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Abstract: Various human limbs rehabilitation research has been conducted for incorporating robotic 
technologies in rehabilitation process. It has been proved that robot-based therapy can improve human limbs 
sensory-motor functions after stroke or injuries due to cerebral vascular accident (CVA). Mirror Visual 
Feedback (MVF) therapy or mirror therapy is a method introduced back in early 1990s, which is based on 
mirror illusion to help patient’s limb practice due to paralyze, post-stroke or amputated. MVF could be 
combined with robotic arm to enhance its effect in improving the affected limb’s sensory-motor function and 
reduce pain caused by ‘phantom limb’. The purpose of our project is to design and develop a master-slave 
system robotic hand which can be a substitution for the paralyzed hand in MVF therapy to aid in recovery 
process of patients upper limb function. The project involves an Arduino microcontroller for the 
instrumentation, communication and controlling applications. A series of flex sensors are fitted in a master 
glove to get reading from the movement of human fingers. Microcontroller will further use this information to 
control multiple servos that controls the movement of slave robotic hand. 
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1.0 INTRODUCTION 
 

The purpose of designing an artificial hand or robotic 
hand is to replicate or imitate sensory-motor capabilities of 
human hand [1]. Robotic technology is actively being 
introduced in the development of new methods and devices 
which contributes in assisting human limbs rehabilitation 
processes. At present, due to the advancement of robotic 
technologies, it have changed the method from utilizing 
grippers with only two rigid fingers, and no phalanges, to 
the development of human-like hands with at least three to 
five functional fingers, each with two to three phalanges [2]. 
A master-slave robotic system is a popular tool in 
application related to rehabilitation and remote handling 
operation [3,4,5,6,7]. This system enables the personnel to 
maintain safe working distance from hazardous work 
environment [8]. Moreover, in the field of health-care such 
as tele-surgery and rehabilitation, remote handling tools 
involving the usage of robotic hands are also employed to 
improve human limbs function. There are many types of 
five fingers robotic hand has been developed. Robotic hand 
involving innovative mechanism or Myo-eletric control 
systems are an example of the advanced types [1,2,9,10]. 
R.Vinet et al developed a five finger adult sized 

anthropomorphic hand called the Montreal hand with 
passive adaptive capabilities by means of a clutch, a cable 
system, and a spring-loaded pulley mechanism [1].       

Doshi et al, developed a multiple motors and sensory 
feedback equipped robotic hand which can grasp object 
controlled by computer [2]. From both cases, the robotic 
hand gave a more human-like finger function. But there are 
many setbacks mainly due to oversize, overweight and 
costly.  

 

 
Fig. 1  Mirror Visual Feedback (MVF) therapy [12]. 
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It is proven that imitation is an element which is 
important in proper improvement of social and 
communicative skills [11]. Mirror Visual Feedback (MVF) 
therapy or mirror therapy is an imitation method 
introduced back in early 1990s, which is based on mirror 
illusion to help patient’s limb practice due to cerebral 
vascular accident (CVA) injuries, post-stroke or 
amputated. 

 When human limbs such as leg or arm is amputated, 
the patients may still feel the presence of the limb and in 
some cases the patients still feel the pain such as burning, 
cramping, crushing or lancinating [12,13].  

Ramachandran et al. utilizes a 2x2 foot mirror in a 
MVF therapy [12]. The patient places his paralyzed left 
hand on the back of the mirror and the healthy, normal 
hand on its right (refer Fig. 1). When the patient looks the 
reflection of the normal hand in the mirror, he was 
surprised to see the phantom hand moved and can follow 
his command although it was the normal hand’s reflection. 
The patient also noted that the pain due to the phantom 
hand instantly reduced and felt good. Several other 
research regarding this findings have been done including 
the usage of virtual reality technology gave encouraging 
results in partially effectively reducing pain due to 
phantom hand [14,15,16]. But few researchers have been done 
incorporating robotic hand technology in MVF therapy. 

We have developed a master-slave robotic hand 
rehabilitation device that has 5 finger functions by means 
of a cable system through computer controlled servo 
motors. The light-weight servo motors mechanism will be 
controlled by a glove worn by the user normal hand. Once 
the glove is worn, the robotic hand will be substituting the 
phantom hand in MVF therapy process. In this paper, the 
concepts of the hardware and software design of the 
robotic hand are presented. 
 
 
2.0  MATERIAL AND METHODS 

This project is targeting hemiplegic’s subject due to 
stroke or injuries due to cerebral vascular accident (CVA). 
The subject has one side of the hand hemiplegic but the 
other hand is healthy and normal. The development 
involves designing one unit of master-slave robotic hand 
which can be divided to master unit (Smart Glove) and 
slave unit (robotic hand). In this section, the development 
processes starting from 3D modeling to actual robot hand 
prototyping is presented. 
 
