
VIRTUAL REALITY SIMULATOR FOR TRAINING AND EVALUATING  

MYOELECTRIC USERS  

 

Joris M. Lambrecht, Chris L. Pulliam, and Robert F. Kirsch
 

Department of Biomedical Engineering, Case Western Reserve University 

Wickenden Building 311, 2071 Martin Luther King Jr. Drive, Cleveland OH 44106, USA 

ABSTRACT 

Controlling multiple degrees of freedom intuitively and 

efficiently is a major goal in the field of upper limb 

prosthetics.  Many novel algorithms have been conceived to 

meet this goal, but few have been tested in a functionally 

relevant manner.  We have developed a virtual reality 

myoelectric prosthesis simulator for testing novel control 

algorithms and devices.  The system acquires EMG 

commands and residual limb kinematics, simulates the 

prosthesis dynamics, and displays the combined residual 

limb and virtual prosthesis movements in a virtual reality 

environment that includes force-based interactions with 

virtual objects.  Both a transhumeral and transradial 

simulator have been developed.  The transradial simulator 

includes a dexterous hand and haptic feedback to the 

residual limb.  The virtual reality prosthesis simulator is a 

promising tool for evaluating control methods, prototyping 

novel prostheses, and training amputees.  Due to its 

relatively inexpensive and portable components (excluding 

the haptic device), the simulator can be used in the lab, 

clinic, or at home.   

INTRODUCTION 

Researchers have sought to improve control of 

myoelectric prostheses for several decades.  A major goal is 

to achieve simultaneous, or at least seamless, control of 

several degrees of freedom.  Many promising control 

algorithms have been developed using pattern recognition 

techniques.  However, few of these algorithms have been 

tested in a closed-loop manner, and even fewer have been 

tested in a functionally relevant way.  Virtual reality has 

been suggested as a method to quickly develop and evaluate 

control strategies, prototype devices, and train subjects.[1-3]   

Previous myoelectric prosthesis simulators have 

included costly or complicated components making them 

impractical for widespread use in clinical settings [1,2].  

Also, only recently have advances in computer hardware 

and development of real-time physics simulation software— 

driven by widespread use in commercial video games—

made real-time simulation of many physical interactions a 

possibility. 

We recently developed a transhumeral simulator [3] 

and demonstrated a standard clinical assessment within the 

virtual reality environment, using a force-based physics 

engine.  We have now developed a dextrous hand for 

transradial simulations and added the capability for haptic 

(i.e. force/touch) feedback to simulate collisions and inertial 

affects of the prosthesis. 

METHODS 

The simulator user, with or without upper limb loss, 

views an animation of his or her residual limb movement 

and the simulated prosthesis movement in a virtual 

environment. The system includes several components: 

kinematic tracking, EMG or command acquisition, data 

analysis and control, physics simulation, visualization, and 

haptic feedback.  These components are illustrated in Figure 

1 and described in detail below. 

1.Kinematic Tracking 

Kinematic tracking of the residual limb can be achieved 

in multiple ways.  For a portable system, one or more 

orientation sensors (e.g., 3DM-GX1, MicroStrain Inc., 

Williston, VT) are used to accurately measure the 

orientation of limb segments by fusing signals from triaxial 

accelerometers, gyroscopes, and magnetometers.  Since the 

sensor always outputs heading relative to magnetic North, 

the subject should keep his or her body oriented in the same 

direction during trials.  Since the subject should always face 

the computer monitor, his or her direction with respect to 

North can be calibrated quickly using the same sensor.  If 

motions of two limb segments (e.g. upper and fore arm) 

need to be recorded, two sensors are required.  Otherwise 

one sensor is sufficient. 

In a lab setting, the HapticMaster[4] (Moog FCS, 

Netherlands) can be used to record the 3D position and the 

3D orientation of the residual limb segment via a 3-dof 

instrumented gimbal.  Since the position returned by the 

HapticMaster is the proximal attachment point of the 

gimbal, some simple forward kinematic calculations based 

on the segment lengths of the gimbal are required to get the 

position of the end of the residual limb segment. 

From "MEC 11 Raising the Standard," Proceedings of the 2011 MyoElectric Controls/Powered Prosthetics Symposium Fredericton, 
New Brunswick, Canada: August 14-19, 2011. Copyright University of New Brunswick.

