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There have been many developments of wheelchairs as mobility aids,
including electric wheelchairs. Wheelchairs sometimes still require manual
steering. Therefore, in this research, a smart wheelchair is developed that can
move automatically to the destination position from a predetermined position
with a trajectory tracking system. The system deploys the odometry method,
orientation angle using the output of the IMU-9DOF sensor with Kalman
filter, and collision avoidance to avoid collisions with obstacles in front of it.
The use of the Kalman filter improves the angle output that is close to the
reference. In the trajectory tracking test, the wheelchair can approach the
given reference position with a maximum error of 20 cm for the x-axis and 2
cm for the y-axis. The wheelchair collision avoidance test has been able
to avoid collisions, as it successfully detects an obstacle less than 40 cm and

avoids the collision correspondingly.
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1. INTRODUCTION

It is estimated that about 15% of the population in the world lives with disabilities, according to World
Report on Disability [1][2]. Disabilities can be found due to physical disability, injury, or caused diseases on
motoric muscles or nerves [3]. In turn, disabilities may limit mobility for many people to do their activities or
to move freely.

For people who have a certain degree of mobility limitations, a wheelchair is of great help. Manual
wheelchairs require the use of the patient’s hands or assistance from others for the movement. For people
who have limited hand movement or patients with partial tetraplegia, sclerosis, parkinsonism, and stroke
due to paralysis of some limbs, which are still unable to operate them themselves, they must be assisted by
others. Several researchers have tried to develop a better version of the wheelchair. Some wheelchairs have
been developed with voice commands as motion commands [4][5] or by the use of head movement to direct
the wheelchair’s motion [6]-[9]. Another innovation proposed the use of eye blink as a command source,
thus making it easier for users or patients to move without using their hands [10][11] or by using
electrooculography (EOG) [12]-[15]. Another approach is by using brainwaves as a source of command [15]-
[18]. These improvements make the users move with minimum assistance and be more independent. Others
developed intelligent wheelchairs designed to avoid obstacles in front of them [19][20]. The collision
avoidance feature helps the user to prevent crashing into a wall or hitting other objects automatically. This
is a great improvement, as the users lack the response time to make an abrupt change in controlling the
wheelchair.

However, some approaches may limit the usage in the long term, manifested in mental breakdown due to
the long, intense brain concentration or as the frequent use of eye blinks for command leads to fatigue in the
eye muscles and may result in motion errors [18]. Similar cases can also be affected by intervention or noise,
as is the case of the wheelchair with voice commands in a very noisy environment. On the other hand, for
domestic or hospital use, the path of movement for a disabled person with a wheelchair is usually predictable

Journal homepage: http://journal.uad.ac.id/index.php/JITEKI Email: jiteki@ee.uad.ac.id


http://dx.doi.org/10.26555/jiteki.v8i3.24550
http://journal.uad.ac.id/index.php/JITEKI
file:///C:/Users/LENOVO/Downloads/jiteki@ee.uad.ac.id
https://creativecommons.org/licenses/by-sa/4.0/deed.id
https://creativecommons.org/licenses/by-sa/4.0/deed.id
mailto:munawar@elektro.undip.ac.id

ISSN 2338-3070 Jurnal Ilmiah Teknik Elektro Komputer dan Informatika (JITEKI) 355
Vol. 8, No. 3, September 2022, pp. 354-366

[21]-[25]. For instance, he/she usually needs to trip from one room to other parts of the building several times
daily. This routine can be taken as a predetermined path that can be put into the wheelchair’s smart system.
With a simpler command, the routine can be handled easier and involve less effort in the command. Sahin et
al. [21] proposed a path-tracking wheelchair. Unfortunately, it is only for the wall following, not for
predetermined targets.

Therefore, in this paper, we present a novel approach to making it easier for wheelchair users to move
through a track that is routinely passed by users. A wheelchair is developed using the trajectory tracking system
that can move automatically from one position to another with a predetermined orientation angle by measuring
the distance and angle that the wheelchair must travel. In addition, another improvement is also presented in
the form of a collision-avoidance feature to enhance the safety of the user.

