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Abstract- Human  hand  having  very complex structure with inherent biosensor and mayo mechanical actuator. The 
imitation modeling of a model of human hand is too difficult to achieve so that a human hand has many degree of freedom, 
less energy consumption with less effort for operation. Modeling an electro mechanical system with feature of a human arm 
is too multifaceted. The latest biotic researches make use of new technologies that can be castoff for designing artificial limb 
for person with disabilities. Such system faces many development strategies which includes the complex design model, 
struggle in evolving operational algorithm, accomplishment of real time operation and especially the cost. The proposed 
system that develop a low cost artificial limb for the disabled person which is controlled using an Electroencephalogram 
(EEG) sensor and processed using a DSP based microcontroller. The Electroencephalogram signal produced in unabridged 
part of body is sensed by using Electroencephalogram sensor and signal are amplified, rectified and then given to the DSP 
microcontroller. The whole system is simulated in CATIA for design consideration and the fabrication of the bionic arm by 
using poly lactic acid as its covering material. 
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I. INTRODUCTION 
 
The primary requirement of every bionic arm is to 
behave same as that of a human. So an artificial limb 
should behave exactly same as that of a human limb. 
Such systems meet many stratagems with designing 
and modeling . Many systems have been proposed in 
this area and the major problems with such systems 
are the intricacy of modeling , the complications with 
operational algorithms, the complications with real 
time operations and above all the cost. 
In a developing economy like India, the foremost 
stratagems related to the molding and developing of 
such systems are the cost of production. India, having 
the highest number of disabled persons in the world 
which constitute about 10 % of total population out of 
which 5 % of population is having some solemn 
disability The sufferings basically may include 
difficulties in hearing, speech, mental and movement.  
A fraction of such population include people with 
disability in movement, with problems in joints and 
muscles, the problem with lost limbs, problems with 
paralysis, leprosy or problem with a particular part of 
body is lost or not grown. There are about 120 
million people with such disabilities in India. The fig 
1.1 shows the Statistics of different type of disabled 
persons in India. 

 
Fig. 1.1 

Disease, amputations & congenital anomalies have 
been common throughout history. Out of this .6% 
have disability in movement. These kind of peoples 
are always discriminated in the society and they are 
avoided from many social activities. For people who 
are missing limbs, prosthetic devices help accomplish 
everyday tasks and improve their basic life style. 
There are several establishments which develops such 
prosthetic devices which has a cost around 6 to 30 
lakhs, unaffordable for a common man. It was found 
that the 47 % of total people is not using system 
because of its cost and 55 % of people can have 
economic independence if such systems are provide. 
The proposed system put forth the design and 
fabrication of a low cost bionic arm that can be fit to 
the lost part and is controlled using an EEG sensor. 
The sensor will measure conditions as electronic 
impulses and fed to the controller so as to convert 
electronic impulses from sensors into corresponding 
mechanical actuations. This is achieved using a servo 
actuator. This arrangement imitates the operation of a 
real human hand. The model uses 120MHZ TI C2000 
series DSP processor to analyses and modify the 
signal obtained from EEG. It also drives the servo 
motors attached to the artificial limb as per the sensor 
inputs. A driver circuit is also implemented to servo 
motors to drive the motor in accordance with 
controller directions and the energy sources systems 
is provided using a battery at human body to the 
human body. 
 
