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Abstract— There has been lot of advancement in robotics 

field today. It‟s used in many sectors due to lots of 

automation. Wireless robotic hand aids to automation and 

reduction of human effort. Fingers of this hand make 

movement similar to the operator‟s finger which is at a far 

distance from robot. This has many applications. 

Particularly in rescue operations system can be well 

implemented. Thus things which are at a far location can be 

controlled by using wireless robotic hand. We are using flex 

sensor, arduino controller and RF technology in this project. 

Flex sensor basically is a variable resistor which changes its 

value when it is bent. Such 5 flex sensors are mounted on 

operators hand glove. Depending upon the movement of 

each finger various potential values are generated. These 

potential values are further processed inside arduino 

controller. Arduino uno controller is used at input to sense 

the data from flex sensor and at the output to rotate motors 

attached to hand. RF technology is used for wireless data 

transmission.      

Key words: flex; wireless; robotic hand; wearable sensor; 
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I. INTRODUCTION 

Due to tremendous advancement in science we can see large 

numbers of industries are setting up in the world. Certain 

industrial applications require human beings to manually 

control extremely sophisticated and dangerous equipments. 

Working in close proximity with them can be hazardous to 

human safety. Robotic hand serves as an excellent 

alternative for operating in such critical work environments. 

A.M.Mohd Ali [1] worked with flex sensor and 

flexi force sensor and studied capability of hand to hold an 

object using flexi force sensor. He connected flex sensor at 

the back of glove and flexi force sensor at the 

fingertip.„Hand glove controlled wheelchair‟[2] consists of 

hand gloves with flex sensor attached to it, motors for the 

rotation of wheel, arduino controller and ZigBee module for 

the wireless transmission of data between transmitter and 

receiver. Traditional method of controlling wheelchair with 

joystick was little hard for people having diseases such as 

tetraplegia or sclerosis. But by newly designed wheelchair it 

became easy to operate it with just the movement of their 

fingers. 

A. Nelson [3] invented wearable multi sensor 

gesture recognition system. In this system home appliances 

can be controlled by making three types of gestures i.e. eye 

movement, finger flexing and hand rotation. This system is 

helpful for people suffering from paralysis. Squad 

communication devices by Nattapong tongrod et al.[4] 

consists of wearable sensor glove, ZigBee module for 

wireless communication and computer device for the display 

of visual command data at the output. It is used for 

communication between soldiers. Soldiers at the 

transmitting side send information by making various 

gestures which is received by soldiers at the receiver side 

through computer display.  

Flex extension of human joints is measured by 

laying flex sensor on wrist, knee, elbow and other joints. But 

due to nonlinear behaviour of flex sensor it leads to more 

complexity and time consuming calibration. Giovanni 

Saggio [5] provides solution to linearise the resistance value 

of flex sensor with respect to its bending angle.    

           Joseph Babayan et al.[6] developed a system which 

helps people suffering from amputee below the elbow. The 

device tries to resemble the movement of human hand by 

tracking its finger and wrist trajectories. Fazlur Rahman et 

al.[7] introduced a system to monitor physiological 

parameters, such as temperature, flex angle, pulse rate and 

oxygen saturation in the blood, of a human. Giovanni 

Saggio [8] developed device capable to measure at the same 

time the flex-extension movements of the three joints of one 

finger. Because of this device it became easy to accurately 

measure all degree of freedom of a human hand 

           Our wireless robotic hand using RF technology 

works on principle of flex sensor which records changes in 

potential value whenever there is any hand movement and 

this information is then sent to arduino. Arduino converts 

the analog information into digital form by using ADC. 

Digitalised information is then sent wirelessly through RF 

433 MHz transmitter which is then received at RF receiver. 

Received information is then processed at receiver arduino. 

Microcontroller takes various decisions based on received 

information. It generates PWM signal and sends it to servo 

motors. Depending upon received information, motors move 

in different configurations.  

           This project has applications in various sectors where 

direct involvement of human beings is dangerous. One such 

sector is the nuclear power plant. A harmful radiation 

surrounding the nuclear plant is detrimental to human 

health. In such a situation it becomes hard to work at that 

place and repair it if any fault occurred in system. Using 

robotic hand system as a substitute for manpower for 

working under such conditions can be extremely useful. 

Robotic surgery is also emerging field in health care system. 

This project also has application in robotic surgery. Medical 

surgery can also be done using robotic hand, where hand of 

robot doing surgery is controlled by operators hand 

movement. 

II. WORKING OF SINGLE FLEX SENSOR 

Flex sensor and 22KΩ resistance are connected in series 

configuration as shown in Fig 1. Arduino reads analog 

voltage across 22KΩ resistance. Voltage across resistance 

changes depending upon position of flex sensor. This 

measured voltage is further converted to digital value 

through analog to digital converter of arduino. 
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Fig. 1: Flex sensor connection to arduino     

When flex sensor is straight, potential across 22kΩ 

resistance is more which is measured by analog read 

instruction in arduino. When it is measured and converted 

into digital value through ADC it comes to 720 V. At this 

time flex sensor has some fixed resistance value and 

corresponding potential across it. As we bend the flex sensor 

further flex sensor resistance increases and its potential 

increases resulting into decrease in potential across 22kΩ 

resistance. 

            When we bend the flex sensor till 90 degree, digital 

value at the output of ADC found to be 650. Flex sensor 

can‟t be bent further. Servo motor moves with angle ranging 

from 0 to 180 degree. We are using Servo.h library function 

in a program. It takes values in the range 0 to 180 to run the 

motor. So for to run the motor we have to map those digital 

values i.e. (720 to 650) into (0 to 180) required by servo 

motor. Servo library in arduino will then generate PWM 

signal based on required angular rotation of servo motor. 