2. METHOD
2.1. Mechanical Hardware Design

As the base of the wheelchair, we use a manual wheelchair that meets the SNI standard (Indonesian
National Standard) and then equip it with additional motors and controllers. Each left and right wheel is coupled
with a DC motor using chain-connected gear. The gear ratio between the DC motor and wheel is 1:2.5. The
PG 45 DC motor is coupled to a large gear on the wheel shaft with a small gear on the DC motor shaft using a
chain to reduce the load on the DC motor when in use. The hardware design is shown in Fig. 1. Additional
details of the wheelchair design can be found in this reference [26].

Sensor | SV supply T 24V supply
Encoder [*t
| : t H Driver |l Motor DC
Arduino Bintoek [X PG 45
Mega 2560 | L Driver | MotorDC
: J = Motor2 || PG 45
Sensor :
Encoder |_)_ I Arduino Sensor
Nano |-"IU
PING sensor [~ —PING sensor |
(a) (b)

Fig. 1. (a) Block diagram of Hardware design, (b) wheel driver mechanism

2.2. Odometry

Odometry is a data processing method that comes from the actuator movement to get an estimate of
changes in position from time to time. To get odometry data, an encoder sensor is needed. The position relative
to the initial position can be estimated using Odometry [27]-[30]. Each number of pulses issued by the rotary
encoder sensor will be converted into a distance unit, which then obtains information on the relative position
of the wheelchair.

The number of pulses per unit rotation of the wheel is calculated using the following equations:

Kyheer = 2mR (1
R

Pulse = —< 2)
wheel

Where is Kyypee; the circumference of the wheel, R is the radius of the wheel, and R, is the resolution of the
encoder (number of pulses in full revolutions).

In the differential drive system, there are two separate actuators, each connected to a wheel, namely the
left and right wheels. The distance traveled by each wheel is the left and right distance (D, and Dg,
respectively), and the pulse detected by odometry for the left and right wheel is Pulse;, and Pulseg,
respectively. The distance between the two wheels is L, then by knowing the actual pulse per centimeter of
each wheel (Pulsecy,), the actual distance (D) and the orientation angle (OA,,q) are determined as follows:

_ Pulse, 3)
L™ pulsecy
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_ Pulseg 4
R™ Pulsecy @)
D, +D
Dger = % ®)
-D, + D
Oraa = % (6)

The orientation angle is still in radian units, which can be changed to degrees (64.4), later introduced as the
heading:
180
edeg = Terad (7)

After knowing the actual distance and orientation angle, the position at coordinate X (Pos, ) and coordinate Y
(Pos,) can be determined as [29]

Pos, = Vs cos 8y, (8)
Posy, = V;sin @44 9)
encoder
w=2nf =21 ——— (10)
Renc
R

Where w is the angular speed, f is the rotation frequency, R is the radius of the wheel, wp is the right angular
speed (rad/s), w; is the left angular speed (rad/s), and V; is wheelchair speed. The calculation of the actual
distance value will be reset back to 0 when it is finished in one cycle of movement.

2.3. Trajectory Tracking

Trajectory tracking is provided so that the wheelchair can move to another position automatically by
providing a trajectory in the form of a Cartesian plan that the wheelchair must follow [22], [31]. The wheelchair
moves by following the trajectory by providing a value for the destination position from the odometry
calculation. Equations (8) and Equations (9) are used to determine the position of the wheelchair on the
Cartesian axis in cm. The shape of the area used in the Cartesian coordinate system can be seen in Fig. 2 for a
sample of domestic movement between the bedroom, toilet (WC), dining room, and living room. The trajectory
may vary for different house layouts, but in principle, the common track is represented here, with the option of
a right-and-left turn.
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Fig. 2. Coordinate plan of domestic trajectory
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2.4. IMU Angle 9 DOF

The wheelchair orientation angle is obtained from the IMU 9 DOF sensor by combining data from three
sensors, namely the accelerometer, gyroscope, and magnetometer, using the sensor fusion method. The
equation used to obtain IMU 9 DOF sensor data is as follows [32].
Accelerometer equation is

a;

Roll:tan8 = — (12)
ay
Pitch:tan ¢ &
itch:tan p = ———
NCET 03
Gyroscope equation is
Roll: 6 = wy At (14)
Pitch: ¢ = wg At (15)
Yaw: Y = w,, At (16)
Magnetometer is
m
Yaw: ¢ = tan 1 =2
aw:y an - (17)

X

Where ay, a,, and a, are the data of the x-, y- and z-axis of the accelerometer, respectively, while wg , wg and
w,, are the angular velocity of the gyroscope roll, pitch, and yaw. In addition, m,, m, and m, represent the
data of the x-axis, y-axis, and z-axis of the magnetometer.