II. CONVENTIONAL SYSTEM 
STRATEGIES 
 
The current scenario is pleased with a number of 
bionic arm models and each and each model has its 
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own advantages and disadvantages. As described 
earlier, one of the major problems with such systems 
are the cost of the system. Usually the cost will be too 
high to bear for a common man in developing and 
underdeveloped countries. So the proposed system 
customs a new bionic arm model with low cost 
development features. There are many methods of 
modeling a multi degree of freedom robotic arm. This 
type of the prototype of  bionic arm is for those who 
have lost their lower limb or a portion of upper limb 
is already available. Bionic arm will be attached to 
the bridge part of organ and the basic movements will 
be done using the on bridge part. The strategy to be 
considered for the modeling of the bionic arm is to 
have a free moment as that of a real human hand. The 
constructional elements should be designed in such a 
way that it will provide an easy way of operation, 
very fast response and also react instantly the with 
respect to the processor impulses. The proposed 
model it has two set of modeling, mechanical 
modeling and electrical modeling. The mechanical 
design parameters that are considered for evaluation 
and modeling are the length of the limbs, length of 
the total arm, size of the arm elements, type of joints 
used, mode of operation of joints, the load capacity of 
joints, degree of freedom, weight of the material, 
weight of the edge effectors, type of end effectors, 
response time for each joints, the mechanical time 
constant ,mechanical resolution etc. The electrical 
design parameters considered for evaluation and 
modeling are the torque of servomotor required to the 
limbs, the rating of servo motor, driving mechanism 
used for servo motor, type of controllers, the mode of 
controllers used algorithms used for control, driver 
system used, the type of electroencephalography 
sensors used, type output of sensor – digital or 
analog, amplification factors, signal modeling , 
filters, type of servomotors, the response of the servo 
motor, degree of freedom, the resolution of servo 
motor, the speed of operation of servo motor and 
above all cost of the servo motors. Initially each, 
element is considered separately for the design and 
effect of all this elements is considered 
simultaneously during the final design. 
 
III. SYSTEM MODELING 
 
a. Mechanical Modeling 
The primary requirement of any mechanical system is 
to meet the torque requirement for the load. As a base 
model, this system is prepared so that it will be able 
to hold and move a weight of one kilogram of load. 
SO as to imitate the operation of a human hand, the 
system is have four integral elements. First of all, an 
upper limb which is attached to the upper arm and it 
can be moved along with the upper arm. Then they 
have a hinge joint to the second element used for 180 
degree of rotation about the upper arm. Ana third part 
which is used for 360 degree of rotation along the 
longitudinal axis and the wrist at the end effectors.  

 
Fig. 1.2 

 
Fig. 1.3 

The width of the each and every part is made in such 
a way that it will vary from 5 centimeters 10 
centimeters in various parts which is somewhat 
similar to that of human hand. The weight of the 
material is an another strategy for designing so that 
the system should have a weight as less as possible so 
as to avail less energy consumption and ease of 
working. Still it should not compromise its basic 
strength and torque requirement. So the devolved 
models made on composite materials of poly plastics 
which has higher strength and low weight to volume 
ratio and it is fabricated on 3D printer as a prototype 
model. So the model has basically three integral 
kinetic elements and Link one l1, link two l2 and link 
three l3 with which is controlled using three 
individual servo motors. The torque model on each 
part is made of different range and should be 
considered with weight of individual element and 
also the weight of torque. Similar to that of a human 
hand, the first part is made of 0.15 centimeter long 
and the second part and third part of 0.10 metereach. 
The effective mass of the first part include mass of all 
system and the effective mass of second part as mass 
of all other parts below the first part. The effective 
mass of third part include the mass of third part and 
mass of end effectors. The whole model of the 
developed system has a weight of 0.5 kilogram and 
the servo system developed should be able to lift a 
load of 1.5 kilogram. The total effective system 
should be added in such a way that it should be able 
to lift 1.5 Kg in total effective. The first servomotor 
should have a capacity to load 1.5 kilograms and 
servomotor two should have a capacity which is less 
as the first part has less effect on second part.  Let L1 
be the length of part 1 =0.15m, Let L2 be the length 
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of part 2=0.10m, Let L3 be the length of part 
3=0.10m, Let M1 be the mass of part 1=150g, Let M2 
be the mass of part 2=100g, Let M3 be the mass of 
part 3+object=500g  
 
Torque required for motor I 
T1=(M1*g*(L1/2))+(M2*g*(L1+(L2/2)))+(M3*g*(L
1+ L2+(L3/2))) 
 
Torque required for motor II 
T1=(0.15*9.8*(0.15/2))+(0.1*9.8*(0.15+(0.1/2)))+(0.
5* 9.8*(0.15+0.18+.(0.10/2))) 
 
