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ABSTRACT  

The current work was developed under the title of Artificial Neural Network (ANN) 

Proportional Integral Derivative (PID) for the arm rehabilitation device and included building 

and designing the simulation model and simulation results for the arm rehabilitation device. A 

set of tests were proposed to include firstly testing a system that represents the state of the open 

arm rehabilitation device and secondly It represents the closed arm rehabilitation device, third 

represents the closed-loop arm rehabilitation device with PID control device, fourth represents 

the arm rehabilitation device using ANN, and finally the closed-loop arm rehabilitation device 

can be used with a comparison between PIDC and ANN. To conduct all the proposed test cases, 

a program can be used MATLAB, which can help simulate a device that represents an attempt 

to regain movement in the arm, which is called rehabilitation. It can be noted that the target 

group is some people who suffer from stroke. By representing the system in the proposed 

simulation model, its effectiveness can be verified. It is possible to conduct tests aimed at 

improving performance by working on developing the model by adopting the appropriate 

design for the characteristics that match the required operational behavior of the system with 

all conditions that suit different situations. The test cases demonstrated through the simulation 

results the possibility of identifying the system behavior for the proposed cases. The difference 
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between the system behavior for all these cases was also identified. In addition to the possibility 

of improving the performance of the movement recovery device to rehabilitate the injured arm 

through the system’s performance in the presence of an expert neural network controller, it is 

better than the traditional controller. 
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1. INTRODUCTION 

Dealing with nonlinear systems needs to building a model based on mathematical 

representation, and to verify the quality of performance (Triwiyanto, et al., 2023; Zadehbagheri, 

Mahmoud, et al., 2023; Dakheel, Hashmia S, et al., 2023). It is verified by conducting 

simulations using MATLAB / SIMULINK to build a model that is designed through simulation 

experiments for different working conditions that simulate real time, taking into account the 

fluctuations and disturbances associated with its work (Hassan, Ibrahim A., et al. ,2024;  Abood, 

Layla H., et al., 2022; Raheem, A. K. K. A., et al., 2012). Simulations were conducted to achieve 

the work. In the required form, starting from "developing a mathematical model and 

representing it with differential equations, up to" representing the system with a transfer 

function, then conducting multiple tests (Umam, Faikul, et al., 2023; Mossa, Mahmoud A., et 

al., 2022; Shneen, Salam Waley, et al., 2016). It first included the system for the open loop and 

the last for the closed loop, then added the proposed control systems. The quality and accuracy 

of the work was verified with the speed required for the system response and error reduction to 

the discrepancy in the percentage of performance by making a comparison between the 

proposed methods (Nalibayev, Nurgali, et al., 2024; Baghli, Fatima Zahra, et al., 2023; Shneen, 

Salam Waley, et al. , 2023). The simulation proved the possibility of improving the performance 

-By using the traditional and advanced optimization method, but the best performance is 

superior to the optimization the traditional in terms of the level of upper and lower overtaking, 

response speed, stability, and ascent time to control the torque for a better performance of the 

servo system to the control to obtain an adaptive state of the system (Shamseldin, Mohamed 

A., et al., 2023; Chotikunnan, Phichitphon, et al., 2023; Eissa, Suad Ali, et al., 2023). Control 

of industrial systems (IS)is essential to manage and generate the required kinetic energy as 

various operating conditions change and system disturbances change during the system's 

operation, such as a change in the load (Saputra, Dodi, et al., 2023; Penta, Samyuktha, et al. , 

2023; Shneen, Salam Waley, et al. , 2016). Industrial systems usually consist of system parts, 

including controllers and systems that generate motion and maintain system stability. 

Implementing control strategies is essential to protect the system's stability, reliability, and 

operating efficiency (Adetokun, et al., 2022; Kumar, G. Syam, et al., 2024; Shneen, Salam 

Waley, et al., 2021). In this research, a leveling control theory based on nonlinear control is 

developed to control and regulate the behavior of the system, regardless of variations of load 

conditions. The effectiveness of the recommended proposal has been implemented using 

