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INTRODUCTION 

In conventional myoelectric control, muscles are assigned to control functions differing from 
those controlled in the intact limb. In 1984 a bilateral amputee was fitted with four myoelectric 
inputs around the shoulder. These were to be used in pairs to independently control operation of 
the gripper and elbow flexion-extension. Since none of the muscles were doing their original 
assignment, a program was set up to train the user on the system. After many sessions, the 
amputee and trainer agreed that simultaneous control was never going to work. The control 
system was reconfigured, and the user mastered controlling one device at a time sequentially 
with the two best control sites. Twenty years later people are again trying to control several 
devices simultaneously, but with a difference. Now, with targeted muscle reinnervation (TMR) 
each muscle is being used to control the same function as in the intact limb. 
 
The Problem with Traditional Myoelectric Controls 

Almost all traditional myoelectric controls are based on using just one pair of inputs. When 
multiple devices are to be controlled, cocontraction or rate sensitive strategies are used to shift 
control. To control a second function simultaneously, clinicians have added relative motion of 
two body parts to myoelectric control with a pair of muscles. This is a successful strategy, and 
it works well until a third device is needed. Then the myoelectric channels need some form of 
mode selection, and only two of the devices can be controlled at once. 

Because of the limitations of conventional control, the computer screens used to set up 
multidevice systems have been configured for the clinician to set up one device at a time. With 
the first programs written for the Boston Digital Arm, the screen presented either the myoelectric 
signals from one pair of muscles or the signal from the linear transducer controlling the elbow 
position, but not both at the same time. Separate screens worked well because these inputs are 
independent with no crosstalk.   

 When multiple myoelectric sites became available, separate screens became inadequate. With 
TMR one pair of muscles may be reinnervated so as to naturally control the elbow, with a 
second pair naturally controlling the hand. Unfortunately all four sites are often in close 
proximity, and there may be problems with cross talk or cocontraction that can only be detected 
if all channels can be monitored simultaneously. 
 
PROGRAM LETS STANDARD BOSTON ARM MONITOR 8 CHANNELS AT ONCE  

After TMR, an amputee will usually have four or more sites for acquiring myoelectric 
signals. Typically one pair of sites will use LTI's proprietary myoelectrode-amplifiers which 
send unrectified signals to the advanced filter circuits in the forearm. When additional pairs of 
are needed, LTI Remote Myoelectric-Amplifiers or surface-mounted electrodes from other 
manufacturers are used. For setting thresholds and gains, each input pair has its own screen.  
Four such screens are available.  Having a threshold for every channel is particularly important 
when monitoring muscles that are close to one another.  After the pairs of muscle sites have 
been set up, the clinician can shift to a screen that shows all eight signals.  With this screen 
cocontraction and crosstalk become apparent when the amputee tries to operate several 
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functions at the same time.  While most TMR patients to date have only controlled two devices 
in a natural way, most have also been equipped with additional proportional controls for 
operating other functions.  Figures 1 and 2 show the computer screens LTI developed to 
present eight analog channels at once.  On the left hand screen for MY1 and MY2, the pair of 
high quality electrodes, gains and thresholds for hand open and close can be adjusted.  The 
gains and thresholds on the left are adjusted until the user achieves good proportional control 
of both after-threshold channels raising the light blue indicators the same amount with ease.  
The slide bar on the right is then moved up until good full speed control of the hand or other 
device is achieved.  This slider simply adds the same gain to both channels before controlling 
the motor.  Either MY1-MY2 or A5-A6 can be used to control the hand and wrist sequentially.  
A1-A2 and A3-A4 are analog inputs attached to pairs of conventional electrodes or to FSR’s. 

In figure 2 the eight indicator bars present all channels at the same time.  The values are the 
same as the light blue after-threshold bars in the other screen.  This screen has proved 
invaluable in setting up and training TMR users especially when the electrodes are in close 
proximity.  The labels are somewhat arbitrary and were assigned for a particular user.  By 
invoking Mode Shift, the hand control can be shifted to the wrist rotator, but the program will 
work if there is a separate input pair for the rotator.  In such a case, one of the other motors can 
be reassigned.  This is easy – all four motors are accessible by plugs below the elbow and two 
are also accessible above the elbow.  

Figure 3.  It is easier to see the details in this view of the screen in figure 2  

 
Figure 1.  This screen and three others like it permit 
adjusting gains and thresholds for each pair of inputs. 
 

Figure 2.  All eight of the after-threshold channels 
can be viewed simultaneously with this screen. 
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MODIFYING THE BOSTON ARM FOR PATTERN RECOGNITION RESEARCH 
     The program above has been adequate for most TMR, but it was not suitable for research 
on pattern recognition.  For this research, all signal processing has to be done by circuits under 
the control of the research team.  The problem with the standard elbow controller is that there 
are only three pairs of analog inputs A1- A2, A3-A4, and A5-A6.  These inputs have voltage 

followers so that the input devices 
are not loaded by the processing 
circuits.  To create two more pairs 
of analog inputs, the circuit board 
was modified by removing the 
gains and filters on the MY1 and 
MY2 channels and going directly 
to the followers assigned to these 
channels.  Half of the last pair was 
created from A7 a feedback for a 
future servo hand.  The final 
channel was created by stealing 
the speed feedback from motor C.  
To bring this pair around the 

elbow X12 was used.  This pair of lines goes from a plug above the elbow to one below.  It 
was built into the original elbow for unanticipated requirements and has often proven useful. 

Figure 5.  This screen is selected by clicking on the 10 Channels tab.  The lower screen is similar to that in figure2. 
 
New Firmware and a New Program Were Required 
     Although the screens for the eight channel program and the ten channel research program 
look very similar, both the firmware and the program had to be changed to create the latter.  
For both programs the labels on the channels refer to the plug labels on the input board above 
the elbow.  Since MY1 andA5 share the 
same plug as do MY2 and A6, two 
splitters are added to increase the plug 
count.  For some of the early TMR 
research a separate input extension board 
was added above the humeral rotator.  It is 
shown in figure 6.  LTI is prepared to 
create features such as this for other 
research projects.  Both the eight and ten 
channel arms are now available. 
 

 
Figure 4.  The gain and threshold of each input pair can be adjusted.  

 
Figure 6.  External input plug array for research 
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