Torque required for motor III 
T1=0.11+0.196+1.47 =1.776Nm= 18.11 KgCm 
Since this part is rotating about x-axis its torque is 
given by 
T2=I*K 
Where I1 is the moment of inertia of the hollow 
cylinder(part 2) 
 
I2 is the moment of inertia of the of the object ,for 
simple calculation let us assume that the object is also 
a hollow cylinder. Therefore part 3 and object can be 
considered as single object(hollow cylinder) 
K- angular acceleration, let it be equal to 
2*Pi=2*3.14 
=6.28IKgC 
Moment of inertia of combined part 
= (M2+M3)*(L2+L3)^2 
=(0.1+0.5)*(0.1+0.1)^2 =0.024 KgC 
Therefore T2=I*K=0.024*6.28 
=0.15Nm= 1.59KgC 
Torque T3=M3*(L3/2) 
=0.5*(0.1/2) 
=0.025Nm 
= 0.254KgCm 
There is a end effectors which is used to get 180 
degree of  rotation and can clamp any object. The 
whole system is having a low mechanical time 
constant of milliseconds range and mechanical 
resolution of 0.54 degree . Certain gears are 
implemented on each junction for  speed control as 
well as the direction control. 
b. Integral elements and Operation 

 
Fig.1.4 : Integral parts 

 

 
Fig.1.5 : Motion of Elbow 

 
Fig. 1.6 : Motion of Elbow 

 
Fig. 1.7 : Motion of Wrist 

 
Fig. 1.8 : Motion of Elbow 

 
c. Electrical system modeling. 
 
As per the mechanical calculations derived, three 
servo motors having a torque ranges5KgCm 
to10KgCm are used for the control and driving. The 
servo motor is having a rating of 12V 1A which is 
energized with a battery of 12V 5A attached to the 
body. Servomotor is driven using a driver of ST 
microelectronics is used which is controlled using a 
DSP based microcontroller. The C2000 series of 
Texas instruments DSP controller operated at 
120MHz is used for the control of the whole system. 
The motors have a degree of freedom from 90 degree 
to 360 degree. Its operation is controlled using a 
feedback servomechanism which measures current 
position and the torque developed in the system and 
is fed back to the microcontroller so as to adjust the 
operation of the servo motor in real time with respect 
to the conditions. Automated position control and 
starting torque control is implemented for servo 
motor using a self-turning -adaptive algorithm. The 
signals from electroencephalogram sensor is used to 
measure the stimulus produced from the neurons to 
control the servo motor. The controller has inbuilt 
filter circuits that can be operated in nonlinear 
filtering mode within the range of microvolt to 
millivolt range with corresponding weights on is 
voltage range vary from 0 to 100. Servomotor is 
having a very high response time of points for 
milliseconds. 
 
d. EEG Sensor 
 
Any activity of any organ of the body creates some 
neuro electrosignals. Electroencephalogram sensor, 
commonly known as EEG sensor is a bio electronic 
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sensor that senses electro neural signals produced in 
body parts. The nature of the produced signals will be 
in accordance with the nature of the operation of the 
organ. Electric impulse produced in a neuron can be 
captured using a EEG sensor and it can be used to 
analyses the nature of operation of corresponding 
organ. The proposed system uses of an EEG sensor 
that swift models bio sensing mechanism. 

