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 A human arm makes many functions that a robotic arm always programmed 

to make same functions. The human limbs motion can be captured using 

sensors that they will always copy hand movement. The rapid spread of the 

Coronavirus (COVID-19) virus and contacting the infections make the number 

of patients doubled in short time. The system proposed in this research can 

protect clinicians against infection with virus by reducing the contact with the 

infected and treat them remotely. This system type can be useful in different 

other fields of industrial works and defense where dangerous and delicate task 

can be done remotely without actual touch. Xbee shield is used to allow a hand 

glove flex sensor to communicate with the robotic arm using Zigbee 

wirelessly. Zigbee here is based on Xbee module from Max stream that can be 

communicate outdoor for 300 feet with the line of sight and indoor for 100 

feet. Proportional, integral and derivative (PID) controller used in the proposed 

system to achieve smooth movement of limbs. The desired signal comes from 

flex sensor that connected to each limb. Kalman estimator proposed to find 

current state of each limb. In order to get better performance, particle swarm 

optimization (PSO) is used. 
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1. INTRODUCTION 

Corona virus is one of the new Corona virus family, where most cases of infection appeared in the Chinese 

city of Wuhan at the end of December 2019 in the form of acute pneumonia. The main purpose of this work is to 

protect all the workers in healthcare especially doctors from infection by Corona virus while they treat patients. 

Nowadays, robots can be used in many applications and areas as in medicine and industries. Thus, one type of robots 

is used in this work to implement the solution to the healthcare system with the virus-infected peoples using wireless 

signals to prevent doctors' infection. Robot end effectors are designed to do multiple tasks because it make it with 

high performance and high speed. Naturally, repeated tasks is bored for human so the best alternative is a robot [1].  

Service robotics play important role in a human life. Rebotic grapser as an example make the everyday 

life of people who lost their arm or arms much easier [2, 3]. In today's society, the graspers not only make 

multiple functions, but also have a design with low cost. People for these reasons always use artificial limbs 

with a lower fuctions and the others that looks more humanlike and with no any function at all [4]. The 

industries applications also prefer a grapser that can make many works in the same time and the others with 
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lower cost. For these esthetic reasons, the needage to cheaper robotic grapser that can do many tasks compared 

to everyday grasps is necessary [5, 6].  

The main aim of the work is to reduce the number of infections by coronavirus and protect the doctors from 

infection by making a glove embedded with many sensors to copy the gestures of hand and finger, and implement 

them in different things, like moving robotic arm and many more [7, 8]. Also, it is important to make the movement 

of robot smooth as possible. In some cases, a path planning is needed to avoid collision with obstacles or other robots 

or other parts of the same robot. All the requirements mentioned above cannot be achieved without using latest 

technologies and algorithms, for example, particle swarm optimization (PSO) or any other optimization algorithms, 

can make it compatible with proportional, integral and derivative (PID) controller to increase the quality of  

the response based on fitness function. Fitness function can contained multiple functions for better description of  

the desired response based on application.  

There are multiple estimators can be used with this work. Kalman filter is used based on multiple tests. It 

gives good performance with the flux sensor. The authors of [9] develop a method of sensing and control hand of 

robot based on EMG sensor. The system can sense two cases of each finger (thumb) of four-finger hand which are 

open and close. The authors of [10] develop a control system for an arm of robot with 6 degree of freedom. Their 

proposed system is simple and cheap as compared to the other systems. They use Python software because it free, 

simple and develop a reliable software control.  

Adaptive command-filtered backstepping control (CFBC) is designed for the robot arm. Backstepping is a 

non-linear control method. The stability of the controller examined by Lyapunov method [11, 12]. A lightweight  

5 degree of freedom robot arm was designed and implemented in [13] in order to use it on the quadcopter for multiple 

purposes. PSO is used in [14] with neural network (NN) for kinematic parameter identification. Multiple control 

methods were used for joints of robots like PID as a linear method or backstepping as a non-linear method as 

mentioned by different works [15-18].  
 

 

2. PARTICLE SWARM OPTIMIZATION (PSO) 

PSO is one of the smart optimization algorithms. It's belongs to Metaheuristics which is one of the classes 

of optimization algorithms [19, 20]. It is based on praline swarm intelligent and is inspired by the animals' behaviors 

as birds or fish. PSO is an easy type of optimization algorithms that is used in many applications in different fields 

as engineering and science for example, data mining, image processing, machine learning and various other fields 

[21, 22]. Initially, PSO introduced by James Kennedy and Russell C. Eberhert in 1995 [23]. At the beginneing, they 

were working for developping a model to describe the animals' social behaviors as school of fish. Then, they realize 

their models, which are capable of doing different tasks of optimization [24]. In last twenty years, PSO became one 

of the most famous useful algorithms that it can solve different problems of optimization in different fields. One of 

the key points behind the PSO is that it easy to implement [25]. Actually, PSO is a powerful algorithm and very simple 

to use. Figure 1 and Figure 2 explain the operation of PSO algorithm as flowchart and pseudocode respectively.  
 
