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ABSTRACT 
 
There are several products electric wheelchair wherever issued, but their range is limited with physically challenged when they would reach or 

take higher position objects. Based on these problems, then at this paper discusses the control of electric wheelchair is able to support user into a 

standing posture. According to the wheelchair control particularity for requirements, this paper proposes an adaptive-PID control strategy in 

accordance with wheelchair speed deviation and changes in the rate of deviation which is applied to DC motor speed control system to achieve 

optimal speed and acceleration for the wheelchair. 

_______________________________________________________________________________________ 

 
INTRODUCTION 
 

The number of physically challenged sizeable course will be a 

problem, especially in terms of participation in the construction sector 

which became a human right regardless of socioeconomic status is 

concerned. Indonesian Ministry of Health in collaboration with WHO, 

which began in 1975 has found that as many as 3317 or not less than 

9.2 % has various limitations and physical disabilities, and increased 

to 12 % (Irwanto, 2009). Although it has been widely available aids 

such as wheelchairs, obtained either personally or given freely by the 

public or the government, does not reduce the limitations of people 

with disabilities in the activity. The problems increase participation 

rates in terms of everyday life in the community. 

A wheelchair cannot only bring people with disabilities from one 

place to another easily, but also can support their daily activity. For 

example, a wheelchair that can help them to reach something that 

require them to stand up in order to reach it. Based on these following 

problem, a wheelchair that has an ability to make its user can stand up 

is being made. However, this paper focused on the control system. 

The main objective of this paper is to make a control system that can 

make the user feel comfortable.  

The control system of electric wheelchairs is different from the 

general industrial DC motor control systems. The control system of 

electric wheelchair have many requirements so the wheelchair become 

comfortable and safe. the concrete requirements are the following 

(Tian et al., 2009): 

 

1. DC motor used in wheelchair is required to have a certain startup 

time and smooth process to remove the discomfort caused by 

inertia compared with the general DC motor. According to the 

results of psychological research, the start-up time should not be 

less than 5 seconds. 

2. The overshoot is not permitted in the electric wheelchair when 

reaching the high speed compared with the general DC motor 

control system. 

3. The process of adjusting speed should have certain time and is 

smooth enough without oscillation, which can supplies a 

comfortable feelings. 

4. The control system should have a strong ability of anti-load 

disturbance. 

5. The braking process time as same as the startup must be less than 

2-6 seconds. 

 

To obtain the desired motor response which fulfils the 

requirements, firstly the simulation should be done. In order to make a 

valid simulation, parameters of the electric standing wheelchair 

system needed to be included. First order model system was used to 

obtain the parameters. First order models are used in a large number 

of different applications, where the main dynamic is reasonably 

damped. First order models are also the basic for a number of 

controller methods. There exists a number of methods for estimation 

of the parameters in a first order system. One of the most used 

methods for estimation of parameters in first order systems is to apply 

a step response (Niemann, 2014).  

 

MATERIALS AND METHOD 
 

Method 
To provide user comfort and safety, the electric standing 

wheelchair should be installed a control system that can fill the 

requirement of electric wheelchair control system. Because of that, 

adaptive-PID control has been chosen to become the control system 

method. Its robustness through some loads and stability in desired 

speed are some of the advantages of this method (Takeshi, 2012). And 

to make sure that the system works as are desired,  so a standing 

wheelchair has been made. The wheelchair that has been made is 

shown in Fig. 1. 
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Fig. 1  the appearances of the electric standing wheelchair in (a) sit-
form and (b) standing-form 

 

The sit-form of the electric standing wheelchair can be seen in 

Fig. 1(a). And in the Fig. 1(b) is the appearance of the electric 

standing wheelchair while in standing-form. Electric standing 

wheelchair is using a total of three motors. There are two DC motors 

to drive the wheelchair to start, brake, stepless speed regulating, go 

forward, go backward, 360 ° turning with a certain radius or not 

controlled by these two motors. And one DC linear motor to make the 

wheelchair can be transformed Controller Dual Motor differential 

control algorithm, wheelchair controller system will limit the single-

phase plane coordinate Push Button through a series of coordinate 

transformation, and finally get to meet the maximum speed 

coordinates of the differential control, forward, backward, and 

turning. This coordinate is directly used to the dual-motors’ motion 

control, with a very good controllability.  

