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ABSTRACT

This paper discusses about the navigation of G-Bot is (Garbage Robot). The G-Bot is designed to attract the
human intention (especially kids) to throw the garbage in proper place. The G-Bot in this research has an attracted
and colorful body. It can be plugged and assembled easily so that it can be washed in order to keep its cleanliness.
However, how it navigates to the target and avoids the obstacles still become the problems. In this research, a
new navigation strategy using fuzzy logic is implemented to the G-Bot in order to help it to keep its navigation to
the correct path. The navigation of G-Bot is conducted in the aisle of the classrooms using 3 obstacles. It is tested
to navigate from room 1 to room 2 and vice versa. From the experiment, it can be concluded that the G-Bot has

been successful to reach the target (room 1 and also room 2) in about 21 minutes.

Keywords: Navigation, Fuzzy Logic, G-Bot

1. INTRODUCTION

Garbage is residual material that is not used or
unwanted after the use. Garbage is divided into several
types. When viewed from its nature, garbage is
classified into organic and inorganic garbage. The
organic one is the garbage that can be easily
decomposed (can be broken down), such as food
scraps, vegetables, dry leaves, and others. This garbage
can be further processed into compost. Meanwhile,
inorganic one is the garbage that cannot be easily to be
decomposed, such as plastic food wrapping containers,
plastic toys, drinking bottles, glasses, cans, wood, and
others.

In Indonesia, the garbage has been being a very
serious problem that affects not only the social part but
also the economic and the culture [1]-[12]. Almost all
cities in Indonesia has problems in managing garbage.
The lack of public concern for the surrounding
environment and the lack of garbage bins are some of
the factors that increase garbage accumulation in
Indonesia.  Various efforts have been made to
overcome those problems, including making
regulations and sanctions for violators, educating
people about the importance of disposing of garbage in
a proper place, sorting and managing garbage, and
developing garbage applications. However, these
efforts have not been maximized. It is due to only a
few communities want to be involved in this problem.

The importance of educating children about the
dangers of disposing the garbage inappropriately from
an early age will greatly help to increase their care for
the environment. This will have an impact on the habits
of society in the future. In the current era of
digitalization, smart educational games for sorting
garbage can be a teaching medium in instilling a culture
of disposing of garbage in its place. However, the game
is only a simulation and there are many negative
impacts that it can cause.

Based on the problems described above, this study
offers a garbage overcoming concept using a garbage
robot (G-Bot). Besides being useful as a garbage
collector, this G-Bot is also very effective in attracting
children's attention to build positive energy, i.e., by
accustoming them to throwing garbage in the right
place.

Many garbage robots are developed with very
expensive selling prices, therefore, only few people can
use them. In this study, a low cost garbage robot was
built by utilizing recycled materials, especially for the
robot casings and frames. It used newspaper molded
plates which can be obtained at low prices. Besides the
high selling price, garbage robots on the market also
cannot be washed. This is because the electronic
components are attached directly to the body of the
robot. The garbage robot offered in this study
consisting of 3 parts that can be assembled.

Another advantage of using a garbage robot as a
garbage carrier is that it can move automatically,
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therefore, it can save energy and time for people who
will throw garbage. However, how to control the
garbage robot, so that the robot can walk and work as it
should be, is a challenge for researchers. Therefore, the
researcher proposes a concept of motion control for G-
Bot based on Artificial Intelligence.

In this research, a fuzzy logic is applied to the G-
Bot in order to maintain the G-Bot motion. This fuzzy
logic helps the G-Bot to navigate to the correct path.
There are a lot of researchers who has used fuzzy logic
in the research, such as in [13]-[20].

2. PROPOSED METHOD

In this study, the G-Bot is accomplished with two
active wheels (rubber AGV 120 mm, hole custom 6-15
mm, and Load max 10 kg) and one free wheel for its
maneuvering. Based on the Figure 1, the parameters of
the X and Y axes are the positions of the robot. C is the
center of the robot. g is the angle formed by the Xx-axis,
and w is the angular velocity. The distance between the
wheel centers is shown inL. The linear velocity for
each wheel is symbolized as V1 and V2. Linear
velocity centered on € is shown in vV and vn. Its
angular speed is affected by the M1 and M2 motors
respectively.

Figure 1 Illustration of the direction of movement

The basic formulation for kinematic in the robot is
shown in Equation (1). The Tyy(q) parameter is a non-
holonomic transformation of the mobile robot. The
u(t) is input used to estimate the position and velocity
of the robot in cartesian space.