 

 
 

Figure 1. Flowchart of PSO algorithm 
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Figure 2. Pseudocode of PSO algorithm 
 

 

3. KALMAN FILTER 

It is a mathematical iterative process that use a set of consecutive data and equations that quickly input 

to estimate the true value like velocity, position, etc of the measured object, when the measured value is random 

error uncertainty or vibration or unpredicted [26-28]. Figure 3 shows the block diagram of the process of 

Kalman filter. Here, three main equations need to be done. The first equation is to find the gain of the Kalman 

filter. The second equation is to find an estimated value of current. The third equation used to find the last 

estimation error. These three calculations are repeated continuously to improve the current estimated value. To 

calculate the gain of the Kalman filter, two parameters must be available. The first one is the error of estimation. 

At first, the error estimation value must inserted and then come from third equation repeatedly. The second 

parameter is the error in measured data. The Kalman filter gain is really put the error in the data measured 

versus the error in the estimate. If the error in the estimate is small, the gain put the most important in it and 

vice versa. The current estimate is found based on input data in addition to previous estimate. The new error 

estimate is found based on the gain of the Kalman filter and the current estimate value. This process repeated 

continuously to decrease the error and get the true value. Figure 3 explain the block diagram of the mentioned 

filter while Figure 4 describe the operation of Kalman filter as a loop. The data from the flex sensors in this 

work filtered using Kalman filter loop of operation to estimate real desired states. 
 

 

 
 

Figure 3. Block diagram of Kalman filter 
 

 

 
 

Figure 4. Loop operation of Kalman filter 
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4. PROPOSED SYSTEM 

In this system, we made a wireless control for robotic arm using optimized PID controller and Kalman 

filter. A flex sensor is connected with each limb according to Figure 5. Arduino is used to get the signal of each 

flex sensor. The received signal was filtered using Kalman filter in order to get better estimation of current 

state in state of noisy data getting before. The feedback data come from similar sensors connected with  

the limb of robotic arm as shown in Figure 6. 

 

 

  
 

Figure 5. Flex sensor connected to each limb 

 

Figure 6. Flex sensor connected to the robot arm 

 

 

The parameters of PID controllers optimized using PSO algorithm according to the block diagram 

shown in Figure 7. The overall system can be described in the following steps: 

Step1: Install the system according to the circuit shown in Figure 8. 

Step2: Get the desired states from flex sensors that connected to the human limbs. The data received from 

analog terminals of Arduino. Change the flex sensor angle leads to change in output voltage of  

the voltage divider. The output voltage changes from 0-5 V converted to a digital form with range  

0-1024. The accuracy of inversion is 0.4%. 

Step3: The data from step 2 filtered using Kalman filter to estimate real desired states.  

Step4: Send filtered data gotten from step 3 to the robot side wirelessly using ZigBee protocol or internet.  

Step5: Repeat steps 2, 3 and 4 endlessly with 1 sec. interval.  

In the other side (side of the robot), the system works as following steps: 

Step1: Receive the desired data sent from the human side. 

Step2: Get the actual states of the robot using flex sensor that connected to the limb of the robot (same 

procedure of step2 in the human side to get the actual states). 

Step3: Compute the error signal based on desired and actual values. 

Step4: Use PID controller to generate output signal used by actuators (servo motors) to change the states of 

limbs in order to decrease error signal. 

Step5: Repeat all steps before endlessly within 1 sec. interval. 

 

 

 
 

Figure 7. Block diagram of PID parameter setting 
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Figure 8. Block diagram of the implemented circuit 

 

 

5. RESULTS  

The flex sensors were subjected on the glove that the doctor will wear it by hand and they will copy 

the movement of his fingers. The angles of these flex sensors will be transmitted used ZigBee protocol using 

XBee module shield that put-on Arduino board. This human side is shown in Figure 9. The robotic arm shown 

in Figure 10 was used in this work to recive the angles data from the Xbee module which are the data get from 

flex sensors and treat the infected-people directly. The implemented robot side was shown in Figure 10.  

 

 

  
 

Figure 9. Human side 

 

Figure 10. Robot side 

 

 

This tranciever system (human and robot sides) was tested in multiple scenarios and give high 

performane to treat people remotely using ZigBee protocol based on XBee module when examined practically. 

The optimized PID controller is an efficient controller for these types of systems. The step response without 

optimization of each finger was tested using Matlab simulation and is shown in Figure 11. In this response,  

the rise time and settling time is very high, and the response did not reach the maximum overshoot.  In  

Figure 12 the tuning or improved response to the desired is demonstration. The desired response that get after 

optimization process was shown in Figure 13. In this improved response, the rise time is 1.2 sec. and settling 

time is 1.6 sec. which is better than the response without optimization. The maximum overshoot in this curve 

is 1.1 at 1.3 sec. Table 1 summarize the step respose specifications of optimized PID controller. 
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Figure 11. Step response without optimization 

 

 

 
 

Figure 12. Tuning of PID parameter 

 

 

  
 

Figure 13. Step response of an optimized PID controller 

 

 

Table 1. Step response specifications of an optimized PID controller 
Rise time Settling time Maximum Overshoot Peak time 

1.2 1.6 1.1 1.3 
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6. CONCLUSIONS 

The proposed system works with high performance and high accuracy in its final version when it was 

examined practically in healthcare centers. PSO and Kalman filter improve the performance of the system 

significantly. The flex sensor works with high frequency response but its output is noisy, so Kalman filter is 

proposed to overcome this weak point of the sensor. Small bitrate is enough to transmit data needed to control 

the robot wirelessly, so the weakness of internet in many regions like Iraq did not interrupt the work of  

the system. Another advantage of Kalman filter in this system is to overcome loss data in small interval.  

The system still behaves stable.  
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