesis that will allow the 
amputee to perform tasks with minimal 
compensatory motion. The purpose of this paper 
is to compare the PWs between able- bodied 
subjects and amputees in an effort to quantify 
compensatory movement    
METHOD 

Ten able bodied persons and five males with an 
amputation on the left side below the elbow 
(transradial amputees) participated in the study. 
They performed activities of daily living (ADL) 
including drinking from a cup, brushing hair, 
eating using a fork and a knife, lifting a laundry 
basket and opening a door. Movement was 
recorded using a Vicon (Denver, CO) motion 
capture system. The movement data were 
imported to Matlab (Version 2011, Mathworks, 
Natick, MA). Joint centers (JC) and joint angles 
of the upper limbs and torso were calculated. 
Using those data a 25 degree of freedom (DOF) 
model was created for simulation. A PW value 
was generated and assigned to each JC. Each 
PW value changes the probability of the JCs 
utilization. This allows the model to simulate the 
appropriate joint to use to perform a task in a 
human like way 

RESULTS 

In Figure 1 the inverse of the PWs with the most 
interest are compared, the higher the inverse of a 

weight, the more mobility of the JC.  The JCs 
presented here are torso extension (T.E.), Lateral 
torso flexion (L.T.F.), Torso rotation (T.R.), Right 
carrying angle (R.C.A.), Left carrying angle (L.C.A.). 

            Figure 1 Inverse Penalization Weights 
DISCUSSION 

The higher values of the torso inverse PWs are 
translated into higher mobility of the torso. This was 
expected since amputees are known to use their torso 
more but here a more quantifiable approach is 
presented. The right carrying angle is the same in 
both able-bodied and amputees but the left carrying 
angle is higher in amputees since they are missing 
the wrist. It should be noted that part of the left 
carrying angle mobility is caused by the slip between 
the residual limb and the prosthesis which adds some 
instability to the upper extremity. 
CONCLUSION 

Assigning PW to penalize each JC effectively 
quantifies its movement and as a result it is possible 
to model the motion of the human body. Future 
research will incorporate the socket slip in the model 
in a more integrated way.  
CLINICAL APPLICATIONS 

By evaluating the compensatory motion of amputees 
in an objective quantifiable way, improvements for 
fitting and training prosthesis users can be made. 
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