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Abstract

The investigation of indoor navigation system presents an intriguing study especially in the
field of floor cleaning robot research. However, controlling an indoor robot is still
challenged by complexity of the uncertainty and obstacle detection modeling. Various
methods with different algorithm are required to determine and control robot position. Wall
following algorithm was suggested as an alternative to more complex computation methods
i.e. Simultaneous Localization and Mapping (SLAM). This paper proposed an alternative
solution for navigating robot by implementing four low-cost ultrasonic sensors as proximity
sensor for wall following purpose. The system was used to manage robot movement.
Experiments involving wall detection and motion control test demonstrate that the robot can
be implemented for domestic purpose.
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I. INTRODUCTION logic, artificial neural network and genetic
algorithms can be used as navigation system for
moving the robot while avoiding obstacle along its
path[1][2][3]. Another method for determining robot
position is called Simultaneous Localization and

Mapping (SLAM)

The investigation of indoor robot presents both an
intriguing and challenging fields of research. In the
fields of research on the navigation control theories
and methods, several works have been carried out.
Such research is crucial for domestic robot
development i.e. floor cleaning robot. With the  [4].
consideration of major factors contributing to the
heterogeneity of previous findings, a solid
architecture or algorithm has not been determined

yet.

Various researches about autonomous indoor or
domestic robot have been published. Although

In SLAM, robot position is mapped without
prior information of previous position[5]. While
SLAM is popularly seen as main key component of
any truly autonomous robot, this method is
considered require complex computation.

Unlike the outdoor robot which can use a GPS for
their navigation system, indoor robots have limited

commercial domestic cleaning robots have been
available on the market today, there are still several
glitch remained to be investigated, especially on
how to detect obstacle inside the room and control
the robot movement. The research topics are mainly
focused on how to control and navigate properly by
installing several type of sensors. The sensors are
utilized to monitor the surrounding environment.
Various methods such as sensor data fusion, fuzzy
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options for determining their position. Although
navigating without GPS is considered difficult, an
autonomous robot can utilized a method of obstacle
detection or wall following to navigate itself inside
the closed room. The robot is move along it path

while maintaining a close proximity to the wall [6].
An algorithm, using computer-based stereoscopic
vision, wireless network, 2D sensor and human-
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machine interaction are typically used for cleaning
robot [7][8][9].

Another important factor for wall following
navigation system is sensor selection. Sensor quality
will influence the outcome[10]. Several wall
following robot are equipped with laser scanner,
sonar, or even IR sensor [10][11]. Ultrasonic sensor
is one of highly popular spatial sensor for
autonomous robots. Points of interest of ultrasonic
sensor are generally lies on the cheapest price and
their compatibility for detecting any object surface.
Their low resolution can be increased by using
several sensor on different fixed position or placed
on rotating platform [12][13][14][15]. Ultrasonic
sensor typically used as an obstacle avoidance
robotic vehicle using ultrasonic sensors for its
movement [16]. The sensor also served as distance
measurement apparatus for determining safe limit
between robot and object [17]. Previous research
presented that ultrasonic sensor also can be used as
relative positioning sensor for multi robot
localization [18].

In this paper, research was conducted using RONER
(Robot Cleaner), a prototype floor cleaning robot
that developed by Embedded and Network System
(ENS) research group from Telkom University. This
paper proposes a low cost solution for controlling
RONER by navigation. This work aims to develop
wall following system using ultrasonic sensor that
can be used on indoor. The rest of this paper is
organized as follows. Section Il describes a
proposed solution. Meanwhile, result and discussion
are presented in section Ill. Finally, section IV
shows the concluding remarks.

1. PROPOSED SOLUTION
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Fig. 1 Ronersystem block diagram.

The system is divided into two parts. They are wall
following using ultrasonic sensors and motion
control. The system’s hardware block diagram is
shown in Fig. 1. Four ultrasonic sensor are used as
wall following sensor. Signals from sensors are then
processed by microcontroller. Meanwhile, four DC
motor are utilized as robot actuators.