MATLAB simulation, indicating that it is possible to provide stability in system behavior, 

reduce ripple content, and provide good performance. Therefore, the method is effective 
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compared to the classical PI approach. The proposed control has a fast tracking speed, which is 

a very fast response time compared to the traditional approach, which takes to reach the 

reference value. To obtain accuracy in the performance of the robot’s work in some industrial 

applications, this requires control systems designed with the robot’s work system to perform its 

function in the correct position and the required force in addition to the required position. One 

of the industrial applications is the Arm Rehabilitation Device and to make the work conform 

to its correct and identical shape and position, this requires a closed feeding system with 

feedback and an appropriate control system. Therefore, this requires building an appropriate 

model that simulates the real model and by taking all expected cases, a mathematical model is 

built it is represented by differential equations through which it is possible to obtain the transfer 

function that represents the required model. To improve the functioning of the system, two 

control methods were proposed through which the performance of the system can be improved. 

The results proved the possibility of improving the performance of the linear system using the 

traditional method, and also proved the possibility of improving the performance of the 

nonlinear system using the second method for the perfect applicant (Jayasekara, Ninura, et al., 

2024; Chotikunnan, Phichitphon,  et al., 2024; Abdullah, Fatin Nabeel, et al., 2022; Kabir, 

Ryan, et al., 2022). The use of robots in industrial applications is considered one of the most 

important modern applications, and as a result of the progress and development in control 

systems, it has entered the field of organizing the work of robots. Industrial systems and 

traditional, expert, and smart control units are linked in various applications, including the 

wheel movement system for electric cars, the movement of an electric train car, the movement 

of an electric elevator car, robots, printers, and others. Traditional controllers work to address 

the disturbances occurring in the linear system and improve its performance by reducing the 

error to the minimum possible extent and returning the unstable system during the transient 

state to a stable system with a relatively acceptable response (Wa’il, A. H., et al., 2013; 

Chavoshian, Mahdi, et al., 2020; Mutlag, Ashraf Abdualateef, et al., 2024; Chotikunnan, 

Phichitphon, et al., 2023; Josiah, Princewill N., et al., 2023). In nonlinear systems, the required 

response may not be obtained from using traditional units, so this requires the use of systems 

that are more adaptive and give a better response, which are expert control systems such as 

ANN and FLC. Expert and intelligent control systems are adopted to improve the performance 

of industrial systems, which work to control The parameters of the traditional controller are 

adapted to work according to changing operating conditions and operate with high efficiency, 

quality and accuracy. Computer simulation is used to know the behavior of the system with 

changing operating conditions after building the model through mathematical representation of 
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the system. The effectiveness of the system can be verified through simulation results, and a 

suitable model can be designed by comparing operating cases and selecting and determining 

the best model according to the proposed measurement criteria (Abdullah, Zainab B., et al., 

2023; Najm, Vian N., et al., 2023; Abood, Layla H., et al., 2021; Attiya, Adnan Jabbar, et al., 

2016; Mohamed, Mohamed Jasim, et al., 2023). 

2. RELATED WORK 

ANN has been used in a number of research to model the link between joint and muscle 

activation. Mohd Hafiz Jali et.al studied the clear prediction of the joint torque estimate model 

for the arm rehabilitation with the ANN technique. The biceps muscle acts as the agonist in this 

study, whereas the triceps muscle acts as the antagonist. The biceps and triceps are the muscles 

used in this movement; however only the biceps are considered accurately representing the link 

between elbow joint torque and EMG inputs. As a result, the arm rehabilitation devices' motor 

torque control can be achieved using this model. Still, despite in this study, the relationship 

between muscle function and electrical performance to achieve contraction and relaxation of 

the arm using muscles was taken into consideration. The range of motion is from an arm's 

flexion position to its full extension. The ANN model with two nodes at the input layer produces 

an average regression of 1.000 and an MSE of 1.7638e-11 at epoch 1000, according to the 

results. It is clear from the performance result that this neural network model is capable of the 

fact that the R Even though MSE yields nearly flawless results, there is always room for 

improvement in terms of stop epochs and training time elapsed. M. H. Jali et.al. in this work 

the Biceps Brachii muscles provide an EMG signal that is used to quantify the torque at the 

elbow joint with train a two-layer feed-forward network to estimate the torque value from the 