The next step is to combine data from the accelerometer and magnetometer to get the heading in yaw (%)
angle value, with the following equation [32] as

M, =m, cos¢p + m,sin¢ (18)

M, = m, sin @ sin ¢ + m,, cos § —m, sin 6 cos ¢ (19)
M
=t -1_%

Y = tan m, (20)

2.5. Kalman Filter

Kalman filter is used to reduce the noise emitted by the sensor before the sensor output is sent as input to
a control system [33][34]. Noisy data may make the system have the wrong response. The Kalman filter does
not need data to be stored, and the data is reprocessed for every measurement. Kalman filter is divided into two
main parts, namely time update and measurement update. Time update is also called the prediction process,
namely by getting the current state estimate from the previous time estimation state. Meanwhile, the
measurement update is also known as the correction process, which is getting an accurate estimation state by
using the current measurement information to improve predictions [35]. The equations contained in the
prediction and correction process are as follows [36].
Time Update equations are

Estimation: )?k|k 1= A£k|k -1 + BUk—l (21)

Error covariant: Py, _; = APRy —1AT + Qy (22)
Measurement Update equations are

K Gain: ky = Py —1H" + BUy_4 (23)

Estimation: £k|k = £k|k -1 + Kk(Zk - Hﬁklk _1) (24)
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Error covariant: Py, = (I — KicH) Py -1 (25)

Where A is the state transition matrix, B is the input control matrix, Q is the covariance of the noise
process, H is the observation matrix, R is the noise covariance, P is the covariance estimation matrix, K is the
Kalman gain, and [ is the identity matrix. Kalman filter is implemented for the noise filtering process of the
IMU (Inertial Measurement Unit) sensor output data before the data is processed by the microcontroller.

2.6. Collison avoidance

Collision Avoidance is used so that wheelchairs can avoid accidents from collisions with objects in front
of them, either wall, door, person, or obstacles. This system works by changing the speed of the wheelchair
based on the distance between the wheelchair and the object in front of it [19][37].

In this collision avoidance system, there is only one decision. Namely, the wheelchair will stop if one of
the ultrasonic sensors detects a distance less than a given threshold with an object or something in front of it.
In the collision avoidance system, this study uses two ultrasonic PING sensors (on each front side, right, and
left) to obtain distance value information. The PING ultrasonic sensors emit ultrasonic waves with a frequency
of 40 kHz into the air for 200pus, where the ultrasonic waves will propagate in the air at a speed of 344.42 m/s
or takes 29.034ps for each cm [38][39].

To determine the distance, the PING sensor transmits and receives the ultrasound signal. By measuring
half the time to travel of pulse width (forth and back), the distance can be calculated using the following
equation [38]:

1 pulsewidth

i = 26
distance 59034 (26)

3.  RESULTS AND DISCUSSION
3.1. Encoder Turnover Pulse Test

The PG45 DC motor has an encoder reading value in one rotation from the factory or also called a tick, of
537.6. By using two gears coupled to a chain, the wheelchair has a reduction of 2.5. Thus, the wheel has
an encoder or tick reading. The value of 537.6 times 2.5 is 1344. Using the factory default tick still has an
error. The following is the rotation wheel pulse test data in Table 1.

The test is carried out by comparing several wheels tick values with the mileage set to 100 cm, then
compared with the actual measured distance using a ruler. From Table 1, it can be seen that the encoder reading
value in one wheel rotation from the factory default 1344 calculation has an error of 6.5 cm, and the closest to
the reference value of 100 cm is pulse 1250, with the smallest error of 0.3 cm.

Table 1. Encoder Rotation Pulse Data

No Encoder Read Distance Measured Distance Error
Value (tick) (Centimeter) (Centimeter) (Centimeter)
1 1344 100 106.5 6.5
2 1300 100 105.3 5.3
3 1290 100 104.9 4.9
4 1275 100 102.3 2.3
5 1250 100 100.3 0.3

3.2. PING sensor testing

PING ultrasonic sensor testing is done by detecting the distance of a solid object which is likened to an
obstacle in front of a wheelchair. The results of the distance measurement read by the sensor and measured
by the meter can be seen in Table 2 and Table 3. In Table 2, the right distance sensor test has the largest
error of 0.9% at 40 cm distance measurement, while the smallest is 0.03% at 60 cm measurement with an
overall average error of 0.44%, so it does not have much effect on the system. In Table 3, the test of the left
proximity sensor has the largest error of 0.9% at a distance measurement of 20 cm, while the smallest is
0.08% at a distance measurement of 80 cm with an overall average error of 0.49%. The average error of the
proximity sensor is not too large, so it doesn't have much effect on the system.