A. Wall Following using Ultrasonic Sensor

Ultrasonic sensors are placed on four sides of the
robot to facilitate wall detection scheme. This sensor
can measure distances between 3 cm to 300 cm. The
output of this sensor is a pulse which represents
distance between sensor and the object. The pulse
width varies from 115 ps to 18.5 ms. The sensor
used 40 kHz signal generator, an ultrasonic speaker
as transmitter and an ultrasonic microphone as
receiver. The transmitter converts the 40 kHz signal
into sound while the receiver serves as detector of
the sound reflection.

Ultrasonic signal has limited sensing angle
capability due to property of sound. The sensor must
be configured accordingly. In RONER, the sensors
are placed perpendicular each other to form a full
scan radius of ultrasonic signal. Therefore, the
sensors can develop an omnidirectional sensing
capability[15][19]. Fig. 2 shows the sensor
placement on RONER.
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Fig. 2 Proposed ultrasonic sensors placement.

HC-SR04 signal pins can be directly connected to
the  microcontroller  without any additional
components. Sensor will only send ultrasonic sound
when there are trigger pulses from the
microcontroller (pulses are high during 5 pS).
Ultrasonic sound with a frequency of 40 KHz will
be emitted during 200 uS. This sound will propagate
in the air at a speed of 344.424 m/s (or 1cm every
29,034 uS), hit the object and then bounce back to
receiver. While waiting for reflections, sensor will
generate a pulse. Therefore, the pulse width can
represent the distance between sensor and object.
Ultrasonic sensors can cover 2 cm to 400 cm
distance range. The specifications of this sensor can
be seen in TABLE I.

Table I. Ultrasonic Sensor Specification.

Working-Voltage: 3¥-{DC e
Working: Current: li-mAC
Working:x
A0 K
Frequency= I -
Max. Eangex 4-mE
Min.  Ranges Z-cm=
Meazuring -Angle:x 13- degreec
Trigzer: Input=
5 Ie LT g5 TTL - pulsec
Echo: Outputs bput- TTL- kevemr
. mgpal md- e mnge- me
L Signalc proportion=
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B. Motion Control

To provide a proper motion control, specific DC
motors and omniwheels are needed. Four DC motor
is used as a robot’s prime mover. 10 inch diameter
omniwheels also installed with the motors. For this
paper, KR13128 DC motor is chosen. With 258 rpm
speed and 13 Kg.cm torque, this type of motor is
sufficient actuator for the robot. KR13128 DC
motor’s specification is presented in TABLE II.

Table 1. KR13128 DC Motor Specification.

No.z MotorParam eters Value: =
Le Working-Voltages= 13-Veolt- DC- foec E

= = moter)= =
2 2 SvoltDC-{for-backs |7
= = mcoder)c C
= Gear- Typec Enetary- e (1< E
= = stagas/-2-laval= 5
= = pmetary: gear = C
1o (Crear-Fatio= 1/24 (Efficiency-in-full4™

C Fated- Speeds 258rpm= =

4r Rated Torque- 1.3 Nm13-Egcm)= |7

Data from this table can be used to formulate a
system’s optimal movement. Fig. 3 shows how all
motors and wheels are installed on robot’s frame.

Fig. 3.DC motor installed on RONER.

Motion control algorithm is adopted to control
motor and help navigation process. This
configuration allows all wheels to rotate together to
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move in a certain direction. By combining the
motion of each wheel, robots can move freely
avoiding any obstacles. The motion control
flowchart is shown in Fig. 4.

The process begins with sensor and motor
initialization. Default move of RONER is moving
forward until it detected the wall or obstacle.
Distance between sensor and wall can be configured
manually for input set point. Set point will
determine how close robot to wall. Each sensor’s
data are read and processed by microcontroller to
compare the current distance value. If the value less
than set point, the robot will be shifted to the
corresponding position. The default movement of
the robot is moving forward. If sensor 1 and sensor 4
value’s less than or equal to distance set point, the
robot will be shifted to the right. This also applies to
condition when sensor 3 and sensor 4 value’s less
than or equal to distance set point. The robot will be
shifted to right when sensor 1 and 2 value’s less than
or equal to distance set point.