EMG input. The biceps muscle acts as the agonist in this study, whereas the triceps muscle acts 

as the antagonist. The biceps and triceps are the muscles used in this exercise; however only 

the biceps are considered in this study in order to better comprehend the range of motion is 

from the arm's flexion position to its ultimate extension. According to the experimental 

findings, the ANN model with two input nodes performs better in terms, two metrics that are 

critical for accurately representing the EMG-torque relationship in arm rehabilitation device 

control. Outcome, Model 2 performs better than ANN Model 1 in terms of MSE and R. Model 

2 has an extremely low MSE value and achieves excellent R results. But compared to Model 1, 

Model 2's stop epochs and time elapsed are worse (Jali, M. H., et al., 2014). Francisco Medina 

et al. suggested an interpolation technique were integrated into the simulation program used to 

test the device. Four volunteers who demonstrated the predicted performance in accordance 

with the suggested evaluation scenarios were used to successfully evaluate. This work detailed 
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the electrical instrumentation, mechanical design, and control of an AOD that, in the future, can 

help with the UL's rehabilitation through the use of a FES device that is activated by an ANN 

signal classifier. The user does not require any external mechanical support to carry this device. 

This feature provided a fresh approach to long-term arm rehabilitation (Medina, Francisco, et 

al., 2023). Yurong Li et al. they suggested a modeling approach based on neural networks and 

manage the FES system's execution for upper limb neuron rehabilitation. Genetic algorithms 

based on the experimental data. Lastly, the model's simulation results are shown to demonstrate 

the established model's efficacy. This paper achieves good results by controlling the FES 

system through iterative learning. Tests confirm that the system is capable of tracking control 

along the intended path (Zhu, Feifei, et al., 2022). Ikbal Eski and Ahmet Kırnap, investigated 

two sections in this work. First, individuals with upper limb loss of function were selected, and 

sensors were used to measure the angular displacement parameters at the wrist, elbow, and 

shoulder. In the second section, three control structures were chosen to follow the trajectories 

of the elbow, wrist, and shoulder angles. The findings of simulations and experiments indicate 

that the ANN-based PIDC structure is the most effective controller for tracking specified 

trajectories. In this article, the angle trajectories of the elbow, wrist, and shoulder joints are 

controlled using two different control approaches. PIDC and ANNPID control systems are 

examples of these controllers. Additionally, subdivisions are used to explain these controllers. 

This research presents the creation of a control structure based on data collected from nine 

patients with varying joint limitations and physical characteristics (age and gender). The 

autonomous passive upper limb therapy robot has a proposed controller. The majority of 

research on rehabilitation focuses on lower limbs and active rehabilitation equipment. The 

NNPID control system has the lowest steady-state error and is the best at adapting, based on 

simulation and experimental results. The neural network is incorporated into the PID control 

system and is selected due to its capacity for learning and generalization. The steady-state error 

has been significantly reduced by this newly designed control system. Therefore, the upper limb 

passive therapeutic exercise equipment will be controlled by these control structures. In the 

future, an upper limb rehabilitation robot prototype will be created using the suggested 

controller, and patient testing of the apparatus will follow ethical clearance. Other investigations 

on this topic indicate that the autonomous passive therapeutic exercise gadget with proposed 

controller has various advantages (Eski, İkbal, et al., 2018). 

3. ARM REHABILITATION 

For stroke patients, robotic systems offer safe, intense, and task-oriented rehabilitation at 

comparatively modest prices. Robot-based therapies have distinct advantages over traditional 
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therapies, including precisely controlled force-feedback and an objective, quantifiable measure 

of subjective performance. Robotic device therapy can also monitor a number of other 

characteristics, such as reflexes, level of voluntary control, spasticity, and functional 

movements. The increased accuracy and decreased variation of robot-assisted training 

evaluation translate into a reduction in the size requirements for the targeted subjects, which is 

another benefit (Arantes, Ana., 2021). One potential solution to the rehabilitation challenges is 

a robot-based device. When it comes to repeated activities, robots are more reliable and 

consistent than humans. Various kinds of devices for the rehabilitation of upper limbs have 

been developed. Generally speaking, there are two types of devices: those that only have touch 

with the patient's leg at the furthest point. While the device's structure is thought to be simple 

controlling. The robot minimizes aberrant posture or movement by directly controlling each 

individual joint. However, compared to an end-effecter-based device, the construction is 

thought to be more intricate and costly (Su, Yun-Hsuan., 2020). 

