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Abstract—This paper provides a deep insight of development of 

wireless controlling of robot. Usually, robots are made to 

perform different tasks that are usually unable to perform by 

human beings. Large numbers of robots are now being made for 

special purposes like for security reasons, some robots are made 

for improvisation the life of physically disabled persons (PDPs). 

These robots are task specific because they are programmed 

accordingly. This paper describes the wireless controlling of 

robot by hand gesture, as the hand moves in either direction; the 

robot will follow the same in a controlled manner. This robot is 

controlled wirelessly via RF Modules (RF transmitter and RF 

Receiver). The main advantage of this approach is the cost 

effectiveness. This approach is 85% (cost of sensor) cheaper in 

cost than the accelerometer based hand gesture controlling of 

robot. By using this approach, we achieved the same results that 

were desired and to control speed of robot we used a very simple 

and famous technique known as PULSE WIDTH 

MODULATION (PWM). The presented idea of the undersigned 

project is taken from literature but it is not only a cost effective 

approach but the speed of the robot can be controlled in any 

direction. The results have been achieved using a commercially 

available software tool. 
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I.  INTRODUCTION  

In the modern era of technology, many kinds of robots are 
being developed by scientists and researchers. Some of them 
are fully autonomous while some are semi-autonomous. These 
robots do not only play an important role in military 
departments or rescue departments (for firefighters) but they 
also play very important role in Health and Medicine 
department. The proposed project is also designed for 
paralyzed patients whose whole body is paralyzed except 
hands.  Robots based on two different technologies are 
available in market one of them is wireless and other is wired 
but, due to advancement in gesture controlled devices people 
are attracted towards them. [1]  Ccontrolling of robot through 
the hand movements will enhance the quality of independency 
of the paralyzed patients. The purpose of developing this robot 

is to communicate with the robot from a distance in a friendly 
environment. This robot follows the instruction made by PDPs 
hand as if PDPs flex hand, the robot will move backward, and 
when hand extends, robot will move in forward direction, and 
when hand tilts towards right, the robot follow the same 
direction and similarly when hand tilts left side, the robot 
moves in that direction. This robot follows four directions as 
in +y-direction, it will move forward, in –y-direction, it will 
move in backward direction, similarly in +x- direction, it turns 
right and in –x-direction, it turns left. The robot presented in 
this paper, is a wireless robot and it is made by using two 
Potentiometers (one for +x and –x directions and second one 
+y and –y directions) as a voltage level regulator, comparators 
to compare two different voltage levels, Encoder IC 
(M145026) to encode the output signal information and 
decoder IC (M145027) to decode that information, RF module 
that consists of Transmitter (Tx) and Receiver (Rx) for 
wireless communication and microcontroller Arduino UNO 
for controlling the robot.  

II. RELATED WORKS 

The paper [1] describes the development of wireless robot 
by using Accelerometer sensor and PMDC (Permanent 
Magnet DC Motors). Accelerometer sensors are very 
expensive and there are many other options that can be 
implemented and replaced accelerometer cost effectively and 
we can also control the speed of motors in any direction by 
PWM technique or by any other technique. The paper [7][8] 
focuses on the development of the robotic Arm by using Flex 
Sensor, ZigBee and 3 Servo motor connected to the Arduino 
Uno which is controlled by processing software and a 
computer mouse. These robotic Arms are cheap and easily 
available which makes it free from unnecessary wire 
connection, reducing its complexity. But still there is a 
requirement of adding new ideas and functionality. The main 
target of paper [6] is application of wireless hand gesture 
controlled robot .In this idea, instructions are transmitted 
through the palm of person. They used technique of image 
processing for controlling of device. The paper [4] explain 
about the implementation and design of gesture controlled 
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robot by using Flex Sensor, Ultra sonic Sensor, Electronic 
compass and accelerometer connected to Atmega16 
Microcontroller. The research paper [5] describes the Robot, 
which is controlled by a hand Glove Wirelessly via Bluetooth. 
The Robot is developed by using the input section consisting 
of sensor, LCD, Display and a Bluetooth Device and the 
output section which is consisting of NXT Microcontroller, 
Motor and Camera. The programming is developed in 

MATLAB. 

III. PROJECT DESCRIPTION 

Our whole project is composed of two parts; transmitter 
part and receiver part. A complete picture of both parts is 
described as follows: 

A. Transmitter Section 

 

Block Diagram of transmitter section is shown in figure 1. 

 

Fig. 1. Block Diagram of Tx Section 

 

 
Transmitter section of this wireless robot consists of two 

potentiometers, LM 324 IC (a quad op amp integrated circuit), 
an encoder IC (M145026) and RF Transmitter (Tx) module as 
shown in figure 2. 

 
Fig. 2. Transmitter Section Circuit Diagram 

 

Potentiometers 

In this project, two potentiometers are used as a voltage 
regulator. For this purpose, we have set a reference value of 
2.5V (50%), at this value of both potentiometer, robot will 
stay at its static position. When the value of potentiometer 1 
increases more than 50%, it has been set that the robot will 
move in +y-direction similarly, when value is less than 50%, 
robot will move in opposite direction (-y-direction). In the 
same manner, the values of potentiometer 2 also have been set 
for right and left directions. 