Distributed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 United States License by 
UNB and the Institute of Biomedical Engineering, through a partnership with Duke University and the Open Prosthetics Project.



 

 

Figure 1: (A) Portable simulator setup for a transhumeral 

amputee.  (B)  Lab-based simulator with haptic feedback for 

a transradial amputee.  (C) Flow chart for simulator.  Each 

component is described in detail in the text. 

2.EMG Acquisition 

Electromyogram (EMG) signals are amplified and 

collected using an 8-channel wireless data acquisition 

system, the BioRadio 150 (Cleveland Medical Devices Inc., 

Cleveland, OH), and disposable snap-type surface 

electrodes.  The BioRadio samples up to 960Hz.  EMG 

filtering and feature extraction is done in software (see next 

section). The device also has an auxiliary input that can be 

used to interface with non-EMG based prosthesis inputs 

(switches, linear potentiometers, etc.). 

3.Data Analysis & Control 

The HapticMaster, orientation sensor, and the BioRadio 

as well as the visualization system (described in the next 

section) are interfaced with MATLAB & Simulink (The 

MathWorks Inc, Natick, MA).  Use of the Simulink block 

diagram interface results in a modular system that is very 

easy to customize.    For instance, the system allows for 

almost unlimited customizability in EMG processing and 

command algorithms.  Time-domain feature extraction 

methods [5] commonly used in pattern-recognition systems 

have been implemented into the simulator.  Also digital 

high-pass filters for eliminating motion-artifact and band-

pass filters for eliminating 60-Hz noise are implemented. 

4.Physics Simulation 

Physics simulation is implemented using Newton Game 

Dynamics (NGD, newtondynamics.com), a deterministic 

force-based solver, used in previous hand simulations [3,6].  

Table 1 summarizes the dofs currently modelled in our 

simulators.  The virtual hand prosthesis used in the 

simulator has individually compliant “motorized” digits that 

are controlled in concert, similar to currently available 

dexterous hands (i-LIMB, BeBionic, and Michelangelo).   

Table 1: Prosthesis functions in simulators 

Transhumeral 

(based on Utah Arm 3) 

Transradial 

(based on dextrous hand) 

 elbow flexion/extension 

 wrist pronation/supination 

 hand opening/closing 

 wrist flexion/extension 

 wrist ulnar/radial deviation  

 thumb palmar abduction/adduction 

 hand opening/closing 

 

Each prosthesis segment is described by a collision hull 

that accurately matches the shape of the segment (including 

concavity), an inertial matrix and mass—affects dynamic 

properties, and friction and elasticity of its surface—affects 

its interaction on other surfaces.  The prosthesis dofs are 

described by stiffness, joint limits, and maximal torque to 

match a desired joint angular velocity.   

Objects in the environment are treated as rigid bodies 

and can take any shape.  Varying frictional coefficients and 

masses can make objects easier or more difficult to grasp. 

The residual limb segments are kinematically 

constrained to match the user’s actual residual limb 

segments.  Because obstacles exist in the virtual 

environment but do not exist in reality, this kinematic 

matching can result in a “paradoxical” situation in which the 

physics engine cannot solve for all the constraints in the 

system.  The residual limb constraints are less stiff than the 

virtual prosthesis joint constraints, such that the shoulder 

will “dislocate” slightly allowing the prosthesis constraints 

to be maintained in these situations.  Still, despite this, and 

simulated tasks being carefully designed to minimize 

collisions, some user education is required.  Alternatively a 
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haptic feedback device can be used to actually move the 

user’s arm away from the collision (see section below). 

5.Visualization 

The visualization is implemented using a custom 

application made with Gamestudio A7 game development 

system (Conitec Datasystems Inc., La Mesa, CA).  This 

game engine is highly flexible, but easy to use, and supports 

soft skin deformation, dynamic shadows, high-quality 3D 

graphics, and custom plug-ins.  The physics simulation 

described above is also incorporated into this application.  

Kinematic data from the residual limb and prosthesis 

commands are received from MATLAB through a custom 

plug-in.   

