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Abstract - With current advances in technology, it is possible to remotely operate a robot to do delicate tasks such as 
surgeries and replacement of delicate equipment. However very few real-time haptic feedback systems exist till date to 
actually replicate the movement constraints, the temperature, the pressure and other parameters so as to actually immerse the 
operator in the operating environment. Simply put, there is no feedback mechanism which actually makes the operator feel 
the touch of what a robot is holding or sensing. Haptics or kinesthetic technology is the science of feedback which recreates 
the sense of touch by applying forces and vibrations onto the user. A particular state or condition of the device or the robot is 
bound to a specific haptic gesture. But this does not give the operator complete information about the physical bounds within 
which a robot can move. The proposed robotic arm is controlled by the human hand. Flex sensors are used to sense the finger 
movements. This information is transmitted to the robotic arm which moves accordingly. When the arm holds an object, the 
relevant feedback is given to a system on the controller’s hand which activates the haptic system and provides relevant 
sensory information to the human hand according to the properties of the object 
 
Keywords - Haptics, Kinesthetic Technology. 
 
I. INTRODUCTION 
 
Robotics is one of the leading fields in engineering 
with a huge accelerated growth in the past couple of 
decades. It basically includes the designing, 
construction and operation of robots. Robotic Arms 
are widely used nowadays as an individual 
mechanism or as a part of a complex robotic system. 
A robotic arm basically is a programmable 
mechanical arm used to function similar to a 
human arm. Current robotic arms are usually operated 
by remote controls. These control systems do not 
provide any feedback to the operator. It will be much 
better if the arm can be controlled by human hand 
movements. Also, if the sensory information 
regarding the object characteristics like temperature, 
weight, rigidity etc. is provided, it will improve the 
situational awareness and decision making abilities of 
the user. 
This paper focuses on designing and implementing a 
robotic arm controlled by human hand movements, 
which provides haptic feedback. This feedback will 
help the user obtain information about various 
properties of the target object mainly temperature, 
and weight. The information thus gained will make 
the user experience more real and informative. 
Haptics is a science of touch by which we can 
collaborate with the real and the virtual world. 
Haptics enhances the user experience through 
improved usability, enhanced realism, and restoration 
of mechanical feel [1].  The proposed work is broadly 
divided into three segments: Haptic glove, Robotic 
arm, and Haptic feedback. 
 
II. LITERATURE SURVEY 
 
2.1 Two Jaw Robotic Gripper 

Two Jaw Gripers are nothing but servo operated 
grippers. Two jaws are controlled by a servo whose 
rotation angle can be changed to close or open the 
jaws. They are easy to operate, low cost & widely 
used by electronics hobbyists. They are generally 
fitted on different robotic systems for simple pick & 
place jobs. However these simple grippers provide no 
feedback to the user regarding the force of grip & 
object parameters like temperature, weight and 
boundary. Further they cannot mimic the flexibility of 
human hand and have limited degree of freedom 
(DOF). 
 

 Fig.1. Two Jaw Robotic Gripper. 
 
2.2. Shadow Dexterous Hand 
Shadow Dexterous Hand has been developed by The 
Shadow Robot Company. It resembles the actual 
human hand having the flexibility to move all joints. 
It has 24 joints and 20 degree of freedom. It is 
available in electrically actuated and pneumatically 
actuated versions.  It can be mounted on various 
robotic arms and has the ability to grasp objects just 
like a human hand. It also includes BioTac tactile 
sensor which provides feedback about object 
parameters. However it’s a very costly system and 
very few people can afford it. Also such a wide 
flexibility is not required for many simple tasks. 
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Fig.2. Shadow Dexterous Hand. 

 
2.2. i-LIMB[2] 
i-LIMB is the world’s first commercial bionic hand 
developed by Touch Bionics. Similar to the Shadow 
Dexterous Hand it has the complete flexibility of 
human hand. It is used in prosthetics. It has 5 
individually powered fingers including a rotatable 
thumb. It has been developed for people without 
upper limbs. It has complex algorithms to auto grasp 
objects if the grip is loose. However this system is 
also expensive and complex for normal pick and 
place jobs. 