3.3. Kalman Filter Test and IMU Orientation Angle

The Kalman filter test is carried out by comparing the value of reading coarse data from the sensor, data
after being filtered by complement, and data after being filtered with a Kalman filter, with angle values of 0°,
45°, and 90°. The filter results can be seen in Fig. 3 — Fig. 5.
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Table 2. Right PING Sensor Test Data

No Read Distance Measured Distance Error Error
(Centimeter) (Centimeter) (Centimeter) (%)
1 20.1 20 0.1 0.49
2 40.4 40 0.4 0.9
3 60.02 60 0.02 0.03
4 80.45 80 0.45 0.5
5 100.3 100 0.3 0.29
Average 0.254 0.44
Table 3. Left PING Sensor Test Data
No Read Distance Measured Distance Error Error
(Centimeter) (Centimeter) (Centimeter) (%)
1 20.2 20 0.2 0.9
2 40.31 40 0.31 0.7
3 60.34 60 0.34 0.5
4 80.07 80 0.07 0.08
5 100.3 100 0.38 0.3
Average 0.26
1.5
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Fig. 3. Kalman Filter Comparison Results for 0°angle (blue line: yaw raw data, red: complement, green: after

Kalman filter)
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Fig. 4. Kalman Filter Comparison Results for 45°angle (blue line: raw yaw data, red: complement, green:

after Kalman filter)
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Fig. 5. Kalman Filter Comparison Results for 90°angle (blue line: yaw raw data, red: complement, green:
after Kalman filter)

From Fig. 3 - Fig. 5, it can be seen that the angle value that has been filtered with the Kalman filter
has improved so that it does not oscillate too much when compared to the coarse data. Meanwhile, the angle
data filtered by the complement filter has a data value that is not too oscillating but has a slightly different
value from the coarse sensor output data. The results of measuring the angle of the wheelchair orientation
using the IMU 9 DOF sensor, which is read with and measured by an arc, are shown in Table 4.

Table 4. Arc Measured Angle Value Data and Sensor Read
No Arc (degrees) Sensor (degrees) Error (degrees) Error (%)

1 45 45.48 0.48 1.05
2 90 90.85 0.85 0.93
3 135 135.27 0.27 0.19
4 180 180.26 0.26 0.14

Average 0.465 0.57

Table 4 shows that the angle measured by the arc and read by the sensor has an average error equal to
0.465 or 0.57%. The biggest error occurred in the measurement of the angle equal to 90°, with the value read
by the sensor equal to 90.85°. This is because, at the time of testing, the IMU sensor experienced a shift, which
should be at the exact point it should be.

3.4. Zero Point Trajectory Tracking Testing to Living Room

Testing the displacement from the zero point or guest point to the living room is carried out by moving
two steps toward the target. In this test, the wheelchair will move according to the given coordinates without
calculating the wheelchair heading angle and the resultant distance by providing a coordinate setpoint of (100,
0) cm. In the first step, the wheelchair will turn right is 90° then proceed to move on the x-axis is 100 cm.
the following is a graph of the results of the wheelchair movement test in Fig. 6. It shows the final position of
the wheelchair is at (110: -7) cm. The wheelchair can approach the predetermined destination position,
namely (100:0) cm. So, the error value about the x-axis is equal to 10 cm, and the y-axis is equal to -7 cm.
The error occurs due to the oscillation of motion in the wheelchair, which is another effect of using the PID
control to reach the setpoint and synchronize between the wheels and the continued motion due to the nature
of the DC motor, which does not lock in the final position [6].

