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Abstract: Wheelchairs have developed with several additional functions, namely the use of DC motors as actuators. This 

wheelchair is controlled with a joystick so that it is easier to operate. Then the wheelchair can map its orientation and movement 

position. Mapping using a rotary encoder sensor, then drawn in two dimensions on a laptop. Wheelchairs still require manual 

steering control during movement.  Therefore, the development carried out in this design is a wheelchair able to move 

automatically to a predetermined position and orientation, using the path tracking method. The calculation is based on the results 

of mapping the position and relative orientation. Calculations produce the distance and angle that a wheelchair must travel. 

Integral proportional control (PI) is used to keep the actual orientation angle's value close to the reference value. In the path 

tracking test, the wheelchair can approach the reference position in all tests. The most significant error is equal to 0.57 cm on the 

x-axis and 1.03 cm on the y-axis, namely in testing the reference position of (200.1105) cm from the position (0.1105) cm 

Keywords— wheelchair, path tracking, proportional-integral control 

 

1. INTRODUCTION (Heading 1) 

A wheelchair is a tool that is usually used by someone 

who has difficulty walking due to illness or accident. The 

use of a conventional wheelchair is quite tricky for some 

people because it requires others' help. If there is no one else 

to help, the wheelchair user must operate independently by 

turning it. 

Wheelchairs have developed with several additional 

functions, namely the use of DC motors as actuators. This 

wheelchair is controlled with a joystick so that it is easier to 

operate [1,2]. Then the wheelchair can map its orientation 

and movement position. Mapping using a rotary encoder 

sensor, then drawn in two dimensions on a laptop [2]. 

Wheelchairs still require manual steering control during 

movement. 

Therefore, the design's development is a wheelchair 

capable of moving automatically to a predetermined position 

and orientation. The calculation in this design is based on the 

relative position and orientation mapping, which will 

produce the distance and angle orientation that the 

wheelchair will travel. Hopefully, this ability to move 

automatically can help the user. 

2. DESIGN AND METHOD 

2.1 Hardware Design 

 The wheelchair has two wheels, which both of them are 

driven by a DC motor. It will use a differential motion 

system. Each wheel has a radius length of 29,2 cm, and the 

distance between each wheel is 60 cm. Its physical form is 

shown in figure 1. 

 The DC motor is chained to the wheel and a rotary 

encoder sensor. The gear comparison of DC motors, rotary 

encoder sensor, and the wheels with values of 10:10:48. 

Figure 2 shows the connection of those. 

 

(a) (b) 

 

 

(c) 

Figure 1. Mechanical design, (a) front view, (b) back view, 

(c) side view 
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Figure 2. Connection of DC motor, rotary encoder sensor, 

and the wheels 

 

2.2 Odometry System Design 

Odometry is the use of data from actuator movements to 

estimate position changes over time. Odometry is used to 

estimate position relative to the initial position. The output 

number of pulses from the rotary encoder sensor converted 

to a distance unit is used to estimate the relative position of 

the wheelchair [3-9]. 

The rotary encoder resolution value or pulse value in one full 

rotation, read by the microcontroller, is 1920 pulses. Thus, 

the wheel circumference and distance can be calculated by 

equations (1) and (2). 

𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 2 ∗ 𝜋 ∗ 𝑟          (1) 

  𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 183.6 𝑐𝑚  

𝑑𝑖𝑠𝑡𝑒𝑛𝑐𝑒 =  𝑃𝑢𝑙𝑠 ∗
𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝑟𝑜𝑡𝑎𝑟𝑦 𝑒𝑛𝑐𝑜𝑑𝑒𝑟 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
        (2)  

 

There are two separate drive wheels in the differential drive 

system, namely the left wheel and right wheel. If the 

distance traveled by each wheel is d_Left and d_Right, and 

the distance between two wheels is L, then the actual 

distance and orientation angle can be obtained. For the 

equation as follows: 

 

𝑑_𝐿𝑒𝑓𝑡 = 𝑃𝑢𝑙𝑠_𝐿𝑒𝑓𝑡 ∗
183.6

1920
     

𝑑_𝑅𝑖𝑔ℎ𝑡 =  𝑃𝑢𝑙𝑠_𝑅𝑖𝑔ℎ𝑡 ∗
183.6

1920
     

𝑑_𝐴𝑘𝑡𝑢𝑎𝑙 =
𝑑_𝐿𝑒𝑓𝑡 + 𝑑_𝑅𝑖𝑔ℎ𝑡

2
       (3) 

