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ABSTRACT 

The increasing need of Humanoid for doing job like working at hazardous places e.g. nuclear 
reactor or requirement of robotic hands in the medical field, has made it necessary that 
humanoid control should be made be better, wirelessly interacted with minimum actuators 
and sensors related errors. This paper is about transforming an open loop controlled wireless 
hand gesture humanoid into a closed loop  controlled system and compare the  results. 
Smart glove consisting of flex sensors is used to judge the user hand gesture by the flex 
voltages generated due to flex bending and master Arduino maps the hand angles and 
transmit using RF module. The Slave Arduino receives the angles and writes these to the 
robot servos. The servos potentiometers are used as feedback transducers which are used 
to check the robot fingers positions and the slave Arduino continuously checks and find the 
difference between hand and servo angles, then corrects the errors by moving a degree by 
degree towards the required position. This increased the accuracy and stability of system.    

Keywords: Flex Sensor, RF Module, Open loop control system, closed loop control system, 

wireless transmission  

 

1. INTRODUCTION 

The importance of Robots is that they 

perform work and are lessening load on 

the human. Robots can be preferred for 

jobs that are unsafe to individual, 

adhering to the guidance of individual. 

They are utilized in assembling territories, 

get together and pressing, transport, 

medical procedure, weapon processing 

plants, lab examine, and modern 

merchandise. Robots are controlled by the 

controllers, they could be wired or remote 

controlled. The mind of robot perform 

errand which depends on given guidance 

this procedure is called man-made 

reasoning. 

    In spite of all these advantages of 

robots they have short comes in working 

which can’t be compromised. The losses in 

the actuator, sensor, and during the 

transfer of data make the system 

inaccurate. To overcome these limitations 

the closed loop system is used in the 

robots instead of open loop. In open loop 

system the input transducers/sensors give 

analogue values to the controller .The 

controller converts these analogue values 

to the digital values and process it and 

give signals to the actuator to perform the 

required task, errors exist during this 

process and now check and balance are 

present to remove these errors. 

In close loop system feedback transducers 

are used on the output side with the 

actuator to sense their output, this value 

is then differentiate with the input value 

using the comparator and the error value 

is generated. This error is then added to 

the input signal to get the accurate work. 

Our project shows comparison between 

the open loop and closed loop system. A 

hand gestures following humanoid robotic 
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hand is used. First an open loop system is 

implemented using flex sensor to copy 

hand gestures on robot, then we used 

feedback transducers that are DC motors 

with potentiometers to implement the 

closed loop system. 

The robotic hand is controlled by a smart 

glove consisting of flex sensors, smart 

wearables like smart glove have large 

application in taking data from the user. A 

Tactile Sensing and Actuation based 

Communication Glove for Deaf visually 

impaired People is developed It relies 

upon finger Braille. The device 

incorporates a splendid finger glove worn 

on two presents the ring, focus and 

pointer.it communicate with mobile 

phones using Bluetooth. Six material 

sensors and actuators each were used and 

a couple introduced in the glove in the 

ring, focus, and record fingers of two 

hands to address the six touches of the 

Braille code. [1] 

Gesture controlled robotic arm using flex 

sensor is developed with the seven 

degrees of freedom of robotic hand. the 

design of the arm involves the controlled 

movement of fingers, wrist and palm. The 

servo motors are used for the movement 

of hand. Accelerometer and the flex 

sensors are used control the movement. 

Accelerometer used to control the motion 

of palm and a wrist while the flex sensors 

to sense the motion of fingers .The voltage 

drop across the flex sensor and 

accelerometer due to the positive and 

negative deflection due to the bending of 

finger, wrist and elbow fed to the 

analogue pin of the controller which maps 

the angles Zigbee Wireless module is used 

for communication between hand and 

Glove. [2] 

Advanced system for the operation of 

robots in industries using ROS(robot 

operating system) communication system 

are introduced. Main principle of ROS is to 

implement it using the gestures of hand 

and body. For the body gestures rbg-

dcamera has been used and leap motion 

for the recognition of human hand. The 

whole circuitry consists of recognition 

module, decoder module and a control 

module for the proper translation of 

gestures on the other side of the decoder. 

The movement of arm for the body 

gestures have been taken along x, y and z 

directions. The two modules have been 

connected using computer through TCP/IP 

protocol. Thus the robotic arm can be 

made to move in any of the 6 directions. 

[3] 

A Glove for Visually Impaired was 

designed, ultrasonic sensors sensor were 

used, when object detected by sensors 

vibration of motor was used to tell user 

that there is an object in front. [4]  
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Methodology 

The smart glove consisting of Flex sensors 

(input transducers) is used to check the 

hand gesture, Flex resistance varies with 

the bending of finger, and a voltage signal 

is generated which is read by Master 

Arduino. Master Arduino maps the fingers 

angles between 0 to 180 degrees 

according to the voltage across flex sensor 

and encodes them to transmit them 

through the transmitter module of HC-11.  