3.5. Zero Point Trajectory Tracking Testing to the Dining Room

Testing the displacement from the zero point or the guest point to the dining room is carried out by moving
two steps toward the target. In this test, the wheelchair will move according to the given coordinates without
calculating the wheelchair heading angle and the resultant distance by providing a setpoint coordinate of
(100,300) cm. In the first step, the wheelchair will move straight on the y-axis as far as 300 cm, followed by
moving on the x-axis for a distance of 100 cm. the following is a graph of the results of the wheelchair
movement test in Fig. 7. It shows the final position of the wheelchair at (100,99:286). The wheelchair moves
on the y-axis and then moves on the x-axis. When moving on the y-axis, the wheelchair appears to move
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slightly to the left by - 12 cm for the x-axis so that it is offset by about 12 c¢m to the left, and the wheelchair
only reaches a distance of 300 cm in the first step. Meanwhile, when moving on the x-axis, the wheelchair
also experiences an offset of 0.99 cm, so the final value on the x-axis is 100.99 cm. The final result on the y-
axis with a position of 286 cm occurs because when the wheelchair turns, the DC motor does not lock its
position, so there is a follow-up movement that occurs [6]. Error events like this can occur due to several
factors, including the different performance of the two actuators even though they are given the same
input, the floor slope factor, and the oscillation of the wheelchair movement, which is another effect of
using PID control to reach the setpoint.

Zero Point - Living Room
20 0 60 80 100 120
oTrue Value

® Real Value

Y (Centimeter)
=

-16

-20
X (Centimeter)

Fig. 6. Results of the Move from Point Zero to the Living Room (not to scale)
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350
3
) 2
5]
z 20
é 15
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—
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Fig. 7. Results of the Move from Point Zero to the Dining Room

3.6. Zero Point Trajectory Tracking Testing to the Bedroom

Testing the displacement from the zero point or the guest point to the bedroom is carried out by moving
two steps toward the target. In this test, the wheelchair will move according to the given coordinates without
calculating the wheelchair heading angle because the orientation angle is obtained from the IMU sensor and
the resultant distance by providing a coordinate setpoint of (0, 600) cm, the first step the wheelchair will move
straight for 500 cm on the y-axis then proceed by moving on the x-axis as far as 100 cm to the right against the
x-axis, then 100 cm up against the y-axis, and ending with a straight left 100 cm about the x-axis, here is the
graph of the results wheelchair movement test in Fig. 8. It shows the final position of the wheelchair at
coordinates (-4:603) cm. When moving on the y-axis, the wheelchair seems to move slightly to the left, with a
final result of -21 c¢m for the x-axis. This is because the floor in that position is uneven, and the wheelchair only
reaches a distance of 500 cm on the x-axis. y first step. Meanwhile, when the second step moves to the right
for the x-axis, the wheelchair also experiences an offset of -20 cm. This happens because of the offset that
occurred earlier so that by 80 cm, the wheelchair has turned left. In the second step, the position of the
wheelchair on the y-axis is also offset. This is because when the wheelchair turns, the DC motor does not lock
its position [6].
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Fig. 8. The Result of Moving from Point Zero to the Bedroom

3.7. Zero Point Trajectory Tracking Testing to Toilet (WC)

Testing the movement from the zero point or guest point to the WC is carried out by moving three
steps to get to the target. In this test, the wheelchair will move according to the given coordinates without
calculating the wheelchair heading angle because the orientation angle is obtained from the IMU sensor and
the resultant distance by providing a coordinate setpoint of (100, 700) cm, the first step the wheelchair will
move straight for 500 cm on the y-axis, the second step moves on the x-axis as far as 100 cm to the right,
then proceeds to move straight on the y-axis for 200 cm. The following is a graph of the results of the
wheelchair movement test in Fig. 9.

Fig. 9 shows the final position of the wheelchair at the coordinates (80:702). The wheelchair moves
on the y-axis then moves on the x-axis then moves straight again on the y-axis. When the first step moves
on the y-axis, the chair appears to have an error by turning left by 4 cm to the left against the x-axis or -4 cm
and has an offset of 2 cm from the y-axis so that the final value of the first step is in the coordinates (-
4:502). In the second step, the wheelchair looks quite stable, there is no error in the y-axis, but there is an error
in the distance that should be covered, which is 100 cm, while the distance taken is 84 ¢m with an offset of
-4 cm in the first step so that the second step has a coordinate value end (80:502).