𝑎𝑛𝑔𝑙𝑒_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 =
−𝑑_𝐿𝑒𝑓𝑡 + 𝑑_𝑅𝑖𝑔ℎ𝑡

𝐿
      (4) 

𝑎𝑛𝑔𝑙𝑒_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 =
−𝑑_𝐿𝑒𝑓𝑡 + 𝑑_𝑅𝑖𝑔ℎ𝑡

60
    

 

Because 𝑎𝑛𝑔𝑙𝑒_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 is still in units of radians, to 

change it in units of degrees (heading), then use the 

following equation: 

ℎ𝑒𝑎𝑑𝑖𝑛𝑔 =  𝑎𝑛𝑔𝑙𝑒_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 ∗
180

𝜋
     (5) 

ℎ𝑒𝑎𝑑𝑖𝑛𝑔 =  𝑎𝑛𝑔𝑙𝑒_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 ∗
180

3,1416
  

 

After knowing d_Aktual and angle_orientation, it can be 

seen the position at Coordinate X (𝑃𝑜𝑠𝑋) and Coordinate Y 

(𝑃𝑜𝑠𝑦), using the following equation: 

𝑃𝑜𝑠𝑋 =  𝑠𝑎𝑣𝑒𝑥 + 𝑑_𝐴𝑘𝑡𝑢𝑎𝑙 ∗ cos( 𝑎𝑛𝑔𝑙𝑒_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛)        

(6) 

𝑃𝑜𝑠𝑌 = 𝑠𝑎𝑣𝑒_𝑦  +  𝑑_𝐴𝑘𝑡𝑢𝑎𝑙 ∗ sin (𝑎𝑛𝑔𝑙𝑒_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛) 

    (7) 

The actual distance value calculation will reset back to equal 

0 if completed in one movement cycle. The value of 

𝑃𝑜𝑠𝑋 and 𝑃𝑜𝑠𝑦  at the end of the movement will be the initial 

value on the next move saved to save_x and save_y. 

 

2.3 Path Tracking System Design 

Path tracking is the process of setting the distance and angle 

orientation so that the object, in this case, the wheelchair, 

can follow a specific path consisting of points (paths) to 

reach the specified destination [10-17]. Equations (8) and (9) 

are used to calculate the distance and orientation angle that a 

wheelchair must travel. 

𝐸𝑟𝑟𝑜𝑟𝑋 =  𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑋 −  𝑃𝑜𝑠𝑋    (8) 

𝐸𝑟𝑟𝑜𝑟𝑌 =  𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑌 −  𝑃𝑜𝑠𝑌   (9) 

 

𝑃𝑜𝑠𝑋 is the actual position of the x-axis, and 𝑃𝑜𝑠𝑌 is the 

actual position of the y-axis. While 𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑋 dan 

𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑌 are the position to be directed towards the x-

axis and y- axis. 

After the position error on each axis is known, calculating 

the distance and orientation angle must be taken to reach the 

goal with equations (10) and (12). 

 

𝑑_𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 =  √𝐸𝑟𝑟𝑜𝑟𝑋
2 +  𝐸𝑟𝑟𝑜𝑟𝑌

2               (10) 

𝑎𝑛𝑔𝑙𝑒_𝑒𝑟𝑟𝑜𝑟 = 𝑎𝑡𝑎𝑛
𝐸𝑟𝑟𝑜𝑟𝑌

𝐸𝑟𝑟𝑜𝑟𝑋
               (11) 

𝑎𝑛𝑔𝑙𝑒𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 =  𝑎𝑛𝑔𝑙𝑒_𝑒𝑟𝑟𝑜𝑟 −  𝑎𝑛𝑔𝑙𝑒_𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 
(12) 

 

𝑑_𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 and 𝑎𝑛𝑔𝑙𝑒_𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛 are the distance and 

angle of orientation that must be traveled to reach the goal. 

An area map in the Cartesian coordinates used in this study 

can be seen in Figure 3. 
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Figure 3. The area plan 

 

2.4 Design of Integral Proportional Control Systems 

 

PI control is used to maintain the angle orientation value 

so that the wheelchair will move according to the angle 

orientation that has been set. The design of PI control uses 

the Ziegler Nichols II tuning method. The first step is to 

create a closed-loop system that then only utilizes 

proportional controls. The second step is to increase the 

proportional value so that the system response will oscillate 

continuously [18-25]. 