4. SYSTEM MODEL DESCRIPTION 

In this study, the researchers aim to conduct a simulation of a humanoid system in the field of 

medical application. Through simulation, the behavior of the system can be identified in 

operational conditions similar to real time. In the current simulation, work is being done to 

present a mathematical model of the proposed system, and the construction and design of a two 

degrees of freedom (2-DOF) upper limb type system is presented. The simulation includes 

identifying the movement positions of the upper limbs at different angles with appropriate 

mechanical design and the movement of those limbs with the help of the electric motor. Work 

is also underway to verify the possibility of using the proposed system in the process of 

rehabilitating the upper limbs within a therapeutic program by conducting physical therapy 

exercises for patients. To build and design any model, there are standards and requirements 

according to its functions in the proposed system. It is also necessary to point out the system 

parameters and their imaginary importance in the process of creating a developed model, which 

include: 

The initial state of the upper limbs and the appropriate angle at that state for all joints before 

the start of movement is at zero angle for all joints, the shoulder joint and between the upper 

body, the ulna, and the elbow joint, which is between the ulna and the arm, in addition to the 

hand joint, which is between the arm and the hand. There are also other joints between the 

fingers of the hand, as many as those. The fingers enable the hand to bend or extend, as is the 

case with the rest of the joints. They work and help in the process of extending and bending the 

upper limbs in question. Work is underway to determine the appropriate movements required 
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for rehabilitation by determining the appropriate torque and angle required for the electric motor 

to perform the required movement. To provide the required movements, work requires 

developing an appropriate mechanical design. People's arms differ according to the size of the 

person, so lengths can be chosen that suit some people. This is one of the design parameters, 

which shows the length of the ulna and the length of the arm, which is the first design parameter. 

Work must be done to develop a plan that shows the locations of the movements for which it is 

proposed to conduct simulation tests by placing areas representing the joints of the limbs and 

the angles at which they move. The first step is when the limbs are close to the body, that is, at 

a zero degree angle. The force and angle at which the limbs move can be encoded according to 

the steps proposed for the subject of the current study. It must be represented mathematically 

by relationships linking the functions of the system's parts and the effects of the surrounding 

working conditions. The force in any movement of any joint and at any angle can be represented 

by the symbol F. The direction of movement is according to the axes. When it is in a direction 

within the x-axis, it is written as FX. While when moving towards the Y-axis, it is symbolized 

by FY. Movement from any point, the force can be moving from a point such as C towards the 

X-axis, then it is symbolized by CX. Whereas when the movement is towards the y-axis, it is 

symbolized as CY. Thus, the forces can be encoded according to the point and direction within 

the known and basic axes of the vectors. 

The parameters that affect the calculations of the mathematical system and the analysis of the 

system’s behavior can be written and include force, direction, and various movements. They 

also include weight, mass, Earth’s gravity, the material from which the limbs are made, 

aluminum serum, load, length, and thickness. To represent the system mathematically, an image 

of the system diagram must be created to identify its parts and their functions. Thus, the system 

parameters can be known and the relationship between them can be made to build the 

mathematical relationships of the system. Necessary requirements for building and designing 

the system include the system diagram, including the angles of joint movement and direction, 

and the motor that manages the force and appropriate movement.Where, gravity is (g), mass is 

(m), weight is (w), force is (F) include Fx in x direction and Fy in y direction. 

First state at free body diagram (FBD), the sum of the forces in the horizontal axis is equal to 

zero (+⟶) and the arrow represents the direction and the plus sign represents the sum. 

Therefore, the sum of the vertical forces is written with an arrow up and a plus sign (+↑), while 

the horizontal is written with an arrow to the right with a plus sign as in equations one and two: 

⟶  + ∑ 𝐹𝑥  =  0                                                                  (1) 
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From equation one, the force at point C in the direction of the x-axis can be equal to zero, as in 

equation two: 

Equ. (1) ⟹   Cx =  0                                                                (2) 

+↑  ∑ Fy =  0                                                                              (3) 

 Equ. (3) ⟹     Cy −  Wload −  Wll =  0                            (4) 

Wload (max) =  10 ⋅  g                                                           (5) 

Wll =  mll ⋅  g                                                                            (6) 

 

 

 

 

 

 

 

 

 

