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1. Introduction 

Inverse dynamics method consists in retrieving forces 

from motion capture data. It implies the use of a 

skeletal model that can be defined as a multibody 

articulated system. For each segment, Body Segment 

Inertial Parameters (BSIP) have to be estimated. 

Without advanced techniques, BSIP are estimated 

from anthropometric data. 

Many papers discussed the influence of the BSIP 

scaling on the inverse dynamics results (Pearsall and 

Costigan 1999), (Rao et al. 2005), (Reinbolt et al. 

2007), (Wesseling et al. 2013). These comparative 

studies were realized on gait analysis. However, 

further investigations remain necessary to extend 

these results, for example with other movements or 

for different populations.  

The aim of this paper is to present a benchmarking of 

3 anthropometric BSIP scaling rules on overhead 

throwing motion. 

 

2. Methods 

One pilot experiment was performed on a single 

subject – a 60 kg, 170 cm – in our lab. This 

experiment was composed of 4 overhead throwing. 

40 motion capture markers were placed on the whole 

body (Figure 1(a)). The motion was recorded at 100 

Hz using a Vicon motion capture system. The 

markers trajectories were filtered using a 4-th order 

Butterworth low pass filter with a cut-off frequency 

of 5 Hz and no phase shift. Synchronously with 

kinematics, ground reaction forces data were recorded 

at 1 kHz from two force platforms. 

The whole body skeletal model used in this study is 

composed of 21 rigid bodies linked by 17 joints and 

exhibits 32 degrees of freedom (Figure 1(b)). 

The joints coordinates were estimated, from motion 

capture, with an inverse kinematics method allowing 

the segment lengths and marker positions to be 

calibrated (Muller et al. 2015). 

BSIPs were estimated using three BSIP scaling rules. 

Two of them are derived directly from literature 

((DeLeva 1996) and (Dumas et al. 2007)). The last 

one is a hybrid method used by the Anybody™ 

modelling software (Anybody Technology). The 

segment masses were estimated using (Winter 1990) 

and segments were considered as cylinders to 

compute their moments of inertia. The dimensions of 

each cylinder are estimated from the mass, the density 

and the length of the corresponding solid. All the 

three methods used a uniform scaling. 

 

  
(a) (b) 

Figure 1 Full body model and marker placements 

during the pilot trial. (a) – Experimental setup for 

motion capture; (b) - Model. 

 

The joint torques were computed by solving the 

dynamical equations. The external forces applied to 

the model were ground reaction forces and the force 

applied by the ball on the right hand. The joint 

torques computed with each scaling method were 

compared. The analysis pipeline was implemented in 

Matlab®. SimMechanics was used to solve the 

inverse dynamics problem. 

 

3. Results and discussion 

3.1 BSIP components 

 

Table 1 summarizes the results of the BSIP estimation 

on the right arm from calibrated model. The 𝑦 axis is 

the longitudinal axis. The moments of inertia are only 

given around the 𝑦 and 𝑧 axis as 𝐼𝑥𝑥  and 𝐼𝑧𝑧 have very 

comparable magnitudes. These results show large 

differences depending on the scaling method used. 

For the mass estimation, relative errors reached 14%.  

The hybrid method gave significantly different hand 

inertias, as it modelled the hand as a cylinder.  
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 𝑚 𝐼𝑦𝑦 𝐼𝑧𝑧 

 

Arm 

Winter 1.62 1.4 12.8 

Dumas 1.39 2.4 12.8 

De Leva 1.57 3.5 10.2 

 

Forearm 

Winter 0.93 0.53 5.5 

Dumas 0.99 0.81 4.9 

De Leva 0.94 0.94 4.5 

 

Hand 

Winter 0.35 0.1 1.0 

Dumas 0.35 1.7 3.6 

De Leva 0.35 1.9 3.1 

Table 1 BSIP components estimated at the arm, 

forearm and hand using the three selected estimations 

models for a - 58 kg, 170 cm – subject model after 

kinematical calibration (𝑚 : mass in kg; 𝐼 : moment 

of inertia in g.m²). 

 

3.2  Joint torques 

 

Figure 2 shows the glenohumeral, elbow and wrist 

flexion torques for a single trial. Mean torque of all 

the scaling methods and maximal torque differences 

(differences of amplitude between the 3 scaling 

methods) are represented. The amplitude of 

differences was similar from one joint to one another. 

However, differences relative to the maximal joint 

torque computed for each joint exhibited very 

different values within joints. 

For the glenohumeral flexion, the relative difference 

was about 5% whereas it was of 70% for the wrist 

flexion. In summary, the relative difference increased 

significantly for distal segments. 

 
Figure 2 Mean flexion torque and maximal torque 

difference of each scaling method for glenohumeral, 

elbow and wrist joints. 

 

Figure 2 only shows a single throwing trial. For the 

four trials, all joints included, the maximal torque 

difference was comprised between 0.82Nm and 

1.07Nm. 

4. Conclusions 

The present study aimed at presenting a 

benchmarking of 3 anthropometric rules of BSIP 

scaling. Even if large differences were observed on 

the BSIP estimation, for the most solicited joints, the 

inverse dynamics results were poorly sensitive to the 

BSIP scaling rules. Further investigations remain 

necessary to extend this benchmarking to more 

advanced techniques to estimate subject-specific 

BSIP and assess their validity for motion analysis. 
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