Comparator 

Comparators are usually used to compare the two different 
levels of voltages and gives high voltage value at the output. 
In this project, LM 324 IC (a quad op amp integrated circuit) 
is being used. This IC is more compatible for this project 
because we have for four different directions that are to be 
controlled by the PDPs hand gesture, so we need four different 
combinations of output voltages for each direction. In the 
comparator circuit, we set fixed value of reference voltage of 
2.5V and the comparators give output in the form of digital 
data.. Therefore we have the following combinations of binary 
values for each direction that is set by each potentiometer one 
by one: 

 Potentiometer 1 is connected with the first two 
comparators (comparator 1 and comparator 2) and 
this potentiometer 1 is used for ±Y-direction. When 
the value of potentiometer 1 is > 50%, comparator 1 
will give output of high logic(logic 1) and of 
comparator 2 will show low (logic 0), so this 
combination is used for forward direction. Similarly 
for reverse or backward direction, the condition will 
be vice versa.  

 Potentiometer 2 is connected with the last two 
comparators (comparator 3 and comparator 4) and 
this potentiometer 2 is used for ±X-direction. When 
the value of potentiometer 2 is > 50%, the output of 
comparator 3 will be high (logic 1) and the output of 
comparator 4 will be low (logic 0), so this 
combination is used for right turn direction. Similarly 
for left turn direction, the condition will be vice 
versa.   

Encoder IC (M145026) 

This IC is used to encode nine bits data and send this data to 
receiver. It encodes nine inputs with different combinations of 
codes [9]. 

The 6, 7, 8 and 9 pins are data pins that are connected with the 
output of each comparator for receiving the data. The values 
of pins 11, 12 and 13 are specifically assigned for perfect 
transmission of data wirelessly [9], while pin 15 is the data out 
pin which is connected with the data pin of transmitter. 

In our project, we have set 362 KHz oscillating frequency for 
the transmission of data [9]. 
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Proposed Sketch for Hand Gesture  

 

Fig. 3. Tx Section on Proposed Sketch of Hand 

 

 
In figure 3, it is seen that two potentiometers are placed on the 
hand of PDPs and both are connected by thumb and middle   
finger with the help of stick. All four directions of robot are 
controlled by these movements of hand.  

B. Receiver Section 

 
Block Diagram of receiver section is shown in figure 4. 

 

 

Fig. 4. Block Diagram of Rx Section 

 

Fig. 5. Receiver Section Circuit Diagram 

 

 

Receiver section of this wireless robot consists of RF 
Receiver (Rx), Decoder IC (M145027), L293D Motor 
Driver IC, Simple DC Motors and Arduino UNO board as 
shown in figure 5. 

Decoder IC (M145027) 

Decoders use the same transmitter. It decodes 9-bits data. 
The M145027 interprets the first five transmitted bits as 
address and the last four bits as data [9]. The values of pin 
numbers 6, 7 and 10 are also assigned specifically for the 
successful transmission of data at 362 KHz oscillating 
frequency [9]. The pin 9 is the data input pin which 
receives data from Rx module while 12, 13, 14 and 15 pins 
are data output pins and are connected with Arduino UNO 
analog pins (A0, A1, A2 and A3). 

 Motor Driver IC (L293D) 

The L293D is used to control the direction of motors. This 
IC can be used as bidirectional controlling of 2 motors 
simultaneously and can also be used as a unidirectional 
controlling of 4 motors simultaneously. With the help of 
this IC, we controlled the desired directions of our wireless 
Robot [10]. 

The pins 1 and 5 of L293D are connected with pin 
numbers 2 and 7 of Arduino UNO for controlling the 
speed of the robot while the input pins of driver IC are also 
connected with microcontroller to follow the given 
directions that are generated by hand movements of PDPs.  
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Arduino Uno 

Arduino Uno is a very common microcontroller board 
build on ATmega328 [3] [11] [1] which has been used for 
both industrial and academic purposes.This is very flexible 
to use and very efficient to design desired code.  

RF Transmitter and Receiver Module 

RF stands for radio frequency [2] [12]. It transmits data of 
different frequencies according to its model. For encoding 
and decoding of information we use RF MODULE for data 
transmission from encoder IC to decoder IC [1]. 

IV. DESIGN AND WORKING 

Design of our robot is composed of two main parts, transmitter 
part and receiver part. The transmitter part of the project will 
be incorporated on the hand of PDPs while the robot will 
contain receiver part of the project. The signal or information 
of hand movement will be transmitted through RF Module 
wirelessly and all information of hand movement will be 
encoded by Encoder IC and then these data will be decoded by 
Decoder IC. 

In our project, we have set 5 conditions that are stop 
condition, forward movement, and backward movement, 
movement in right direction and movement in left direction. 
The speed of all these directions is controlled by PWM (Pulse 
Width Modulation) technique. 