The flowchart further presented an algorithm to
handle RONER movement. It was designed through
considering the trade-off between sensor low
accuracy and wall detecting capability. A duty cycle
controller is divided into nine level from 10 to
100%. Each duty cycle is corresponded with PWM
signal that sent to motor driver.
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Fig. 4. RONER motion control flowchart

The robot position in the room will be adjusted
relative to the position of the previous point. The
illustration of the RONER position is shown in
TABLE IlI. This table shows six different motion
schemes can be performed. The RONER movement
IS described as follows.

a. Forward movement is performed when
motor 2 and motor 4 rotate clockwise and counter
clockwise respectively.

b. Reverse movement is performed when motor
2 and motor 4 rotate counter clockwise and
clockwise respectively.

C. Shift left movement is performed when
motor 1 and motor 3 rotate clockwise and counter
clockwise respectively.
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d. Shift right movement is performed when
motor 1 and motor 3 rotate counter clockwise and
clockwise respectively.

e. Clockwise rotation movement is performed
when all motor are rotated counter clockwise.

f. Counter clockwise movement is performed
when all motor are rotated clockwise.

Table I11. RonerMotion Scheme.
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1. RESULTS AND DISCUSSION
A Wall Detection Experiment Results

This experiment is conducted for verifying
theperformance of ultrasonic sensor. Robot is placed
near the wall and the sensor value output is
observed. The robot is tested in ten points along the
wall (Fig. 6). The test is performed to evaluate
sensor accuracy while maintaining close proximity
to the wall. Meanwhile, a campus hallway (Fig. 5) is
used as a testing area. This hallway provides a
challenging task for the robot since the distance
between robot and wall is not constant. While the
hallway wide is about 2 meter, the doors and
building concrete column are expected to provide
various sensor measurement result.
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Fig. 5. Campus hallway as a robot’s testing area.

The test result is shown in TABLE IV. The result
shows relative linear association of actual distance
with sensor value. First column of the table conveys
sensor 1 distance measurement data from ten points
along hallway. The average measured distance value
is 38.928 cm. While the real distance value between
robot and wall is 40 cm, the average distance error is
1.072 cm. Another result from the observation was
that sensor 2, 3 and 4 measurement data has
provided slightly better accuracy than other sensors
with error margin 0.074, 0.01, and 0.302
respectively.

Table 1V. Ultrasonicsensor test.

Point: Sensorlso Sengore Iz Zensore 3m Sensordz |
oumbers: Measured= Measured: | Measureds Measured= |
1 Distance:x Distance: Distance: Distancex |:
2 (em) femae {eme (emjz |
LB 343 4.0 1o 3355 4150 [
1D FEAEC 4.1 3385z 43 7ic B

EAs 4530 4i).1 1o 3390z 4331

4 3341c 4.1 1o 3385z 4393c

i Ef ] 4i).1 1o 3390z ]

£.C 348C 4.1 1o 3385 43 65T

1B 3330 4101 3385z 3l.13c

ac 38.13c 4.1 1o 3385 J0.17c

arc 38.03C 4101z 3385 J0.17c
LAE a.llc 411 3385 3017 L
AVCa 38028 40074 5000 40608 |
Actnalkz | = = 4
Distanee: H
. 4= 4= 11553 1153 -
'l. ﬂlm =3 =3 3 3
fml |= = s
Distanees |= |= = i
errors 1072 0.074= 0.01= 0302 '
fme = = H
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The experiment results indicate that sensor is
successfully used for wall detecting and distance
measurement. Not only the sensor is detecting wall,
but also doors and concrete column (Fig. 6). This
data provide strong initial evidence. The variations
of sensor value against actual distance but within a
tolerable condition. Aside from margin of error, this
series of sensor’s data are useful for robot motion
control.