At a reinforcement value of 0.375, the system undergoes 

continuous oscillation. System response can be seen in 

Figure 4. 

 

 
 

Figure 4. System response from integral proportional control 

 

The system response in the picture has a period for one 

wave of 1.062 s. Based on the Ziegler Nichols II method, the 

calculations for the PI control parameters are as follows: 

 

The known value of Kcr = 0.375 and Pcr = 1.062 s. 

- Proportional Control Constant Value (Kp) 

𝐾𝑝 = 0,45 ∗ 𝐾𝑐𝑟  

𝐾𝑝 = 0,45 ∗ 0,375  

𝐾𝑝 = 0,16875 ≈ 0,17   

 

- Integral Control Constant Value (Ki) 

𝜏𝑖 =  
1

1,2
 𝑃𝑐𝑟  

𝜏𝑖 =  
1

1,2
 1,062  

𝜏𝑖 = 0,885  

𝐾𝑖 =  
𝐾𝑝

𝜏𝑖
  

𝐾𝑖 =  
0,16875

0,885
  

𝐾𝑖 = 0,190677966  ≈ 0,19  

 

3. RESULT AND ANALYSIS 

The test will begin by putting the wheelchair at a 

predetermined position, namely at zero point. Then the user 

will set the destination position value as its input. 

3.1 Moving Test From Zero Point to the Living Room 

  Based on figure 3, the area plan, the living room is at 

coordinates (30,0) cm. Figure 5 shows the result of the 

sensor readings on the wheelchair's final position. 

Based on sensor readings on the wheelchair final 

position, there is a slight error between position reference 

with the actual position. The position reference is (30,0) cm, 

and the actual position is (30.35,0.7) cm. So the error value 

at the x-axis is 0.35 cm, and the error value at the y-axis is 

0.7 cm. The error occurs due to the oscillation of movement 

in the wheelchair, which is another effect of using the PI 

control to maintain the angle orientation value and 

continuous motion due to the dc motor's nature, which does 

not lock the final position. 

 

Figure 5. The value of the final position on moving test to the 

living room 

 

3.2  Moving Test from Zero Point to the Dining Room 

The dining room is located at coordinates (-30,545) cm. 

The path that a wheelchair must take is divided into two 

destination positions, the first destination is at coordinates 

(0.545) cm, and the second destination is at coordinates (-

30,545) cm. 

0
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Figure 6 shows the sensor readings' result on the 

wheelchair's final position in the first destination. 

 
Figure 6. The value of the final position on the first 

destination of moving test to the dining room 

 

The wheelchair carries out two motions, namely rotary 

and straight motions. In a rotary motion, the final position of 

the wheelchair is at coordinates (0.2,-13.05) cm, then in a 

straight motion, the final position at coordinates (-

1.94,544.96) cm. The final position of the wheelchair is 

close to the reference position is (0,545) cm, so that the error 

value at the x-axis is 1.94 cm, and the error value at the y-

axis 0.04 cm. This is due to the oscillation of motion, which 

is another effect of PI control to maintain the orientation 

angle value of 89.97
0
. The distance tolerance for the program 

is ± 1 cm. The final position value of the wheelchair in the 

second movement can be seen in figure 7. 

 
Figure 7. The value of the final position on the second 

destination of moving test to the dining room 

 

The wheelchair can now approach the reference point 

of (-30,545) cm by doing two movements, namely turning 

and straight motion.  The turning motion makes the 

wheelchair's final position at coordinates (-2.71,544.96) cm, 

making that as the straight motion's initial position. The final 

position of the straight motion is at coordinates (-

30.52,545.18) cm. From that data, we can get the error value 

at the x-axis is 0.52 cm and at the y-axis is 0.18 cm. This is 

due to the oscillation of motion, which is another effect of PI 

control to maintain the orientation angle value of 179.710, 

and continued motion due to the dc motor's nature, which 

does not lock the final position. 

 

3.3 Moving Test from Zero Point to the Bedroom 

Based on the area plan, the bedroom is at coordinates 

(30,770) cm. The path that a wheelchair must take is divided 

into two destination positions, the first destination is at 

coordinates (0,770) cm, and the second destination is at 

coordinates (30,770) cm. 