The signal received at receiver is given to 
the Slave Arduino which decodes the 
received angles and then writes them to 
the servo motors connected to the robot 
fingers, a fourth wire is attached to the 
variable terminal of the servo’s 
potentiometer for feedback purpose. This 
helps mapping the position of robot 
fingers. We map the angles between 0 to 
180 degree using the resistance of servos 
potentiometer. The slave Arduino 
continuously checks and find the 
difference between hand and servo 
angles, then corrects the errors by moving 
a degree by degree towards the required 
position.  

 

 

 

 

 

 

Figure 1: Block Diagram 

Fig.1 shows the Block diagram of the 

system. 

 

 

 

Flowcharts 

1. Using Open loop  

There are two phases in which the system 

works first is the training and second is the 

testing phase. In training phase the system 

takes values of flex bending in fist and flat 

positions of user’s hand to map angles 

according to the current user. In testing 

phase the user interfaces with the robot 

using glove. 

         

 Figure 2: Master Arduino open loop 

training phase flowchart 
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Figure 3: Master Arduino open loop testing 

phase flowchart 

Fig.2 and Fig.3 shows the flow charts 

of the testing and training phases of 

Master Arduino when the system is 

operated in open loop. Fig.4 shows the 

flow chart of slave Arduino in the 

training phase, it just receives the 

angles and writes them on servos after 

decoding them.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Slave Arduino open loop testing 

phase flowchart 

 

 

 

 

2. Using Closed Loop 
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The Flow chart for Master Arduino testing 

phase is same as the Fig.2, the servos 

potentiometers are used as feedback 

transducers and slave Arduino reads their 

input, Fig.5 shows the flow chart for slave 

Arduino training phase in closed loop.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Slave Arduino open closed 

training phase flowchart  
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Figure 6a: Slave Arduino closed loop 

training phase flowchart  
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Figure 6b: Slave Arduino closed loop 

training phase flowchart  

Hardware 

The Fig.7 and Fig.8 show the physical 

structure of robot and the smart glove 

respectively.   

 

 

Figure 7: Robotic hand physical setup 

           

 

 

 

                    

 

 

 

 

 

 

 

 

Figure 8: Smart Glove 

The values of angles depend upon the 

voltage signal generated by the flex sensor 

due change in their resistance by the 

variation of their bending the value of the 

value drop across the flex can calculated 

by voltage  

                      (1) 

Hardware Results 

Project developed a wireless closed loop 

feedback Robotic hand to provide the 

greater working accuracy, large range 

wireless operation and improve the human 

machine interface. 

Case 1: Pinky Finger 

Fig.9 shows Pinky Finger Open and Close 

loop results. The red line shows the close 

loop results, a difference of minimum 10 

Degrees exists because of the tolerance  

 

 

of the feedback transducers. The 

difference greater or less than 10 degrees 

is due to the mechanical limitation of the 

robotic structure. 

 

 

 

 

 

 

 

 

 

Figure 9: Pinky Finger Open and Close loop 
results 

Case 2: Index Finger 
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Fig.10 shows Index Finger results. Open 

loop results show that robot may achieve 

two different values for the same angle of 

hand while in closed loop the error is 

minimized up to less than 20 degrees 

(remaining error is the mechanical 

limitation of the robot). 

 

 

 

 

 

 

 

 

Figure 10: index Finger Open and Close 
loop results 

 

 

Case 3: Middle Finger 

Fig.11 shows Middle finger results. The red 

line shows that 15 Degrees difference 

exists in the robots and the hand angles. 

The additional 5 degrees error is due to 

the mechanical limitation of the robot 

joints and the actuator itself. 

 

 

 

 

 

 

 

Figure 11: Middle Finger Open and Close 

loop results 

Case 4: Ring Finger 

Fig.12 shows ring finger results. The blue 

line shows that the robot ring finger moves 

to same angle for two different values of 

the hand angles while this error is 

minimized through close loop. 

 

 

 

 

 

 

 

 

Figure 12: Ring Finger Open and Close loop 
results 

 

Case 5: Thumb 

Fig.13 shows results of thumb. A large 

difference exists in the angles of thumb in 

the open loop this difference is minimized 

in close loop. 
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Figure 13: Thumb Open and Close loop 

results 

CONCLUSION 

The Results show that in open the robot 

accuracy is very low, it can achieve any 

value in the open and it can attain 

different angles for the same angle of 

hand as in case of the ring and the index 

finger, the accuracy of the system 

increased in the closed loop, the errors in 

the closed loop are due to the tolerance 

of feedback transducers which is kept as 

10 degrees through coding and additional 

error is due to limitations of the 

mechanical structure of the Robotic Hand.    
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