Fig. 6.Wall following sensor experiment.

B. Motion Control Experiment Results

The experiment is started with maximum duty cycle
scenario (100%). PWM data on Arduino is set on
255 values. The voltage value at 100% duty cycle is
measured at 12 volt. The duty cycle is then lowered
incrementally. It should be noted that at 50% duty
cycle, the motor is can’t move the robot. Hence, the
results for duty cycle percentage below 50% .
TABLE V presents the results of effect on motor
PWM value/duty cycle to each motor. These results
suggest the effect of duty cycle variation on motor
rotation/output. The system demonstrates optimal
results between 60-100% duty cycle.

8073



"TIEIST

Engineering & Management

Table V. Motor PWM Test.

Dty Cyelex VM=
(Vi values Voltage (V=
dic 12c ac
aidc T4 C

RONER wall following scenario is shown in Fig. 7.
Robot is placed on the corner of the 2 x 2 meter
room. Then, robot is activated. Robot will detect the
surrounding wall and move accordingly. The wall
following experiment results are shown on TABLE
VI. This results indicate that the controller can
detect obstacle and activate motor to corresponding
movement.

2m

Fig. 7.RONER wall following scenario.

Meanwhile, to evaluate the whole system
functionality, robot is placed inside the room and
then activated. All sensors will scan the surrounding
to determine next movement. TABLE VI described
the result of integration between wall following and
motion control algorithm. The seven different
motion scheme tests have been conducted : forward,
reverse, shift left, shift right and rotate 3600. Our
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findings are in general consistent with the initial
design and theory. The result supports the
hypothesis that ultrasonic sensor placement did give
the different effect on wall detection system.

Compared to previous research, the system
performance test provides an assessment whether
the system can beimplemented on small room for
household application. It also enables us to estimate
with sufficient precision the effect of different
obstacle to the robot’s wall detection system. This
finding is thus an important contribution for
development of low-cost autonomous robot
especially home cleaning robot. Nevertheless, this
robot has certain limitations. A major concern in
wall following robot using ultrasonic sensor is the
problem of reliability on the occupied room
application. Robot can be mistaken detecting human
as wall or obstacle and the system can be confused.
A further interesting issue worth exploring is
implementing another more accurate sensor using
sensor fusion algorithm.

Table VI. Integrationbetweenwall following and
motion control experiment.

Slo | S | Sdo | 5-4:_ M-l | M2z | M3z | M4 | Resultsz f
_ — _ _ N _ Shifta
mt 1 =] =] =t L CCWe -=

Ix ! ! ! Lx C ! ! CC ! i Right= :
_ — _ _ N _ Shifta
mt 1 i =] =t L CCWe -=

Ix ! ! ! C ! ! CC ! i Right= :
| n Tk D= T Ca E: CCWC Ferwarde

Da|Da| = | = = [ews| 2 | = | Esverses
= | De| D=| -=| cow z C= = | ShifE

£k 2 2 2 2 L
=| <« | D=| =| €= | = | cowe| = | SRS
Romtec
-5 pa = = CCW CCWe CCWo | CCWo 3E0°°
T Ed=Tansor A7

MIL-M4:Dlotor- 147

D= Wall Diatactad|
C:Clockwisay]
COW:Counter Clocloerisa]

IV. CONCLUSION

The paper presented here shows several points:
combination between a low-cost ultrasonic sensor
and motion control algorithm can be an alternative

solution for robot’s indoor navigation system.
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Experimental results indicate that the system is
effective for detecting wall in small room. in
controlling the depth of the robot with negligible
steady state error. The motion control system
implementation on motor driver is able to manage
activate motor from 50 - 100% duty cycle
PWM level. This research could be expanded to
include several more accurate navigation and
proximity sensor i.e. Inertial Measurement Unit
(IMU), LIDAR and camera for detecting object. The
important point to note here is that sensor fusion
method will increase effectiveness of navigation
system on autonomous mobile robot [20].
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