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Abstract. - A design of a control system for myoelectric prostheses is shown based on a 
microcontroller that can give the possibility for the amputated patient to replace the pressure 
perception. In addition this design will permit implementation of low cost prostheses in 
countries with low economic resource. 
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I. INTRODUCTION 

  
One of the main problems of commercial myoelectric prostheses is that they do not 

have parts that can give back to the patient the sensorial feedback. None of them are able to 
produce sensations like pressure, which can give to the patient the information of the measure 
of the force in the final effector or temperature, which causes the prosthesis not to be totally 
controllable.  

Although the scientific techniques and developments are more advanced in other 
countries, at this moment prosthetics systems like the one propose in this work are not 
commercially available anywhere. Furthermore, if at some point in a near future these 
systems become available most of the amputated patients in underdeveloped countries will 
economically struggle to acquire them due to low incomes. 

This is the reason that motivated the development of this work, in which the objective 
is to solve the problem of sensation of the lost limb. The problem is solved through 
development of a microcontroller system for myoelectric prosthesis with sensorial feedback. 
This system allows any person who has been amputated, to replace the perception of the 
pressure of the amputated member. In addition, this development will allow to create a 
prosthesis of low cost and easy acquisition. This can be used like start point to other projects 
in the prosthetic area, such as the extension of the control system for complex prosthesis.  

The work is divided in three parts, in the first chapter the design of the system as well 
as the minimum configuration of the design for the implementation of the hardware and the 
detailed analysis of the variables to manipulate is described. The second section presents the 
implementation of the system, hardware, software and tests conducted. In the last section the 
conclusions are drawn with comments and future developments included. 
 
II. SYSTEM DESIGN 
 
A. Control Type 

The first step in the design of this system was selecting the type of control to use for 
the myoelectric prosthesis based on different methods [1,2,3,4,5,6,7,8,9]. In concordance 
with the objectives of this work a proportional control system was designed based on the 
amplitude of the surface myoelectric signal (SMES) implemented in Fuzzy logic. Through 
this proportional system the motor speed of the prosthesis, as well as the force, can be 
controlled according to the SMES amplitude generated by the patient. Due to the direct 
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control on the speed and the force of grasp of the hand, the patient feels it more natural and 
easy to handle. The comfort increases as the effort diminishes.  
 
B.  General Description of the System. 

In this design there are two input channels (figure 1), one for each muscle of the 
antagonistic pair. The number of channels that the circuit has depends on the number of 
antagonistic pairs and the amount of degrees of freedom that will be allowed in the 
prosthesis. 

 

 
The surface electrodes are placed in the socket of the prosthesis where the amplitude 

of the measurement of the SMES is the highest for each antagonistic pair, in order to recollect 
SMES information correctly for every patient tested. The acquisition stage of the SMES is 
designed considering safety standards of electric risk for the patients. The SMES signal is 
processed in the control system, which generates the necessary commands to control of the 
prosthesis actuator [10,11,12,13,14]. The SMES is filtered to remove noise and avoid non- 
desired responses in the control.   

In order to control the prosthesis response speed in movements going up or down, 
opening or closing the gripper, the same input signal of each one of the channels is used and 
it is compared with some reference levels, In this way for each input channel (by type of 
muscle and direction of movement) there are two speed actions, one high for a high 
amplitude, and a low one for a lower level of amplitude. 

It has with 4 additional pressure sensors located on the surface of the artificial gripper 
to return feedback of pressure on the surface by the tips, on the held object. This information 
is sent to the control system and processed to give back to the patient the perception of 
pressure sensation of the amputated limb, by means of a vibrostimulator constructed. 

A prosthesis prototype of upper limb to replace mid third level extremity was 
designed with a mechanical hand. At this level we can leave a great number of extremities 
functions and therefore easily extending the control system to other prosthesis with smaller 
index of complexity. Superior levels of amputation require the replacement of the elbow 
and/or the shoulder and its respective control system. 
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Figure 1.  General System Diagram. 
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In order not to be concerned with importing foreign expensive component, special 
molds were developed to make at home the necessary prosthesis component, using 
polypropylene, a material easy to handle and to store. Its use does not require additional 
chemical agents, and another advantage is that it can be recycled. This drastically reduces the 
cost of the orthopedic apparatuses and allows that more amputated people may benefit from 
the technology. 

The control system will be defined in terms of the variables of the force pressure and 
opening of the gripper, but they are portable to other artificial systems. 
 
C.  Position control in the amputated subject.   
 

The feedback to set the position 
point to point to the amputated patient 
is almost impossible by means of 
propioceptive routes [15,16,17,18]. 
The only thing that can be done is a 
state of virtual propioception in which 
the patient notice the grip that is 
applied to the object and through to the 
experience he learns to move the 
prosthesis for proper subjection. Other 
way would be to maintain visual 
contact with the object after the 
sensation and to observe the change of 
the opening (figure 2). 
 
III. SYSTEM IMPLEMENTATION 
 

A. Processing stage: 
The control system was implemented in a microcontroller using fuzzy logic. The filters 

were programmed internally.   
B. Pressure feedback 

Stage 
  The factors that 
determined the selection of the 
sensor were the following:  
Similarity with the sensors of 
pressure of the body, easy 
implementation, size and price. 
This last factor is very 
important because if the used sensor is very expensive the prosthesis becomes too expensive 
to a greater number of patients and the sensation function would become "unattainable".  