Fig. 1. the schematic diagram for Arm Rehabilitation Device  

(two degrees of freedom (2-DOF) upper limb type system) at 0° 

5. SYSTEM MODELS AND CONTROL ALGORITHMS 

Representing the system mathematically requires specifying the system parameters, their 

functions, and the relationship between them to provide the required movements according to 

a proposed work algorithm that suits their work in rehabilitating the upper limbs. One of the 

types of electric motors, such as a direct current motor, can be relied upon to provide the 

mechanical force necessary to move the upper limbs in the required direction and at the 

appropriate angle with the force. Which gives the proposed movements. Control systems can 

be relied upon to improve performance and to verify the effectiveness of the system, simulation 

tests are conducted for the prototype, with appropriate development being carried out to build 

and design an effective model. The motor can be represented as in the figure below, writing the 

mathematical equations for the electric motor for the electrical and mechanical parts, the 

Laplace transform , and then calculating transfer function: 

First point is A 

2nd  point is B 

3rd point is C 

4th  point is D 

Ax 

Ay 

Ma 
Wmb 

Wmp 

Wul 

Wkm 

Wll 

Wyuk 



Kufa Journal of Engineering, Vol. 16, No. 1, January 2025               89 

 
 

 

 

 

 

 

Fig.2 . modeling for DC motor 

Where; armature voltage is 𝑒𝑎(𝑡); armature current is 𝑖𝑎 (𝑡), armature inductor is 𝐿𝑎 , back 

EMF  is 𝑒𝑏 (𝑡), , the back EMF constant is 𝐾𝑏,angular velocity is 𝜔(𝑡), armature  resistor is 

𝑅𝑎, angular position is 𝜃(𝑡), viscous friction is 𝑏𝑚 and  torque is 𝜏. 

The mathematical equation for a closed loop can be written on the input side to represent 

electrical quantities and include Ohm's and Kirchhoff's laws for current, voltage, resistance, 

and coil, as in the following equation: 

EA(T) = IA(T) ∗ RA +
DIA

DT
∗ LA + EB(T)                        (6) 

The relationship between current, torque, speed, and voltage can also be written in the 

following two equations: 

ΤM =  IA ⋅  KT                                                                               

 IA = ΤM / KT                                                                          (7) 

EB =  KB ⋅  ΩM                                                                       (8) 

After substituting the two equations (7&8) into the equation (6)and performing the Laplace 

transform, the transformation function can be written in the following equation (AKDOĞAN, 

Erhan., 2019): 

θm

ea
=

Kt

JLas3 + (JRa + bLa)s2 + (bRa + KtKb)s
              (9) 

T. F =
0.1052s + 0.02344

s2 + 0.1124s + 0.002552
                                       (10) 

6. OPEN LOOP AND CLOSED LOOP WITH CONTROLLER 

Systems are classified into an open-loop system that does not contain feedback, and there is a 

closed-loop system that contains feedback, in addition to the possibility of improving 

performance by relying on traditional, expert, and smart control units. 

6.1. Artificial Neural Networks (ANN) 

Units, or artificial neurons, are components of artificial neural networks. The ANN is needed 

to uncover the dataset's hidden patterns. Typically, an ANN consists of input layers, hidden 

Ea(t) 

Ra La 

Eb(t) Ia(t) 
J 

𝜔(𝑡) 

𝜃(𝑡) 

𝜏 (𝑡) 

 

Bm 
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layers and output layers. After receiving data from the outside world, the input layer's neural 

network learns more and more about the data, which ultimately leads to the output layer's 

output (Dakheel, Hashmia S., et al., 2022; Karis, Mohd Safirin, et al., 2023). 

 

Fig.4. I/p Layer, Hidden Layer and O/P Layer of neural network. 

ANN is based on the idea of neurons in terms of function and structure (human neurons) and is 

also called neural networks. Its layers can be known from the input side. The first layer of the 

network is the input layer and is linked to external sources, and from the second side it is linked 

to the second layer, which works to transfer data and is called the hidden layer. It consists of a 

group of cells. The neuron performs the function of processing information for the layer. It then 

works to calculate the weighted total and then transmits it to the neurons in the layer below. 

Because these connections are weighted, the effects of inputs from the previous layer are 

essentially maximized by giving each input a unique weight, which is then adjusted during 

training to improve model performance (Jali, M. H., et al., 2015; Jaber, Manal Hadi, et al., 2023; 

Jassim, Arkan A., et al., 2023). 