Stop Condition 

When the position of the hand is parallel to ground or 
when palm of the hand is facing upward and both 
potentiometers have 2.5V, then the output of all four 
comparators will be high, so at this condition, the robot stops. 
At this condition, all four LEDs will be switched off (LEDs 
are attached parallel to DC Motors for clear visualization 
when simulation runs). You can see all red dots at the outputs 
of each comparator that indicates the high logic at the output 
as shown in figure 6. 

 

Fig. 6. Stopping Condition 

 
From figure 6, it is clearly shown that both motors are in static 
condition and all four LEDs that are attached parallel to 
motors, are also switched off due to following controller 
commands. 

digitalWrite(m11, LOW); 

digitalWrite(m12, LOW); 

digitalWrite(m21, LOW); 

digitalWrite(m22, LOW); 

Above command will only execute, when the output of all four 
comparators will be high.   

Forward Direction 

When the hand of the PDPs extends, the robot will move 
in forward direction. At this condition, the output of first 
comparator will be high while the output of second 
comparator will be low. You can easily visualize the red dot at 
the output of first comparator and blue dot at the second one 
as shown in figure 7. 
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Fig. 7. Forward Movement 

 
From above figure 7, it is shown that both motor move in 
clock wise direction at its full speed and LED1 and LED 3 are 
switched on according to the following controller commands: 

digitalWrite(m11, HIGH); 

digitalWrite(m12, LOW); 

digitalWrite(m21, HIGH); 

 digitalWrite(m22, LOW); 

 analogWrite(pwm_1,256) ; 

 analogWrite(pwm_2,256) ; 

From above conditions, it is clearly seen that the speed of both 
motors are set at full speed but in this project, we also control 
the speed of motor at fixed value for different directions by 
using PWM technique. 

     Reverse Direction 

When the hand is in the flexion mode, the results of both 
comparators will be vice versa of Forward direction condition 
as shown in figure 8. 

 

Fig. 8. Backward Movement 

 

From above figure 8, it is shown that both motor move in anti 
clock wise direction at its full speed and LED2 and LED 4 are 
switched on according to the following controller commands: 

digitalWrite(m11, LOW); 

digitalWrite(m12, HIGH); 

digitalWrite(m21, LOW); 

digitalWrite(m22, HIGH);  

analogWrite(pwm_1,256) ; 

analogWrite(pwm_2,256) ; 

From above conditions, it is clearly seen that the speed of both 
motors are set at full speed but we can also control the speed 
of motor at fixed value by using PWM technique. 
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 Right Direction 

When the thumb of the hand abducts (moving away from 
the body), the robots moves in right direction because at this 
condition, the output of third comparator will be low while the 
fourth comparator will have high output as shown in figure 9. 

 

Fig. 9. Right Movement 

 

From above figure 9, it is shown that first motor is in static 
position while second one moves in clock wise direction at its 
full speed due to which only LED3 is switched on according 
to the following controller commands: 

digitalWrite(m11, LOW); 

digitalWrite(m12, LOW); 

digitalWrite(m21, HIGH); 

digitalWrite(m22, LOW); 

analogWrite(pwm_1,256); 

     analogWrite(pwm_2,256); 

 

Left Direction 

When the thumb of the hand adducts (moving towards 
body), the output conditions of both comparators will be vice 
versa of right direction condition as shown in figure 10. 

 

Fig. 10. Left Movement 

 

From above figure 10, it is shown that first motor now moves 
in clock wise direction at its full speed due to which only 
LED1 is switched on while second one is in static position 
according to the following controller commands: 

digitalWrite(m11, HIGH); 

digitalWrite(m12, LOW); 

digitalWrite(m21, LOW); 

digitalWrite(m22, LOW); 
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analogWrite(pwm_1,256); 

     analogWrite(pwm_2,256); 

V. COMPARISONS WITH EXISTING SYSTEM 

The main advantage of our project is the cost effectiveness 

over the previous designed projects. Previous designed project 

used accelerometer [1] for ± X and Y directions while we used 

simple potentiometers that also gave the desired results. 

Another main advantage and improvisation of our project is 

the controlling of speed in all directions by using PWM 

technique.  

 

VI. CONCLUSION 

In this paper, an automated wireless control of robot (cost 

effective robot) has been developed for PDPs which works 

according to the gesture of the hand. This automatic robot is 

developed to enhance the independency of the PDPs by 

controlling the robot through the hand gesture. The presented 

idea of the undersigned project is taken from literature but it is 

novel in this sense that this idea is not only a cost effective 

approach but the speed of the robot can be controlled in any 

direction.  

Our project has some limitation that is our robot has fixed 

speed controlling value, means once we set the value of PWM, 

the robot will move in any direction with that fixed PWM 

value. 

The future direction of our designed project is the 

development of an automated wheel chair for the patients; 

these robots can also be used in security department by 

detecting and destroying the bombs. 

 

Following table 1 provides a clear picture of the direction 

controlling of whole robot. 

 
TABLE I. Summary of Direction Controlling 

 

Sr. No. Axes C 1 C 2 C 3 C 4 Robot Directions 

1 + Y 1 0 - - Forward 

2 - Y 0 1 - - Backward 

3 + X - - 0 1 Right 

4 - X - - 1 0 Left 

5 - 1 1 1 1 Stop 
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