Pressure sensors:  Force sensor resistors (FSR) are used. These devices are made with 
thick layers of polymers, decreasing its resistance according to the applied force to the active 
surface.  

Pressure sensor location in the prosthesis: Using the pressure map [19] of figure 3, it is 
possible to locate the pressure sensors, only disregarding the 4th finger, warranting the grip 
sensation for the mayor activities. Therefore the sensors are located this way: one in the tip of 
index finger, one in the thumb finger and two in the palm surface, in order to have a complete 
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Figure 2: Control system developed. Note: even 
though there is visual feedback, it is not necessary 
in most cases.  

 

a) Cylindrical grasp b) Spheric grasp c) Disc grasp  
 

Figure 3: Pressure map obtain by GUAN  
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coverage of the holding area of the most important functions of the hand: Fingertip grasp, 
palmar grasp, spherical grasp and cylindrical grasp.  
 

C. Feedback stage 
A tactile vibrostimulator was developed, with 

the following characteristics: 
• Minimal power consumption  
• Maximum comfortableness during stimulation 
• Minimum irritability post – skin stimulation  
• Ample dynamic range: maximum level of 

comfort during sensorial trigger. 
The tactile vibrostimulator oscillates to a 

frequency and amplitude proportional to the 
pressure made in the hand during the action of 
holding an object. This device evokes the tactile 
sensation by means of the mechanical stimulation to 
the skin with vibrations of frequencies between 
10hz to 500hz [20]. The device was located in the 
socket of the prosthesis so that it made permanent 
contact with the skin of the stump of the amputated 
patient, due to the controllable ranges of frequency 
and amplitude it can be placed anywhere in the arm 
causing the same sensation. 
 
IV. RESULTS 
 

During the calibration stage, different tests with 30 amputated subjects of upper limb 
of forearm level were made (all the patients had only one arm amputated). To determine the 
best speed for the grip, measurements in the end of the fingers were made. That included the 
manipulation of several objects of common use: a pencil, a glass and tools of work as 
screwdrivers, hammers and keys. In addition tests were made during working periods, in 
which it was required of the combined manipulation of objects to carry out a specific task and 
a more complex one, like the elaboration of a breakfast. It was noted that for the totality of 
patients tested, 8,25 cm/sec is the minimum accepted for most of activities of " Holding" and 
"Releasing".   During precision grips, in which required more attention, the speeds needed 
were between 1 cm/sec to 2 of cm/sec.  
Once the prosthesis prototype was 
finished and calibrated, it was observe 
through practical use, with the 
amputated patients who used the system 
with sensorial feedback, that only  
visual control was necessary, in the 
cases where the weight or the 
characteristics of hardness of the object 
was not known, since it creates distrust 
to damage the object. There were tests 
made with the same patient were they 
had their eyes closed and they could 
hold objects without knowing its weight 
or forms only by feeling the pressed 
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Figure 4: Vibrostimulator design 
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Figure 5: Relation weight/effectiveness in the test of 
cylindrical and fingertip grasp (This function is 
recommended in the manipulation of light objects).  
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force of the sensorial feedback. The tests were made for cylindrical grasp and fingertip grasp. 
The used objects were utensils and tools of common use in the daily life, the weights vary 
from 10gm (pencil) to 2.2Kg (wine Bottle).     Margin of maximum error is   of 30% in the 
case of too heavy objects for the fingertip grasp   (weight approximately > 1.5Kg) (figure 5). 

The results show that the knowledge about the gripped object characteristics with each 
new attempt increases the effectiveness 
until reaching 100% in most of the cases 
in the fourth trial (figure 6).  

The causes of failure in the 
attempts were: a) The object slips; if the 
weight is greater than the minimum grip 
force, b) The object is damaged; If the 
force is greater than the force of fracture 
of the element. In order to try to solve this 
problem it is recommended to use sensors 
of displacement in the surface of the hand 
that give to the amputated patient the 
capacity to know the minimum force to 
hold stable the object and that it is 
handled directly by the control system.  
 
V. CONCLUSIONS 
 
It was designed and implemented a control system for a prototype of myoelectric prosthesis, 
for forearm at third distal level. It allows the use of sensorial feedback to the patient for 
means of a vibrostimulator system of pressure signals that guarantee the manipulation of 
different objects with no need to sacrifice other functional abilities (vision). The 
implementation of the control system is very simple and economical because most of 
components are acquired locally. 
The control system with sensorial feedback developed allows the amputated patient the 
following advantages from the conventional prosthesis:  
• Low mental load. The patients during the tests could be making several activities and 

maintain grip an object without any problem  
• Learning facility and friendly use. 100% the patients who used the system (10 patients) in 

the tests learned how to use it as soon as it was put on them for the first time.  
• Independence in the multifunctional control. The control developed allows that a person 

with prosthesis in both arms was able to use each extremity independently.  
• Direct access and instantaneous answer. All the functions are controlled in real time.  
• Not sacrifice functional abilities. The control system designed eliminates in an 80% the 

used of visual control in the conventional prosthesis. 
The control system can be used to handle any type of prosthetic mechanism   as long as it 
fulfills the parameters within the controllable range.The implemented system gives a start for 
future investigations in the field of the myoelectric prosthesis in Latin America, and it is a 
first step for a complete arm at very low cost.  
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Figure 6: Test results of fingertip grasp. The 
effectiveness increases as they increase the 
attempts. In the cylindrical grip effectiveness 
reaches a 100% between the third and fourth 
attempt.  
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