 
Fig.1.9 

Figure above shows the sample of 
Electroencephalogram (EEG) signal. Peak voltage is 
obtained during the change in sensation and 
minimum voltage is obtained when the organ is 
relaxed. The first step before sensor placement is skin 
preparation. This includes shaving any excess hair 
and cleaning the skin with an alcohol pad; abrasion of 
the skin is also a common step. The goal of all of 
these steps is to allow for better adhesion of the 
electrode and the reduction of skin electrical 
resistance. After the skin preparation, an adhesive 
piece usually must be applied to the electrode before 
it can be placed on the skin. Commercial electrodes 
often have adhesives surrounding the conductive 
surface of the electrode The actual placement of the 
electrode can be difficult and depends on a number of 
factors, such as specific muscle selection and the size 
of that muscle. Proper EEGplacement is very 
important for accurate representation of theinterest, 
although EEg is more effective on superficial muscles 
as it is unable to bypass the action potentials of 
superficial muscles and detect deeper muscles. 
Adipose tissue (fat) can affect EEG recordings. 
Studies show that as adipose tissue increased directly 
below the surface decreased. EEG signal recordings 
are typically more accurate with individuals who 
have lower body fat, and more compliant skin. The 
output potential of a EEG sensor may vary from 
20microvolt to 90 millivolt so the processor will be 
able to take an average value and adjust the amplifier 
with respect to the range It has a frequency of 1mHz 
to 120Hz. EEG sensor output. The processes should 
be as fast as to capture these signals in minimum time 
interval. The most expected range is of 10-30mV 
with 5-25Hz. 
 
IV. RESULTS AND DISUNIONS 
 
Fig. 2 shows the behavior of the basic sensor output 
obtained from the EEG sensor. Once the output is 
obtained, it is amplified and filtered so as to get the 
signals in desired range.Once modified, it is applied 
to a filter circuits so as to avoid all noises. 

 
Fig. 2 

Once the notice was a eliminated as shown in fig.2.1, 
the system is now set for successive approximation 
and growing self-organizing map based classification 
so as to identify the average level of each variation. It 
should be noted that instead of taking the range of 
each and every element the system is meant to be 
operated with an average value of a range of inputs 
what's the average level is found as shown . 

 
Fig. 2.1 

Again filtered and extract it extracted then the 
extracted image is converted for doing self-organized 
mapping section so as to identify the operational 
impulses and remove or other noises as shown in 4.4. 
Once operational decisions are found it is applied to 
the servo motor. 

 
Fig. 2.2 

 
Fig. 2.3 

It should be noted that peak hike corresponding to 
mode change and sine value correspondence to speed 
and direction. 

 
Fig. 2.4 

The EEG sensor is attached to the back of the abiding 
part of the body and output from the sensor is given 
to the processor. The sensor which was varying from 
50 microvolts to 20 millivolts, fed to the processor 
and is made to amplify the same to 0- 3.3 volt range 
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using a nonlinear multiage amplifier. Once the signal 
is amplified, it is filtered using a range filter which 
will split up the sensor value by dividing range levels. 
One of the main problems was that the output from 
the EEG was not nonlinear so the behavior of the 
signal is to be identified and filters should be in 
separate levels with different algorithms. So a 
growing self-organizing map based algorithm is used 
that will automatically find the range of inputs and 
the successive variations from the previous levels. It 
will automatically filter the output with respect to the 
input and this filter input is given for analysis. 
 
As the sensor output is continuously varying, it is 
difficult to drive the motor. So the whole system 
range is composed of two basic levels, threshold less 
than 1.2 volt and greater than 1.2. If the EEG sensor 
level is less than 1.2, then the servo motor will move 
in clockwise direction and if it is greater than 1.2 , 
servomotor will move in anti-clockwise direction. So 
as to provide selection of each limb separately, a 
modes change signal is identified from a third level of 
abnormality, so if there is a certain rate change in any 
emotions, it will be noted for a mod change. So if you 
have to change the limp mode, we have to go for the 
mod change and on every mode change, based on the 
voltage level whether it is greater than 1.2 4 less than 
1.2 volt, the corresponding servo motor will rotate in 
either direction. 
 
CONCLUSION 
 
A prototype model of an artificial which is controlled 
using an EEG sensor is designed, modeled and 
fabricated. The system response is analyzed and 
behavior of the is identified. Then the whole system 
is modified system is modified so as to favor the 
mode of operation as required. The devolved artificial 
limb is of every low cost about Rs 30K and can have 
a load of about 1 kg. The operational features of 
system is also analyzed and the filter algorithm and 
GSOME algorithm is modified in accordance with 
the current state of the system 
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