2.1   Master unit (Smart Glove)  

Based on our previous research [17], the master unit 
will consists of a hand glove with five pieces of flex 
sensors (Spectra Symbol) attached on the back of the glove 
inside a casing as shown on Fig. 2.The glove incorporates a 

sensory system based on the flex sensors which can detect 
finger flexion, hence the name Smart Glove was given to 
this hand glove. The flex sensors negative and positive 
terminal are soldered to wires which are connected to 
Arduino microcontroller input terminal for analog signal 
detection. To read the sensor, its variable resistance is 
converted to a variable voltage and amplified with an op-
amp.  

Then, the analog signal is transmitted to the 10 bits 
A/D converter in the microcontroller side for data 
processing. 

 
Fig. 2  Flex sensors attached on the back of Smart Glove. 

 

 
Fig. 3  3D model design of a finger. 

 
Fig. 4 3D model design of the thumb. 
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2.2   Slave unit (robotic hand)  

The slave unit consists of four fingers and one thumb 
built similarly to the dimensions of human hand. In this 
section, 3D models of the slave robotic hand are presented. 
The images were designed in a 3D sketch using Google 
Sketch-up tool. The 3D models are essential to provide 
accurate measurements and suitable design for the molding 
of the finger prototype.  

For each of the four fingers, 3 revolute joints to enable 
the finger to move were designed. Fig. 3 shows the 3D 
sketch of the proposed design of a finger consists of 
metacarpo-phalangeal (MP) joint, Interphalangeal 
articulations of hand (PIP) joint and distal- Interphalangeal 
(DIP) joint. The fingers are screwed to the palm at the MP 
joint. Each of the fingers has a cable system connected to 
one servo motor which provides one independent degree of 
freedom (DOF). The cables are attached to the tip of the 
finger at one end and another end is attached to servo 
motor. The joints can rotate from 0 degree to 90 degree in 
pitch. So, the fingers can be bent by controlling the servo 
motors. From the 3D simulation, MP joint maximum bent 
are larger than PIP joint and DIP point.  

Fig. 4 shows a 3D model design of the thumb. the 
purpose of thumb are to assist in object grasping. Similar 
as the finger design, the thumb also consists of a cable 
system which is connected to a servo motor. The design of 
the thumb consist only 2 revolute joint, PIP joint and MP 
joint. The thumb size are made larger compared to other 
fingers. The thumb can be bent 0 degree to 90 degree in 
pitch. Based on the 3D models, each finger dimensions are 
summarized in Table 1. The overall 3D model of the 
fingers, thumb and palm is shown on Fig. 5.  
 

2.3   Master-slave controller 

A master-slave system is developed in order to 
effectively demonstrate the grasping of objects for a certain 
tasks. The process involving transmitting electrical signals 
from the master to slave is the most challenging task in the 
circuit design. The system is designed so that the slave 
robotic hand can reproduce the similar motion applied on 
the master Smart Glove including keeping the robotic 
hand’s finger angle, direction and speed as similar as the 
master’s motion. The problem regarding time delay which 
is seldom occurs in master slave system will not be 
considered.  

Arduino Duemilanove microcontroller has been used 
in this device to process and control signals generated from 
sensors. The Arduino microcontroller needs to be powered 
by constant 5V power supply via USB connection to a 
personal computer’s COM port. Movement from master 
will provide raw data signals from each five of flex sensors 
to be processed in Arduino board. Arduino will process the 

raw data collected and provide the torque input for servo 
motors in slave robot hand.  

Five Cytron C40R servo motors are used for slave 
control input with 50 Hz Pulse Width Modulated (PWM) 
signal. The plastic gear servos able to provide 180˚ rotation 
angle and maximum torque 6 Kg.cm operated from a 5V 
power supply from Arduino.  

 

 

 

 
Fig. 5 3D model of fingers, thumb and palm for the hand. 

 
Fig. 6  Slave robot hand connection with Arduino 
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Fig. 7  Overall slave robot hand 3D model. 

 

Table 1: Dimensions of slave robot hand.  

 

 
 
 

    
                    (a)                                             (b) 

Fig. 8  Initial condition of master and slave. 

Each finger in the slave has a servo motor for 
actuation by pull a cable over a pulley system. Thus, makes 
each joint on the finger to bend in an equal angle.  

Hence, the slave robot hand’s fingers can be controlled 
through this process. Fig. 6 shows the 3D modeling of the 
planned slave robot hand connections with Arduino 
microcontroller. While Fig. 7 shows the final design of 
slave robot hand. 

 

2.4   Controller Software 

In this section, the software which controls the master-
slave system is presented. The software processed the raw 
data signals received from the master unit and provide the 
calculation for the slave to move. Arduino microcontroller 
is programmed in C/C++ language which uses Arduino 
IDE (Integrated Development Environment), the Arduino  
board which is based on AMEGA 328 chip will process the 
programs and interact with flex sensors ( master unit) and 
servo motors (Slave unit).  

Then the data from all Flex sensor and servos 
positioned can be logged to the PC via USB cable. A 
presentable test format file will be produced with 
Microsoft Windows Hyperterminal tool [18]. 