Neural network, expert systems are considered important systems in many fields, including 

humanoid applications, i.e. robots, including industrial and medical applications, etc. In medical 

applications such as upper limb rehabilitation, expert systems such as neural networks are 

designed to learn in building systems that change with time, i.e. non-linear systems. Such as 

changing the movements of the upper limbs in terms of weight, i.e. load and torque, with 

changes in direction, axis, and angles, and how to control them to achieve the desired 

movement. Therefore, they are trained to treat patients in the limb rehabilitation process by 

following the appropriate paths required in the proposed experiments, based on the estimation 

process of the expert systems. So that the systems are The expert is represented by the neural 

networks MLP (A multilayer perceptron in a neural network) and its effectiveness is through 

controlling the sensory cells responsible for the movements of the upper limbs. 

xi 

1X 

nY 

2X 

iX 

1Y 

2Y 

nY 
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6.2. PID controller 

The capacity to provide precise and ideal control has 3 terms P, I, and D influence on the sets 

of PID controller. The ideas behind the generation and application of these phrases are depicted 

in the block diagram on the right. It displays a PID controller, which uses proportional, integral, 

and derivative terms to provide a correction after continually, PID controllers are among the 

widely utilized control applications due to its implicit nature and high potency. In the world of 

engineering, PID controllers have been around for a while, and its three controller gain 

parameters are typically fixed. However, the PID controller's horrible handling of parameter 

fluctuations and outside disturbances contributes to system uncertainty (Shuraiji, Ahlam Luaibi, 

et al., 2022; Gazdar, Achraf, et al., 2020; Ding, Shihong, et al., 2019; Shneen, Salam Waley, et 

al., 2023). 

Fig.5. Closed loop with PID Controller and plant system. 

7. SIMULATION MODEL AND SIMULATION RESULTS OF ARM 

EHABILITATION DEVICE 

Rehabilitation algorithm: Building and managing the system depends on algorithms that operate 

according to a strategy that can control the system by controlling variables that represent the 

system’s parameters, including force, location, and direction according to the required angle of 

movement. Rehabilitation algorithm: Building and managing the system relies on algorithms 

that operate according to a strategy that can control the system by controlling variables that 

represent the system’s parameters, including force, location, and direction according to the 

required angle of movement. When it is wanted to create a rehabilitation model, the focus is on 

several things, the most important of which is that it be safe and stable because it deals with 

people, that is, with sick people, through precision and control of the environment in which the 

work takes place for the purpose of verifying the effectiveness of the proposed rehabilitation 

system according to the results of simulating the appropriate model by working on developing 

and designing a system that achieves the appropriate movements for all cases. 

The simulation model of Arm Rehabilitation Device is implemented by using MATLAB / 

SIMULINK. In this section, there are five simulation models for Arm Rehabilitation Device by 

open loop, close loop, close loop with PIDC, closed loop with ANN and close loop with 

comparative between PIDC and ANN: 

Proportional 

 
Integral  

 Derivative 

∑ ∑ Plant  
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7.1. Open Loop of Arm Rehabilitation Device 

In this section, the simulation model of Open Loop of Arm Rehabilitation Device that shows in 

Figure 6. The figure shows an open-loop system with no feedback, that is, without monitoring 

the output state. 

Fig.6.Simulation Model of Open Loop of Arm Rehabilitation Device. 

The simulation result of Open Loop of Arm Rehabilitation Device as shown in figure. 7, the 

shape appears the response of the system as a worst response compare with the system response 

at the other states. 

Fig.7.Simulation Result of Open Loop of Arm Rehabilitation Device. 

7.2. Close Loop of Arm Rehabilitation Device 

In this section, the simulation model of Close Loop of Arm Rehabilitation Device as show in 

Fig. 8.  

Fig.8. Simulation Model of Close Loop of Arm Rehabilitation Device. 

The simulation result of closed Loop of Arm Rehabilitation Device as shown in figure. 9. A 

closed loop system takes into consideration the current output of the system and use to keep the 

process on a desired set point,  Rise time (tr) = 10 , overshoot = 0.94,  steady state (tss)=40. 
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Fig.9.Simulation Result of Close Loop of Arm Rehabilitation Device. 

