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Abstract 
In this study, the musculoskeletal software OpenSim was used to estimate muscle force by applying the two 

actuators. The analysis time and muscle force obtained from two types of actuators were compared to examine 

the selection of suitable actuators for the musculoskeletal analysis of walking. 

Musculoskeletal software is software that can 

calculate joint moment and muscle force by 

performing inverse kinematics and optimization 

calculations using the results of body movement 

measurements. Analysis using a musculoskeletal 

model, which is based on optical motion capture, is a 

non-invasive motion analysis. Thus, musculoskeletal 

analysis enables motion analysis in a wide range of 

fields. 

There are several types of musculoskeletal 

software available. In addition，SIMM [1], ARMO [2], 

and AnyBody [3], which are commercially available, 

OpenSim [4], which is published by Stanford 

University, is widely used. OpenSim, which is free to 

use, is capable of analyzing loads on a muscle like 

other musculoskeletal software. All these software 

estimate muscle force using optimization calculations. 
An optimization calculation is performed to estimate 

muscle force that minimizes muscle fatigue. Since 

the level of muscle activation depends on the actuator 

which is used during the optimization calculation, the 

analysis time and results depend on the actuator. 

Therefore, in this study, the musculoskeletal 

software OpenSim was used to estimate muscle force 

by applying the two actuators. The analysis time and 

muscle force obtained from two types of actuators 

were compared to examine the selection of suitable 

actuators for the musculoskeletal analysis of walking. 

The experiment was conducted at National 

Institute of Technology, Akita College. Study 

approval was obtained from the Research Ethics 

Board, Kogakuin University, and National Institute of 

Technology, Akita College. The participant gave his 

written informed consent to participate after 

understanding the purpose and requirements of the 

study. Kinematic and kinetic data were collected 

using an optical motion capture (Bonita 10; Vicon 

Motion Systems, Ltd.) and two force plates (9286; 

Kistler Japan Co., Ltd.). The size of the force plate 

was 600 mm × 400 mm × 35 mm, and its length is 

3600 mm. The force plates were placed on the 

walking path (Fig. 1). The sampling frequencies of 

the optical motion capture and the force plates were 

100 Hz. 

16 reflective markers were attached to the 

participant’s lower limbs by referring to the Plug- in 

Gait Lower body marker set (Fig. 2). The participants 

were instructed to walk using a natural stride in time 

with a metronome (110 bpm). They performed the 

task with a gait with folded arms (folded-arms gait; 

see Fig. 3). The analysis period was defined as one 

gait cycle from the beginning of the stance phase of 

the left leg (on the first force plate) until the end of 

the swing phase. 

Fig. 1 Walking path 

Fig. 2. Marker positions 
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 Fig. 3. Pose with folded arms 

The CMC actuator and the 

gait10of18musc_Strong actuator were used in this 

study. The force to complement the flexion-extension 

muscles of the lower limb was set to 1 N for the 

CMC actuator, and 100 N for the 

gait10dof18musc_Strong actuator. 

The Gait 2392 model in OpenSim 3.3 was used 

for analysis. The model was scaled with respect to the 

subject's height. The joint angles were obtained from 

inverse kinematics using the reflective marker 

coordinates. The joint moments were obtained from 

inverse dynamics using the joint angles and floor 

reaction force data. Finally, the muscle force was 

estimated by performing the optimization calculation 

shown in Eq.(1) with the two actuators. 

minimize=  (1) 

where  is the muscle force of muscle ，  is 

the physiological cross-sectional area of muscle  and 

 is the number of muscles. 

The results of the muscle force obtained by the 

optimization calculation of OpenSim using the two 

actuators are shown in Figure 4. Figure 4(a)~(i) 

shows the nine muscles of normal walking. The 

computation time for each actuator is shown in Table 

1. 

Comparing the results of the two actuators, dof 

resulted in too much muscle force in all muscles. 
Also, it's noisy. 

In most of the muscles, the firing tendency during 

the stance phase was similar to previous studies in the 

results of the CMC actuator than in the 

gait10dof18musc_Strong actuator. Table 1 also 

shows that the computation time of the CMC actuator 

is about 1/6 of that of the gait10dof18musc_Strong 

actuator. Therefore, the use of the CMC actuator is 

more appropriate than the gait10dof18musc_Strong 

actuator for gait measurement. 

The result for the rectus femoris muscle which 

was obtained by the optimization calculation of 

OpenSim, as an example, using the two actuators is 

shown in Fig. 4. The horizontal axis shows the 

normalized time, where one stance phase is 100%, 

and the vertical axis is the result of the muscle force 

calculated by OpenSim. Red solid curve presents 

result obtained using the CMC actuator, and blue 

solid curve presents result obtained using the 

gait10dof18musc_Strong actuator. The computation 

time for each actuator is shown in Table 1. 

Comparing the two actuators' results, the 

gait10dof18musc_Strong actuator resulted in much 

larger muscle force than the CMC actuator. The 

muscle activity during the stance phase which was 

obtained by the CMC actuator was similar to those in 

previous studies. Table 1 shows that the computation 

time of the CMC actuator is about 1/6 of that of the 

gait10dof18musc_Strong actuator. Therefore, the 

results indicate that the use of the CMC actuator is 

more appropriate than the gait10dof18musc_Strong 

actuator for gait analysis. 
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 Fig. 4. Rectus femoris 

Table 1  Actuator and analysis time 
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Actuator type Analysis time 

10dof 6 m 51 s 

CMC 1 m 11 s 
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