 

 
Figure 8. The value of the final position on the first 

destination of moving test to the bedroom 

 

Figure 8 shows the sensor readings' result on the 

wheelchair's final position in the first destination. 

The wheelchair makes two moves, namely turning and 

straight motion, to reach the first destination. The turning 

motion's final position is at coordinates (0.03, -6.60) cm, and 

the final position of the straight movement is at coordinates 

(3.24,770.20) cm. Because the position reference is at 

coordinates (0,770) cm, it can be seen that the error value at 

the x-axis is 3.24 cm and at the y-axis is 0.2 cm. This is due 

to the oscillation of motion, which is another effect of  PI 

control to maintain the orientation angle value of 89.99
0
. The 

distance tolerance for the program is ± 1 cm. 

 

Figure 9. The value of the final position on the second 

destination of moving test to the bedroom 
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From the coordinates (3.24,770.20) cm, the wheelchair 

makes a turning motion and has a final position at 

coordinates (-12.73,770.49) cm which then the wheelchair 

makes a straight motion and has a final position at 

coordinates (29.81,770.13) cm. Based on the coordinates' 

final position reference (30,770) cm, the error value at the x-

axis is 0.19 cm, and the error value at the y-axis is 0.13 cm. 

This is due to the oscillation of motion, which is another 

effect of  PI control to maintain the orientation angle value 

of 359.570. Continuous motion is due to the dc motor's 

nature, which does not lock the final position. 

3.4 Moving Test From Zero Point to the Toilet 

The toilet is at coordinates (200,1135) cm. The path that 

a wheelchair must take is divided into three destination 

positions. The first destination is at coordinates (0,1105) cm. 

The second destination is at coordinates (200,1105) cm, and 

the third destination is at coordinates (200,1135) cm. 

Figure 10 shows the sensor readings' result on the 

wheelchair's final position in the first destination. 

 

 

 

Figure 10. The value of the final position on the first 

destination of moving test to the toilet 

 

Based on the results of sensor readings, the wheelchair 

can now approach the reference position at coordinates 

(0,1105) cm by making a rotary and straight motion. The 

final position after the wheelchair takes the turning motion is 

at coordinates (0.04,-7.51) cm, and continued by the straight 

motion with the final position of the wheelchair is at 

coordinates (-0.68,1104.28) cm. Based on the reference and 

the final position after taking the straight motion, the error 

value at the x-axis is 0.68 cm and at the y-axis is 0.72 cm. 

This is due to the oscillation of motion, which is another 

effect of PI control to maintain the orientation angle value of 

89.99
0
. The distance tolerance for the program is ± 1 cm. 

 
Figure 11. The value of the final position on the second 

destination of moving test to toilet 

 

The wheelchair can now approach its final position 

reference at (200,1135) cm, which is done by making two 

motions: rotary and straight motion. The turning motion's 

final position is at coordinates (201.19,1097.34) cm, while 

the straight motion's final position, which was done after 

making the turning motion, is at coordinates 

(199.43,1136.03) cm. So based on that, it can be seen that 

the error value at the x-axis is 0.57 cm and at the y-axis is 

1.03 cm. This is due to the oscillation of motion, which is 

another effect of PI control to maintain the orientation angle 

value of 91.80. Continuous motion is due to the dc motor's 

nature, which does not lock the final position. 

 

 

Figure 12. The value of the final position on the third 

destination of moving test to the toilet 

 

4 CONCLUSION 

Moving west from the zero point to the bedroom with a 

reference position of (30,770) cm, resulting in the actual 

position closest to the reference position, the error value at 

the x-axis is 0.19 cm, and the error value at the y-axis is 0.13 

cm. The moving test from the zero point to the toilet with the 

reference position (200,1135) cm produces the actual 

position that is mostly away from the reference position. The 
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error value at the x-axis is 0.57 cm and at the y-axis is 1.03 

cm. The error value is not affected by the magnitude of the 

reference position value. The error occurs because of the 

oscillation of movement, which is another effect of using the 

PI control to maintain the actual orientation angle's value to 

the reference orientation angle. Also, the program's distance 

tolerance is ± 1 cm, but the error in all tests' final destination 

is due to the dc motor's nature, which does not lock the final 

position. 
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