 

 
Fig.3. The i-LIMB being used as robotic hand. 

 
III. SURVEY OF HARDWARE & SOFTWARE  
 
3.1. Hardware Components 
The proposed project work requires hardware 
components like microcontroller, flex sensors, inertial 
measurement unit, temperature sensor, peltier 
module, etc. 
 
3.1.1    ARDUINO MEGA 2560  
It is a simple i/o board. It is used to create stand-alone 
systems. It is based on the ATmega2560. It has 54 
digital input/output pins (of which 14 can be used as 
PWM outputs), 16 analog inputs, 4 UARTs 
(hardware serial ports), a 16 MHz crystal oscillator, a 
USB connection, a power jack, an ICSP header, and a 
reset button [8]. 

3.1.2. Flex Sensors 
Each finger on the haptic glove is fitted with a flex 
sensor. Each flex sensor is 4.5" in length. As the 
sensor is bent, the resistance across the sensor 
increases. The resistance increases with increase in 
angular bend [3][4]. 
 
3.1.3.  Inertial Measurement Unit 
The IMU measures velocity and orientation of the 
arm using combination of accelerometer and 
gyroscope. The accelerometer is used to detect 
change in rate of acceleration and the gyroscope is 
used to detect the change in rotational attributes like 
pitch, yaw, and roll [5]. 
 
3.1.4. Temperature Feedback 
LM35 is a precision centigrade temperature sensor. It 
is mounted on the robotic arm to measure temperature 
of the object. It gives the temperature directly in 
centigrade. It is a low cost device suitable for remote 
applications. It provides a full range of -55 to +150˚C 
but for use in this project basic range of 2 to 100˚C is 
sufficient. Due to low impedance and linear output its 
interfacing and control circuitry is easy. [6] 
For giving sensation of hotness or coldness to the 
human hand a Thermoelectric cooling (TEC) module 
is being used. TEC Peltier modules are typically used 
for cooling but can also be used for heating just by 
reversing the flow of current.   
 
3.2. Software Used  
Arduino IDE is an integrated development 
environment which is used to program Arduino 
Micro Controllers. The syntax is C language [7]. 
 
IV. PROPOSED METHOD OF  
IMPLEMENTATION 

 
The project implementation takes place in following 
stages: 
 
4.1.     Haptic Glove 
The haptic glove fits on the human hand and is     
used to track the motion of human arm, movement of 
fingers and provide sensation of the object parameters 
sensed by the Haptic Feedback circuitry. Five flex 
sensors will be used to track the movement of the 
fingers. An inertial measurement unit (IMU) will be 
used to sense the motion of the human arm. The 
glove will also be fitted with a heating/cooling 
module to provide a sensation of object temperature. 
A movement restricting mechanism will be designed 
to restrict the motion of human hand once the force 
exerted by the robotic hand exceeds the threshold 
limit 
 
4.2.      Robotic Arm 
The robotic arm is an electro- mechanical device 
consisting of arm & hand part. The hand will consist 
of 5 movable fingers. They will be controlled 
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individually by servos. The servos are controlled by 
signals from the flex sensors fitted on haptic glove 
which track the finger movements. The arm is 
controlled by the IMU signals and can mimic human 
arm movement in vertical and sideways directions (2 
DOF). 
 
4.3.      Haptic Feedback Circuitry 
Feedback Circuitry consists of sensing part and 
sensation providing part. The sensing circuits are 
fitted on the robotic arm. They will be used to sense 
object parameters like temperature, weight, boundary 
& force of grip of robotic hand. The sensation 
providing part will be fitted on the haptic glove worn 
by the user. It will replicate the conditions 
experienced by the robotic arm while handling any 
object on the human hand. 
 

 
Figure 1: Block Diagram of proposed system. 

 
CONCLUSIONS 
 
The synopsis thus emphasizes on obtaining all the 
necessary sensory information about the target object 

by mounting various sensors on the robotic arm and 
providing relevant feedback to the human hand for 
improving the user’s action. 
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