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INTRODUCTION 

 

Pedal control of mechanical loads utilises 

stabilisation from passive muscle-tendon stiffness 

and time delayed, neurally modulated ankle 
moment.  By using myoelectric feedback from the 

leg muscles to control an external load, study can 

be focused exclusively on neurally modulated 

feedback mechanisms. By studying myoelectric 

control of a stable second order load, we mimic the 

neural control of an inverted pendulum load in 

which passive stabilisation wholly compensates the 

gravitational moment.  This situation is close to 

that observed in quiet standing, where passive 

stabilisation substantially compensates the 

gravitational moment [1]. Neural activation in 
pedal control may contain superimposition of 

reflexes and intentional responses. One way of 

investigating the degree of automatic v intentional 

control is to study pedal control of an external load 

simultaneously with a dual task – in this case visual 

manual control of an unstable 2nd order load [2].  

One factor which may influence the degree of 

automatic control is the reflex gain.  A second 

factor is the intention of the participant. Here we 

alter the gain of the myoelectric feedback to 

investigate whether the effects are similar to an 

increase in reflex gain. Also we alter the intention 
of the participant with respect to the pedal task. We 

ask three specific questions. 

 

1. Does increasing myoelectric gain increase 

or decrease pedal control? 

2. Does increasing myoelectric gain 

influence control of the manual dual task 

and thus indicate changing attentional 

demands of the pedal task 

3. Is attention required for pedal control of a 

stable load? 
 

 

METHODS 

 

Five participants performed two tasks 

simultaneously.  1) They pedally balanced, against 

an unpredictable disturbance, a virtual stable 2nd 

order loads with moment of inertia equivalent to a 

standing human. 2) Using a joystick, they manually 

controlled an unstable 2nd order load which was 

subjected to an unpredictable disturbance.  

 

 

 

 

For the pedal task, subjects received feedback from   

a rotationally actuated footplate (with time delay of 

10 ms and faithful response up 10 Hz) which they 

stood upon, strapped to a vertical board with ankle 

coaxial with the footplate axis of rotation. For the 
manual task, position information about the load 

was displayed through a dot on an oscilloscope 

screen right in front of the subject.   

 

 

 
Figure 1. Diagram of pedal and manual control. 
 

 

 

The pedal load was controlled by a weighted 

difference of soleus EMG signal minus that from 

tibialis anterior, as antagonist muscles. The values 

of the multiplicative constants (a, b) for each EMG 

signals were chosen as to satisfy the following 

relations in a continuous range between ± 20 Nm: 

 

a * EMG (sol) = M (sol) 

b * EMG (tib) = M (tib) 

a * EMG (sol) – b * EMG (tib) = MTOT 

where M (sol) and M (tib) are the independent, 

measured relative moments from soleus and tibialis 

anterior, respectively, and M (sol) – M (tib) = MTOT 

is the total ankle moment. 

EMG was rectified, low pass filtered (using a 2nd 

order transfer function with double time constants 
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of 150 and 100 ms for soleus and tibialis anterior 

respectively), thresholded and multiplied by an 

EMG gain.  EMG gain (the amount of virtual force 

per unit EMG) was then altered for each trial in a 

logarithmic ten step sequence from 0.1 to 5, which 

was randomly presented in either ascending or 
descending order. EMG gain=1 represented the 

correct physiological gain. Thus, the virtual 

moment (MV): 

 

MV = EMG gain *  MTOT 

 

Participants performed two trials of 100 seconds in 

randomized order. In one trial they were instructed 

to pay no attention to the pedal control task and 

concentrate only on the manual tracking. In the 

other task they were instructed to pay equal 

attention to both the pedal and manual tasks.  
Root mean square position was calculated for both 

pedal and manually controlled loads.  Duration of 

pedal balance was also recorded.  

 

Using ANOVA, with EMG Gain, Instruction and 

Subject as fixed factors, we tested for significant 

diffierences in pedal load sway (rms position), 

manual load sway (rms position) and duration of 

pedal balance.  Using linear regression we tested 

for significant trends in the mean values of sway 

and duration. 
 

RESULTS AND DISCUSSION 

What was the effect of intention on the pedal 

control task?  When instructed to give no attention 

to the pedal task, control was typically sustained 

for more than 50 s (Fig 2B, blue), particularly at 

lower EMG gain.  However, when instructed to 

give attention to the pedal as well as manual tasks, 

rms pedal load sway reduced (F1,99=37, p<0.0001 

from approximately 4 to 3 degrees (Fig 2A, blue v 

red), the duration of pedal control showed a near 

significant increase (F1,99=3.5, p=0.06), more 
evident at lower EMG gain (Fig. 2B, blue v red) 

and manual load sway increased (F1,99=5, p=0.027) 

from approximately 1 to 1.5 degrees at low EMG 

gain.  Automatic pedal control of a stable load was 

possible and better when EMG gain was lower (Fig 

2B). Intentional control was required for sustained 

and more accurate pedal performance.  

 

What was then the effect of pedal EMG gain on the 

pedal control task? When attempting to control 

both loads with equal priority, rms sway in pedal 
balance significantly increased with EMG gain 

(p<0.05, r2=0.44, Fig 2A, red). Half the group of 

the participants could not maintain pedal control 

for the whole duration beyond the physiological 

gain.  

As for the manual dual task, the trend was 

completely opposite: manual load sway increased 

as EMG gain decreased (Fig 2C, red), p<0.05, 

r2=0.73).  

These results suggest that lowering EMG gain 

caused less attention to be paid for the dual task 

and thus required more attention for the pedal task.  

Increasing EMG gain promoted more automatic 
pedal control, which was more unstable because 

control was not sustained successfully 
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Figure 2. Effect of intention and myoelectric 

gain on positional control for each task 

For five participants, panels show A,  rms pedal 
load sway,  B,  duration of pedal balance, and C, 

rms manual load sway, as pedal myoelectric gain is 

altered.   Red crosses show shows equal priority 

given to each task.  Blue dots show attention given 

to the manual task only.  Relative colour bars 

indicate standard deviations. Regression lines show 

significant (p<0.05) trends in the mean values 

(n=10).  

 

 

CONCLUSIONS 

Unintentional, automatic responses arising from 
ankle rotation of stable 2nd order loads could aid 

balance against an unpredictable disturbance. 

However, the best pedal control required low EMG 

gain and was not automatic but intentional. 
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