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INTRODUCTION 

 
Multifunctional prosthesis controllers have shown higher classification accuracies 

when EMG feature extraction and pattern recognition are performed on time windows of 
longer duration [1] (see figure 1).  However, there is a limit to the time over which EMG 
data can be collected and analyzed before the delay causes the control of the prosthesis to 
become cumbersome.   

While no one has objectively examined the impact of controller delays on performance, 
the controller delay that can be present before prosthesis control degrades has been 
debated.  Childress and Weir [2] believe that controller delays should be kept below 50 
ms to ensure that these delays are 
imperceptible to the user.  However, 
another group has stated that delays as 
large as 300 ms are not perceivable by the 
user [3-4] and, while they have not 
commented on the effect of these delays 
on performance, they have stated that a 
300 ms delay is acceptable for control of a 
prosthesis.   
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Figure 1 – Classification Error vs. 
‘Record Length’, i.e. the length of 
recorded EMG on which feature 
extraction and classification was 
performed.  As the record length 
increases the classification error 
decreases.  Data from Englehart, 2001. 

The desired controller delay may affect 
the choice of signal processing and pattern 
recognition algorithms that can be utilized.  
Thus it would be beneficial to establish 
this value for future investigations.  
Experiments were designed to find the 
longest period of delay that does not 
significantly degrade prosthesis 
performance and can thus be dedicated to 
EMG collection and processing. 
 
METHODS 

 
‘PHABS’ (Prosthetic Hand for Able-Bodied Subjects) has been created to allow able-

bodied subjects to operate the terminal device of an upper-limb prosthesis (figure 2).  
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While it is infrequently used in clinical practice, myo-pulse control [5] was chosen as 
the control algorithm for PHABS to minimize the delay inherently contained in the 
controller.  Myo-pulse control is a variation of pulse width modulation in that it provides  
proportional motor control by varying the pulse width of a digital control signal.  The 
lack of low pass filtering used by myo-pulse control minimizes the time constant of the 
controller, reducing its inherent delay to the sampling period. 

 

     
Figure 2 
A.  A photograph of PHABS (Prosthetic Hand for Able-Bodied Subjects) detailing the 

components of the device.  
B.  A photograph of a subject wearing the PHABS. 

The Box and Block test was used to quantify prosthesis performance of ten subjects.  
This test was chosen because it is quantitative, quick and easy to administer, sensitive [6] 
and normative data have been collected [7-8].  In addition, it has been used to quantify 
the effect of treatment on upper limb function for disorders such as cerebral palsy [9], 
multiple schlerosis [10] and stroke [11].   

The testing apparatus for the Box and 
Block (Sammons Preston Inc., 
Bolingbrook, IL) consists of two adjacent 
compartments separated by a six-inch 
barrier (figure 3).  The Box and Block is a 
sixty-second timed test in which subjects 
are instructed to pick up blocks from one 
compartment, transport them across the 
barrier and release them in the opposite 
compartment as quickly as possible.   

A prosthetist in our laboratory located 
two EMG sites on the forearm of each 
subject according to standard clinical 
practice.  Threshold levels in the myo-
pulse controller were altered so that they 
were as low as possible without allowing 
the noise contained in the EMG signals to 
elicit movement of the prosthesis.  The amount of pronation/supination was altered to a 

 
 
Figure 3 – A photograph of a Box and 
Block apparatus.  Subjects pick up blocks 
from one side of the box, transport them 
over the barrier, and then release them on 
the other side.  The number of blocks 
transported over the barrier in one minute 
determines the test score. 
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position preferred by each subject.  
After becoming accustomed to the 
PHABS, the subject would 
complete two one-minute practice 
trials of the Box and Block test. 

A significant improvement in the 
Box and Block scores was 
observed in preliminary studies 
during the first several trials as 
users developed strategies for 
completion of the task and became 
more comfortable controlling the 
PHABS.  As a result of this 
learning effect, each subject 
performed a total of twenty-eight 
trials with the data from the first 
seven trials being ignored.  Seven 
different controller delays were 
introduced into the system with the 
level of delay ranging from 0 to 
300 ms in 50 ms increments.  Each 
of the seven delay levels was 
introduced once within the first seven trials.  The delay level was randomized for the final 
21 trials with each of the seven delay levels being selected three times.  A repeated 
measures design was used to compare intra-subject differences in the average Box and 
Block scores for all controller delays for the ten subjects.  Post-hoc analyses were 
performed with the use of Bonferoni adjustments for multiple comparisons and 
significance was set at 0.05.   
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Figure 4 – Average Box and Block scores for all 
four subjects.   

 
RESULTS 
 

The average box and block 
scores for all subjects is shown 
in figure 4 and the comparison 
results of the repeated 
measures analysis comparing 
the different delay levels is 
shown in Table 1.  The 
differences that are significant 
to the 0.05 level are 
highlighted in light gray.  
Statistical differences exist 
between 0 and 100,150, 250 
and 300 ms as well as between 50 and 300 ms.      

Delay 
(ms) 

50 100 150 200 250 300 

0 1 0.003 0.001 0.102 0.049 0.007 
50  0.533 0.151 0.272 0.193 0.004 
100   1 1 1 1 
150    1 1 1 
200     1 1 
250      1 

 
Table 1 – Results of the repeated measures analysis 
on the Box and Block test scores for all combinations 
of delay lengths (Bonferroni adjusted p-values for 
multiple comparisons).  The statistically significant 
results (p<0.05) are indicated in light gray.   
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DISCUSSION 
 

A statistical power analysis indicated that 16 subjects would be necessary to accurately 
detect a difference of two blocks in the Box and Block test scores with a power of 90%.  
Since only ten subjects were tested there may be differences between other combinations 
of delay levels that were not detected due to the number of subjects.  For example, a 
difference may exist between 0 and 200 ms even though no difference is indicated here.   

While all of the data have not been collected and therefore no conclusive statements 
can be made, it appears, based upon the data from the ten subjects that have been 
collected thus far, that a statistically significant difference will exist between delay 
increments of 0 and 100 ms. These pilot results suggest that the controller delay and 
analysis time should be kept below 100 ms when using the Otto Bock System Hand.  
Additionally, the lack of a difference between the 0 ms and 50 ms delays indicates that 
Childress and Weir’s limit of 50 ms might be too strict.   
 
FUTURE WORK 
 

In the future we aim to investigate the effect of prehensor bandwidth on the ‘optimal 
controller delay’ value.  We hypothesize that this value will become larger as the 
bandwidth of the prehensor decreases.  In this proposed study, we will conduct the 
analysis on 16 subjects and for prehensors with two different bandwidths, allowing us to  
determine the optimal controller delay for each device.   
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