In the third step, the wheelchair looks quite stable and does not experience too many errors on the x-
axis and y-axis, with the final coordinate value (80: 702). Error occurrences like this can occur due to several
factors, including the different performance of the two actuators even though they are given the same
input or the oscillation of movement in the wheelchair, which is another effect of using PID control to reach

the setpoint.
Zero Point - WC
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— 20
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Fig. 9. Result of Transfer from Zero Point to WC
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3.8. Collision Avoidance Testing in Straight Path

The test is carried out by placing an obstacle in front of the wheelchair while it is moving in a straight path.
The following is a graph of the results of testing the proximity sensor in Fig. 10. It shows the distance sensor
detects an obstacle with a distance of less than 40 cm and the wheelchair stops. This is indicated by the
constant value of the distance traveled by the wheelchair, seen at stops 1 and 2. In the detection of the first
obstacle, the wheelchair stops with a distance of constant wheelchair mileage at 140 cm, and on detection of
obstacles, both wheelchairs stop with constant wheelchair mileage at 292 cm.
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Fig. 10. PING Sensor Detection Results Manual Mode

3.9. Collision Avoidance Testing on Trajectory Tracking

The test was carried out by placing an obstacle in front of the wheelchair while it was moving in trajectory-
tracking mode from the zero point to the toilet. The following is a graph of the results of the proximity sensor
test when in manual mode in Fig. 11. The result shows that when the distance sensor detects an obstacle with
a distance of less than 40 cm, the wheelchair stops. This is indicated by the constant value of the distance
traveled by the wheelchair, seen at stops 1 and 2. In the detection of the first obstacle, the wheelchair stops
with a distance of constant wheelchair travel at 240 cm, and on detection of obstacles, both wheelchairs stop
with constant wheelchair mileage at 654 cm. When the obstacle is no longer detected by the sensor,
the wheelchair continues trajectory tracking to completion.
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Fig. 11. PING Sensor Detection Results Trajectory Tracking Mode

3.10.Discussion

The overall test shows that the developed wheelchair can perform the trajectory tracking mode. The test
has been conducted for the track with a straight path and with a right/left turn for different scenarios. The
trajectory error and final location error did happen in all tests. The actual position that is closest to the reference
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position is at the reference position (-4;603) cm, which should be at (0;600) cm, with an error on the x-axis
equal to 4 cm and 3 cm on the y-axis. At the same time, the most distance is at the reference position (80;702)
cm, which should be at (100;700) cm, with an error on the x-axis equal to 20 cm and 2 cm on the y-axis. The
error occurs due to motion oscillation which is another effect of using PID control to keep the two wheels in
sync, which is also evident in other research [40]. The error in the final position is also affected by the slip,
which may happen for multi-stage motor-wheel coupling with a chain. The slip thus accumulated in odometry
error, as was the case in [41]. On the other hand, surface slip may add to the equation, as in [42]. As a
comparison, the path-tracking of an electric wheelchair in [43] also resulted in about a Scm error for 10-s
movement. The error value is not affected by the value of the reference position and the order of movement of
the destination. In addition, there is an error in the final destination of all tests due to a follow-up motion due
to the nature of the DC motor, which does not lock the final position. Therefore, the result indicates the
capability of the proposed approach to follow the path.

In the collision avoidance test with the ultrasonic sensor, when the sensor detects an obstacle less than 40
cm, the wheelchair shows the capability to stop and will continue its movement until it is finished if it doesn't
detect it anymore. A different approach was taken by [19] by adding a bumper. However, the short space
offered (20 mm) is too risky and has very small room for error. Several tests also show that the halt is not
time-dependent but obstacle-distance-dependent. Therefore, the proposed collision avoidance has worked well
as designed.

4. CONCLUSION

In this study, the smart wheelchair has been successfully developed with the capability of trajectory
tracking and also features collision avoidance. The design of smart wheelchairs is based on using an odometry
system and distance information from two ultrasonic sensors. The wheelchair performance in all tests shows
the prospective result. The path-trajectory test with the simulated domestic route shows that the wheelchair
is capable of following various tracks, either straight or with turns, with acceptable accuracy. Moreover, with
the additional capability of collision avoidance which enables the wheelchair to stop within 40 cm of obstacles,
the wheelchair can add to safety for the user during its movement and avoid the crash to door, walls, people,
or other objects. With this improvement offered (trajectory tracking and collision avoidance), the wheelchair
has the potential to be applied for further usage
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