 

 
 

Fig. 2  The flowchart of this research 

 
 

Fig. 3  The PID Control System Diagram 
 

Fig. 2 is the flowchart of the research. The research method used 

in this research is experimental method. By applying the method on 

standing wheelchairs that have been made, it will increase the level of 

validity of this research. The system can also be applied to the actual 

electric standing wheelchair. In addition to the experimental method, 

the literature study was also conducted to find out about previous 

studies. In order to obtain the comfortness and the safety of the 

standing wheelchair, control system are needed to embed on it. Fig. 3 

shows the PID control used on the standing wheelchair. 

 

Modelling the standing wheelchair system 

(a) (b) 
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In order to obtain the best controller, simulations are needed. 

Simulations are done in software MATLAB™. In simulations, the 

model of the system that would be controlled is needed to be included 

in simulations. In modelling, first order model was used to estimating 

the parameter of the electric standing wheelchair. To get the 

parameters for simulations,  the electric standing wheelchair’s motor 

is given an step input voltage without feedback control. The motor 

speed data is taken using a rotary encoder sensor placed on the motor 

shaft. Eq. (1) shows the general equation of first order system G(s). 

 

     (1)  

C(s) = G(s)  × D(s)   (2) 

   (3) 

 

Where k is the gain and T is the time constant. k is obtained by 

dividing the constant speed of the motor with the step input. In Eq. 

(2), C(s) is an output of the system and D(s) is an input to the system. 

Eq. 3 shows time-domain equation of the output of the system.  

 

RESULTS AND DISCUSSION 

 
The electric standing wheelchair is using a total of three motors. 

There are two DC motors to drive the wheelchair to start, brake, 

stepless speed regulating, go forward, go backward, 360 ° turning 

with a certain radius or not controlled by these two motors. And one 

DC linear motor to make the wheelchair can be transformed 

Controller Dual Motor differential control algorithm, electric standing 

wheelchair controller system will limit the single-phase plane 

coordinate Push Button through a series of coordinate transformation, 

and finally get to meet the maximum speed coordinates of the 

differential control, forward, backward, and turning. This coordinate 

is directly used to the dual-motors’ motion control, with a very good 

controllability.  

To find out whether the wheelchair stand that has been made 

requires a control system or not, then experiments are performed. The 

experiment is done by measuring the speed of a DC motor. The 

measured DC motor is a DC motor used to drive the wheels. DC 

motor is measured with no-load. From the experiments performed on 

a DC motor, we get a graph of DC motor response with constant 

speed of different motor. Here in Fig. 3 is a graph of the results of the 

experiments that have been done. 

 

 
 

Fig. 3  Graph of motor speed response with steady-state speed varies 
according to given input voltage. 

 

The purpose of showing the steady-state speed of different motors 

is for comparison. From the above graph note that with different 

speeds, the motor still produces steady-state speed at almost the same 

time, which is between 0.4 seconds to 0.6 seconds. This indicates that 

the larger the speed, the greater the acceleration generated by the DC 

motor.The next experiment is measuring the speed response of the 

motor with human load on the standing wheelchair. This experiment 

is done to know the speed response of the motor when the standing 

wheelchair is being ridden by the user. This experiments is done with 

open-loop system, so the characteristics of the motor when being 

given certain human load are known. This experiment also determine 

the equations of the system so the motor of the standing wheelchair 

can be controlled. 

 
 
Fig. 4  Graph of motor speed response with human load varies and 12 
V input 

 

Fig. 4 shows that the greater the human load is, the slower the 

motor speed would be. So, the control system not only controlling the 

speed response of the motor but also the constant speed of the motor. 

To control the motor, simulations are needed to determine the best 

parameter of the controller. Table 1 shows the parameters obtained 

from Fig. 4. From the parameters in table 2, the graph model can be 

made.  

 

 

 

 

 
Table 2 Parameters for the first-order system 

Human Load (Kg) k T 
0 519.98 0.475 

43  460.56 1.005 

75   403.86 0.805 

93   374.75 2.460 

 

  

(a) (b) 

(c) (d) 
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Fig. 4  Graph of the motor speed response compared to the graph of 
the first order model system with (a) 0 Kg human load, (b) 43 Kg human 
load, (c) 75 Kg human load, (c) 93 Kg human load varies. 

 

From the parameters in table 2, the graph model can be made. Fig. 

5 shows the graph of the first order system compared to the graph of 

the speed of the motor data. 

 

CONCLUSION 

 

Adaptive-PID control will be implemented to the electric standing 

wheelchair to control the speed respond of the electric standing 

wheelchair. Controlling the speed respond of the electric standing 

wheelchair is used to prevent the electric standing wheelchair from 

falling. According to the experiment, the response of the DC motor 

from zero speed to steady-state speed is fast. Because of that, the 

control system is needed to slow down the respond of the DC motor.   
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