6.Haptic Feedback 

The HapticMaster can be used to apply forces to move 

the user’s residual limb and simulate the weight and inertial 

effects of a prosthesis.  Force vectors from collision points 

in the NGD physics simulations can be queried and sent to 

the HapticMaster, via the MATLAB interface, and applied to 

the user.  In this manner, the user actually feels collisions 

caused by their movements in the virtual environment.  The 

actual force applied by the user is measured by the onboard 

force sensors.  The applied “reaction” force can thus be 

normalized to the user’s force. 

 

RESULTS  

Figure 2 shows a screen capture from the transhumeral 

simulator, demonstrating various objects that can be 

manipulated in the workspace.  Figure 3 shows several 

screenshots from the transradial simulator, highlighting the 

dextrous capability of the hand.  Note that the fingers are 

simulated with two segments rather than three.  Currently 

available dextrous hand prostheses also use two-segment 

fingers (i.e. the distal phalangeal joint is fused)  

The combination of 3D graphics, immersive 

stereoscopic viewing, accurate dynamics and collision 

simulation make the simulator quite compelling.  

Preliminary users do not need much time to become 

accustomed to operating the virtual prosthesis in the virtual 

environment. 

 

DISCUSSION 

Implications 

In the simulator, kinematic recording of the residual 

limb is required because most manual tasks require 

positioning the whole arm, not just the joints of the 

prosthesis.  Positioning of the residual limb also has other  

 
Figure 2: Screen captures from the transhumeral simulator.  

The terminal device is shown without a glove. 

 

  
 

 

Figure 3: Screen captures from our prototype dextrous hand 

simulator, showing several objects and grasp types.  The 

final system will hide collision hulls (left) from the user and 

display only a realistic model of the hand or simulated 

prosthesis (right) 

 

implications as decoding algorithms can be highly 

dependent on posture [7].  For instance, the biceps and 

triceps—commonly used as command sources in 

transhumeral prostheses—are both biarticular muscles that 

normally cross both the elbow and shoulder joint and 

therefore may become active when the shoulder is moved, 

possibly eliciting unintended commands. Therefore, it is 

necessary to test control algorithms under various postural 

conditions to insure that they will be robust during regular 

use.  The prosthesis simulator is an ideal tool for evaluating 

of control algorithms in all postures for both users with and 

without limb loss.   
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The simulator can also be used to test novel devices 

before they are manufactured.  For, instance our simulated 

dextrous hand includes active flexion/extension and 

ulnar/radial deviation, which is not available in any 

commercial prosthesis system.  Furthermore, maximum 

speeds, friction, masses can all be adjusted to test their 

influence on performance.  The simulator is a cost effective 

method for trying new device concepts. 

Finally, the simulator can be used for myoelectric 

training and evaluation.  We have previously demonstrated a 

“Box and Block Test” [8] with the transhumeral simulator.  

In the study two command methods were evaluated.  Using 

a more traditional command method, normally-limbed 

subjects moved, on average, the same number of blocks as 

real amputees performing the same, but non-virtual task[3]. 

Limitations and Future Work 

The HapticMaster can only apply forces from one 

location and cannot generate torques on the gimbals.  Thus 

the resulting movement of the real and virtual arm may not 

match upon a collision.  However, the haptic feedback was 

still found useful for avoiding paradoxical situations 

described above.   

Orientation sensors are dependent on a constant 

“recorded North” direction in the workspace.  Large ferrous 

objects (e.g., filing cabinets, lab equipment) can affect the 

local magnetic field quite drastically, resulting in inaccurate 

orientation measurements.   Care must be taken when 

setting up the simulator to insure that these objects are far 

enough away. 

We have demonstrated the ability to grab and 

manipulate varied rigid bodies in the virtual environment, 

and developed a virtual Box and Block Test.  Future work 

could include developing additional clinical tests of 

hand/arm dexterity and function. 

CONCLUSION 

We have developed virtual reality simulators for 

training and evaluating myoelectric users in a functionally 

relevant manner.  Virtual prosthesis dynamics and 

interactions with objects in the environment are simulated 

using a real-time physics engine.  The simulator allows for 

customization of the prosthesis properties, EMG processing 

techniques, and the command and control methods.  Haptic 

feedback is useful for more realistically simulating the task.  

However, without haptic feedback, the simulator is portable, 

easy to setup, and relatively inexpensive, allowing for 

widespread clinical use.   
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