7.3. Close Loop of Arm Rehabilitation Device with PID Controller 

In this section, the simulation model of Close Loop of Arm Rehabilitation Device with PIDC 

as show in Fig. 10. The traditional controller can be distinguished by being capable of this type 

of improvement and raising the level of performance by understanding cases of variation in 

work behavior and operation to achieve better results. It is made up of three main components: 

a sensor, a controller, and an actuator. The PID controller in the control system is tuned using 

Auto-tuning method in Matlab. 

Fig.10.Simulation Model of Close Loop of Arm Rehabilitation Device with PID Controller. 

The simulation result of closed Loop of Arm Rehabilitation Device with PIDC as shown in 

figure. 11. Rise time (tr) = 0.2, overshoot = 1.23, undershoot value =0.95 and steady state 

error=5.2. 
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section   

Fig.11.Simulation Result of Close Loop of Arm Rehabilitation Device with PID Controller. 

7.4. Close Loop of Arm Rehabilitation Device with ANN 

In this, the simulation model of Close Loop of Arm Rehabilitation Device with ANN as show 

in Fig. 12. 

 

Fig.12.Simulation Model of Close Loop of Arm Rehabilitation Device with ANN 

The simulation result of closed Loop of Arm Rehabilitation Device with ANN as shown in 

Fig.13. Rise time (tr) = 0.1, overshoot=1.12 and steady state (tss)=5. 
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 Fig. 13. Simulation Result of Close Loop of Arm Rehabilitation Device with ANN. 

7.5. Close Loop of Arm Rehabilitation Device with comparative between PIDC and 

ANN 

In this section, the simulation model of Close Loop of Arm Rehabilitation Device with PIDC 

and ANN as show in Fig. 14. 

Fig.14.Simulation Model of Close Loop of Arm Rehabilitation Device with comparative between 

PIDC and ANN. 

The simulation result of closed Loop of Arm Rehabilitation Device with PIDC and ANN as 

shown in Fig. 15. The shape appears the best response of the system compare with the response 

of system with the methods used in the simulation; this could be close to optimal values for 

Arm Rehabilitation Device. Simulation Result of Close Loop of Arm Rehabilitation with 
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comparative between PIDC and ANN. Data of artificial neural network, the neural network 

training in this paper can be shown in Figure 16 to Figure 19. It is possible to represent and 

display how to train a neural network in the sections from Fig. 16 to Fig. 19, and titles can be 

placed that represent the performance status of the network stages(ANN training, best training 

performance, mean squared error, ANN-Gradient, Mu & Validation Checks and the ANN-

Target Training. 

Fig.15. Simulation of ANN-Target Training. 

 

Fig. 16.Simulation Result of Close Loop of Arm Rehabilitation with comparative  

between PIDC and ANN. 
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Fig.17.Simulation of ANN-Training 

Fig.18. Simulation of ANN-Best Training Performance. 
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Fig.19.Simulation of ANN-Gradient, Mu & Validation Checks 

8. CONCLUSIONS 

Using the MATLAB program, all the proposed tests were conducted that simulate the use of a 

device that helps in trying to restore movement to the arm, which is called rehabilitation. The 

target group is people affected by stroke in order to verify the effectiveness of the proposed 

model. These tests were also conducted with the aim of improving performance by developing 

the model according to a design process that suits its characteristics, taking into account the 

required operational behavior of the system. Five test cases were conducted that were proposed 

to know the behavior of the system for all conditions that can be predicted and suit the different 

situations in which the system can work. Case The first test case is for the system to be without 

feedback, i.e. an open system, and the second test case is with feedback, which is operating a 

closed loop system. The third case includes a closed loop system with a traditional, closed PIDC 

type controller. Fourthly, by adding the expert controller type ANN, and to choose the best one, 

a comparison was made between the traditional controller type PIDC and the expert controller 

type ANN. The possibility of knowing the behavior of the system for the proposed cases and 

knowing the difference between the behavior of the system for all those cases was verified. The 

possibility of improving the performance of the movement restoration device to rehabilitate the 

arm of an injured person has been verified with the appropriate rate of response speed and in a 
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time that achieves stability, i.e. a steady state, and rates that are approximately equivalent to the 

prescribed amount and reduce overshoot. It was also shown from the results that the 

performance of the system in the presence of an expert controller type of neural network. It is 

better than the traditional controller. 
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