Table 1 shows the pulse width required by servo motor to 

move it through various angles.      

Pulse width( ms ) Rotation of motor (degree) 

1 0 

1.5 90 

2 180 

Table 1: Relation between pulse width and angle of rotation 

of motor 

Calculated value of flex sensor resistance found to 

be 2.87 KΩ when it is straight. Flex sensor is then bent 

further and change in its resistance is observed. Flex sensor 

resistance for different value of its bending angle can be 

calculated by similar procedure as above. Table 2 shows 

various values of flex sensor resistance for its different 

bending angles. 

Flex sensor bending (in 

angles) 

Flex sensor resistance (in 

KΩ) 

0 2.8 

45 3.283 

60 4.022 

90 4.769 

Table 2: Relation between flex sensor bending and its 

resistance 

III. WORKING OF COMPLETE HAND 

A. Circuit Design                

It consists of hand glove, robotic hand, arduino 

microcontroller and RF transmitter and receiver for wireless 

data transmission. It has two parts transmitter section and 

receiver section. Virtual wire library function is used at 

transmitter and receiver arduino to send the wireless data 

and receive sent data at receiver. 

B. Transmitter Section    

Transmitter section consists of arduino with RF transmitter 

and hand glove having flex sensor mounted on it as shown 

in fig 2. As fingers inside glove are moved, various potential 

values generated due to bending of flex sensors which are 

further processed by arduino microcontroller and sent 

wirelessly through RF transmitter. 

C. Receiver Section     

It consists of arduino microcontroller with RF receiver and 

artificial robotic hand with 5 servo motors attached to it as 

shown in fig 3. Array of data bytes transmitted through RF 

transmitter are received at RF receiver and are processed at 

receiver controller. Depending upon received values, PWM 

signals are generated to rotate servo motors attached to 

receiver arduino. Rotation of motor in turn moves the 

fingers of artificial robotic hand which are connected to 

servo motor. 

 
Fig. 3: Receiver section   

IV. RF TRANSMITTER AND RECEIVER 

RF transmitter and Receiver works with the frequency of 

433MHz. Fig 2 shows RF transmitter consisting of 4 pins 

Vcc, Gnd, data pin and antenna pin. Single 22 gauge wires 

can be connected at antenna pin of RF transmitter and 

receiver as it works as antenna. 
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RF receiver consists of 8 pins, having 2 data pins, 3 

ground pins, 2 Vcc and 1 antenna pin. Data pin of RF 

transmitter is connected to Arduino controller pin which has 

to be declared as a transmit pin in virtual library. Vcc and 

Gnd of arduino microcontroller have to be connected to the 

respective Vcc and Gnd of the RF receiver. Equation (1.1) 

calculates Antenna height for the RF transmitter and 

receiver. 

(1.1)             Antenna height (inch) = 0.25*C*T*39.36 

Where C=Speed of wave, T=Period of RF frequency wave, 

H=height of antenna 

H= 0.25*3*108 m/s*2.3ns*39.36inch/m=6.8 (inch) 

V. DESIGN 

A. Hand Glove     

 
Fig. 4: Hand glove 

Flex sensors are mounted and sewed on the glove as shown 

in fig. 4. The glove, with the sensor attached to it, is worn 

over the hand. The sensor present in the glove measures the 

finger flexure and hand orientation. It also tracks the 

orientation of finger using changes in electrical resistance of 

flex sensor. Usage of glove ensures multidirectional 

movement of fingers which makes it possible to track the 

motion of each finger. 

B. Artificial Robotic Hand   

The servo motor at the output of receiver arduino acts as the 

actuator. The five fingers for the hand are obtained from 

electrical pipes by cutting them into five different shapes 

which matches the size of each finger. These fingers are 

attached to a plastic base with the help of electrical tape and 

hot glue to resemble a real hand. This hand is then attached 

to the servo motor by means of a string. The attachment is 

done in such a way that the rotation of servo motor causes 

the artificial fingers to bend; thereby mimicking the 

operator‟s finger movement. Rubber sheet is placed on the 

palm to enhance the grip. 

VI. RESULTS 

Table 3 shows various digital values generated at the output 

of ADC, each corresponds to specific motor angle. Table 4 

shows servo motors angle of rotation with respect to 

bending of flex sensor for various angle. 

Digital value Motor angle 

720 0 

708 45 

695 90 

682 135 

670 180 

Table 3: Variation of motor angle with respect to digital 

value at ADC output 

Flex sensor bending Servo motor rotation 

0 0 

30 60 

45 90 

60 120 

75 150 

90 180 

Table 4: Relation between angles of flex sensor bending and 

servo motor rotation 

 
  Fig. 5: Plot of angle of servo motor relation with respect to 

flex sensor bending 

 
Fig. 6: Plot of flex sensor resistance (in KΩ) with respect to 

flex sensor bending angle 

Fig. 5 shows graphical representation of servo 

motors angular rotation with respect to bending of flex 

sensor through various angles. Angle of rotation of servo 

motors increases linearly with flex sensor bending. Fig. 6 

shows variation of flex sensor resistance with respect to its 

bending. Resistance of flex sensor increases linearly with 

increase in sensor bending angle.   

VII. CONCLUSION 

The overall system works very well. The fingers of the 

robotic hand move in synchronization with operator‟s 

fingers. The microcontroller at the transmitter side 

accurately converts the change in flex sensor resistance to an 
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equivalent angle of rotation of the motor at the receiver side. 

Lifting strength of the robotic hand can be increased further 

by replacing current servos with higher torque model servos. 

This enables the system to lift heavier objects. Gripping 

strength of the robotic hand is increased by attaching rubber 

sheets on the palm of its hand. Flex sensors require careful 

maintenance as they are very fragile.     
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