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I. INTRODUCTION 
 

Haptics is defined as the science and technology of 

understanding information through the sense of touch. 

Haptics is a technology which provide sense of touch by 

applying force, vibration, and motion feedback. Over 

the last few years, Haptics popularity has increased, as a 

feedback that helps improve the human experience. 

Nowadays, Haptics is used in vast variety of 

applications. Some of the fields where haptics is used 

include Virtual Reality Systems, education, medicines, 

rehabilitation, etc. A lot of devices have been built that 

provide feedback according to the type of application. 
With the assistance of Haptic device individuals get a 

feeling of touch with computer generated environments, 

so that when virtual objects are contacted, they seem to 

be real and substantial. [1] 

  The use of touch to communicate is known as Haptic 

Feedback. It is basically a mode of communication and 

is nothing less than a new way for humans and 

machines to communicate.[2] 

There are two types of haptic feedback i.e., Tactile, and 

kinesthetic. Tactile sensations are the things that a 

person feels on the fingers. The tissues in fingers have 

several numbers of sensors fixed in the skin, they 

permit the brain to feel things for example: pressure, 

touch, texture, vibration and so on. Tactile feedback 

mechanisms respond to contact, recreating a sensation 

of tapping.[3] 

Kinesthetic feedback refers to the perception of limb 

movements and position and is often broadly defined to 

include the perception of force as well. It is 

responsible for recording peoples body position and 

movements in relation to itself. 

Enormous work has been done in simulating haptic 

tactile feedback designs – both hardware based and 

software.  In [4], the author proposed a haptic button 

based on inductive sensing. For delivering customize 

pushbutton feedback. Similarly, [5] has developed a 

haptic knob of varying rotational stiffness. Theses 

haptic buttons and knobs are used in designing haptic 

simulators e.g., flight simulator [6]. However, these 

methods require physical hardware to simulate force 

feedback which may always not be possible. Therefore, 

we proposed an alternative strategy for simulating 

haptic feedback using virtual environment with minimal 

hardware components.  In this regard, the significance 

of this work is. (1) We developed a GUI which contains 

Hand, Button and Cubes. (2) We interfaced the GUI 

with the Arduino and Motion Sensor. (3) We developed 

a customized Pneumatic actuator.  

The structure of paper is as follows: (1) Section II 

describes technical details (2) Section III describes the 

proposed methodology (3) Section IV describes the 

conclusion of the project. 

  

II. TECHNICAL BACKGROUND 
 

Arduino: 

Micro-controller is often referred as the brain of the 

machine. It executes specific program to communicate 

with the hardware and make decisions. It uses several 

pins to communicate with the hardware and makes them 

ON and OFF through programming. A microcontroller 

can be used to operate small motors, actuators, and 

other devices. 

The Arduino uno is good for basic learning.  It has 

14 digital IO pins, 6 analog inputs pins, a 16 MHz 

resonator, a USB connection, a power jack, an ICSP 

header and a reset button. They are used in smaller 

projects as they have small memory and cannot store 

large arrays.   
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     Fig. 1: Arduino Microcontroller[7][1] 

 

Leap Motion: 

Leap Motion. It tracks hand and finger joints and 

save them in position and rotation matrix, kind of like a 

mouse, however not requiring any physical contact. It is 

Universal Serial Bus power-driven. Leap Motion is a 

high accuracy device. 

Leap motion uses AI and Computer vision technique. 

Leap motion contains three infrared sensors and two 

cameras, these are used to make a depth image of 

whatever is present in its ROI (Region of Interest). Then 

using this image, it finds the hand using Convex Hull 

Algorithm to find the Contour which make a contour of 

hand, and this contour is further used to track the joints. 

 

 

  Fig. 2: Leap Motion [8][2] 

 

Unity: 

  It is a platform for virtual reality systems and used 

for game development. We have used this to control all 

the models by interfacing with hardware. Unity provide 

support to build and deploy games on various platforms 

such as android, windows, iOS, or can be directly run 

using html file on web browsers.   

  

 

   Fig. 3: Graphical User Interface. 

 

Pneumatic Actuator:  

  We have made a balloon like structure which is 

called as soft pneumatic actuator. We made it from a 

plastic material and attached an air flow pump which 

pumps air in it and fills it as soon as the hand fingertips 

of our model in unity collide with any object.   

 

 

         Fig. 4: Pneumatic Actuator 

Air PumpMotor: 

  Air pumps are the devices that take away air from a 

blocked space or use closed space to add air. 

 

Fig. 5: Air Pump Motor [9] 

Solenoid Valve: 

 A valve is used to guide the air flow in the system, 

from the pump to the actuator. It is a three-way valve 

that is operate on 12 volts DC. On one end of valve, the 

pump is connected and on the other end the actuator is 

connected, the third way is kept open to release the air. 

 

          

          Fig. 6: Solenoid Valve [10] 

 

DC Switching Relay: 

  The relay is the device that opens or closes the 

contacts to cause the operation of the other electric 

control.   

It works on the principle of an electromagnetic 
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attraction. The closing and opening of the connections 

through relay armature are achieved through the 

magnetic field. Control coil is wounded on the relay’s 

iron core. Current flowing through this coil will 

generate magnetic field 

 

Fig. 7: DC switching Relay [11] 

III. Proposed Methodology 

 First, a Graphical User Interface was developed in 

Unity Editor (2019 version), then blender was used to 

make models for dashboard (cockpit) and hand and 

import the models in unity. After that, we had the task of 

hand and finger movement detection. 

  Leap Motion device was used to detect the 

movement of hand and fingers. It detects the movement 

of hand and fingers through the three infrared sensor 

LEDs and two cameras. We integrated the Leap motion 

with Unity through the unity core assets package and 

the Leap motion interaction engine. We used the SDK 

documentations to develop the understanding of how 

human hands are tracked and how the co-ordinates are 

obtained. 

After the hand is detected and its coordinates are 

obtained, actuators were used to provide feedback of 

desired nature. The actuator is controlled using the 

Arduino microcontroller. The interaction is detected by 

the unity collision detection component and a signal is 

send to the Arduino to activate the actuator.  

The functional video can be seen here: 
https://youtu.be/b8r5gvw9O7U 

 

 

 Fig. 8: Block diagram of proposed approach. 

 

Fig. 9: Schematics of proposed approach. 

     

Fig. 10: Actuator's setup on Hand. 

 

Fig. 11: Final game User interaction. 

 

IV. CONCLUSION 
 The virtual interface (GUI) has been developed 

and the interfacing between the hardware with the GUI 

has been done. We have used Blender for modelling. 

Then import it in the unity and interface it with the 

script of rigged Hand in the unity which tell the position 

and orientation of the hand which is detected by the 

camera and infrared of leap motion. We have interfaced 

the values from the Arduino with the Unity software 

through Uduino package.    

 This project can be used for medical Rehabilitation, 

pilot training and can be used in disaster condition. 
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