 
3.0  EXPERIMENTAL METHODS 
 
3.1   Mirror Visual Feedback (MVF) therapy using  
        robot hand  

In this section, the grasping capability of the actual 
master-slave robotic hand is tested on various shape of 
object with the application of mirror therapy. Grasping task 
is done because it is the most basic human movement.  

This is a preliminary experiment of the project, 
because of this, test are done on a healthy subject with both 
hand are normal. The subject is seated. The right hand is 
worn with master unit (Smart Glove). The left hand is 
covered with cloth or shielded inside a box. It will be 
replaced by slave robot hand placed side by side with the 
right hand as shown on Fig. 8(a). Fig. 8(b) shows the 
condition when the right hand is grasping, resulting with 
the same reaction by the slave. We tested a method of 
replacing mirror with a slave robot arm in a mirror therapy. 
Instead of looking the reflection of hand on a mirror, the 
subject will look on a robot arm. This is a method 
introduced in this paper to explore new techniques in limb 
rehabilitation.  

Six grasping tasks have been prepared to test the 
reliability and usability: 

• Task 1: Four finger and thumb gripping plastic bottle.  
• Task 2: Two finger and thumb gripping cable cutter.  
• Task 3: Three finger and thumb gripping multi meter. 
• Task 4: Two finger and thumb gripping plastic cup. 
• Task 5: One finger and thumb gripping solder sucker. 
• Task 6: Four finger and thumb gripping a stapler. 

Both master unit and slave unit will each grasp the 
similar object. Apart from the usability of the slave robot 
arm, we will also verify subject’s experience on utilizing 
the slave robot arm.   
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4.0 RESULTS AND DISCUSSIONS 
 
4.1   Master slave prototype  

The master unit and slave unit actual prototype was 
developed based on the dimensions provided by Table 1. 
Fig. 9 shows the actual master unit consists of a glove and 
five pieces of flex sensors which are connected to the 
Arduino. Fig. 10 shows the actual slave unit’s fingers, 
thumb and palm. The structure of the hand was made from 
light-weight plastic mold. The design which is based on 3D 
sketch was transferred to molding software to make the 
actual skeleton of the hand as shown on Fig. 10. 
 
4.2   Grasping tests results 

Based on the tests prepared in 3.1, preliminary data 
gathered for the tests are summarized in Table 2. The tasks 
results are based on visual observation of the grasped 
objects. Also, various finger combinations were done to 
find out the reliability of the prototype. Generally, all the 
tasks listed earlier in the experimental setup have been 
performed and showed optimum performance towards 
mirror therapy. However, objects which have cylindrical 
surface were difficult to be grasped by the fingers. This is 
due to the surface of finger tips which used was in 
appropriate. As a solution, a rough finger tips surface is 
propose for grasping objects. Regarding the mirror therapy 
effect, the subject commented about the awkward feeling 
towards the slave robot hand. He remarked with that after 3 
minutes of getting use to the ‘new hand’, the subject gets 
an impression that at some point the slave is somehow is 
his own hand.  

Table 2: Grasping tests results. 

 
 
Based on the preliminary study or tests performed on 

the developed master slave robotic hand, it was found that:  

• There is a lack of critical sensor feedback. 

• Current prototype has no movement for the wrist 
or forearm. In the further future work we will 
mount the hand onto a 5 DOF custom built robot 
arm with 2 DOF wrist which can provide extra 
DOF. 

• The fingers and thumb are missing critical DOF. 

 
Fig. 9  Actual master unit (Smart Glove). 

 
Fig. 10 Actual slave robotic hand. 

 
 

  
(a) (b) 

 
                  (c)                                             (d)   

Fig. 11  Various images of servo motors and its surrounding 
 
 
 
 
 
 



Journal of Engineering Technology Vol. 1: 27-32, 2011 
 

32 
 

5.0 CONCLUSION 

A novel approach to the design and development of a 
master-slave system robotic hand and its application in 
mirror therapy has been presented. It is based on 
integrating together multiple degrees of freedom, multi-
sensing capabilities, and distributed control in order to 
obtain not only “elegant” human-like appearance, simple 
and direct controllability, low weight and low energy 
consumption. The developed master slave robotic hand 
system successfully performed the tasks to grasp objects 
similar to human hand. Furthermore, subject’s positive 
opinion suggests a further development of current project 
in robotic hand for Rehabilitation process.Through this 
project, it shows the possibility of incorporating robot hand 
into mirror therapy. It provides a new method for verifying 
the effect of robot hand in rehabilitation. As for future 
work, a collaboration with hand amputated and hemiplegic 
patients are important to determine the impact of our work. 
We are planning to create a skin-like appearance for the 
robot hand to further verify the effect in term of subject’s 
emotional impression towards robot hand in mirror 
therapy. Force sensitive resistors also will be applied to 
provide the amount of force the slave exerting on an 
object. We will be focusing on how to transfer this force to 
the hidden hand in the rehabilitation therapy. 
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