X(®) [—%cos(90 —-0)(t) —%cos o(t)
v(®)|=| 3sin(90-6)(t) —3sin6(t)
() 1 1

2L 2L
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X (t)
Y (©)
6 (t)

= Tyu (@) u(®). (1)

In Figure 1, the linear velocity for each of v1 and v2
can be expressed using Equation (2)

V1(t) =Vn(t) + L. w(t)

@)
V2(t) = -V(t) + L. w(t)

If the velocity of v1 and v2 in Equation (2) are added
together, it will produce an angle that is shown in
Equation (3).

1
0(t) =w(t) = ﬂ(Vl(t) +1V2(t)
) 3)
V= E(V1(t) —V2(1)

Equation (4) shows the actual position obtained
X(t) =V(t)cosOB(t) — Vn(t) cos (90 — 0)(t))
Y(t) = V(t) sin(90 — 0) (t) + Vn(t) sin 6 (t) 4
6(t) = w(t)

The formation of non-holonomic constrains in the robot
direction is shown in Equation (5).

As mentioned before, the designing of the Smart G-
Bot in this research uses the fuzzy logic method in order
to control the robot. In the application of this fuzzy
logic, there are several steps that should be conducted
in order to manage the sensor data input before the
output signal is finally generated to the actuator (See
Figure 2). The processes are first begun by the
fuzzification, then it is continued with the inference
engine and the defuzzification process.

The G-Bot smart navigation system is designed to
regulate the robot's motion to reach its destination. The
navigation system is designed so that the robot
recognizes the position and direction of the destination
based on the data provided. Therefore, to make it easier
read the navigation, the first thing that should be done
in software design is to make the flowchart. With the
flowchart, the direction of the robot's navigation
movement can be understood. In this research, the
flowchart is shown in Figure 3.

%cos(90 —-0)(t) %cos ()]
®

—%sin(9? - 6)(t) §51n19(t) [11//12@) ©)

2L 2L
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Figure 3 Flowchart Smart G-Bot

2.1 Fuzzification

Fuzzification is the process of transforming crisp data
into linguistic variables (fuzzy sets), with a certain
degree of membership or what can be called as the
input fuzzy value. In this process, the resulting fuzzy
input value is influenced by the input membership
design that is used.

In this research, the input membership function is
designed using 3 inputs. The navigation system is based
on those 3 inputs, namely Left Ultrasonic (S1), Front
Ultrasonic (S2) and Right Ultrasonic (S3).

Near (N) x<35 = 1
35<x<50 = x50
35-50
X >50 = 0
Far (F) X< 35 = 0
35<x<50 = x235
50-35 (6)
50 < x <65 = X265
50—-65
X > 65 = 0
Very Far x <50 = 0
(VF) 50<x<65 = x50
- 65—-50
X > 65 = 1
1 f
o q

ctm

65

Figure 4 Ultrasonic fuzzy input

From these inputs, the membership function is
created with different linguistic variable values. The
three inputs have 3 linguistic values, namely Very Far
(VF), Far (F), and Near (N). The value of the degree of
membership of each linguistic value is 1. The equation
for the fuzzy logic membership function based on the
ultrasonic sensor distance parameter is shown in
Equation (6).

Based on the process of calculating the fuzzification
of the ultrasonic sensor distance, the fuzzy logic inputs
with their membership function graph can be seen in
Figure 4.
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2.2 Rule Evaluation (Inference Engine)

Rule evaluation is a decision-making process
(inference) based on the rules set on the basis of a rule,
i.e., to connect fuzzy input with fuzzy output. These
rules take the form of (IF ... Then).

Table 1 Fuzzy control rules
INPUT OUTPUT
S1 S2 S3 M1 M2

VF VF VF s S
VF VF F S M
VF VF N S F
VF  F VF M M
VF F F S M
VF F N S F
VF N VF F F
VF N F F F
VE N N S F
F VF VF M S
F VF F M S
F VF N F S
F F VF M S
F F F M M
F F N M F
F N VF M M
F N F M M
F N N M F
N VE VF F S
N VF F F S
N VF N F S
N F VF F S
N F F F M
N F N F M
N N VF F S
N N F F M
N N N F F
Note:
Input Parameters:
N  : Near
F :Far
VFE :Very Far
Output Parameters:
F  :Fast
M : Medium
S :Slow
There are 2 Inference Engine processes: a.

Aggregation: the process of calculating the “IF”; and b.
Composition: The calculation process on “Then”.

The defined rules are used to specify the
relationship between the input fuzzy set and the output
fuzzy set. This robot has two navigation modes,
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namely follow right and follow left. To follow the right
the robot will explore the room in a clockwise direction.
On the contrary, to follow the left the robot will explore
the room in counterclockwise direction. To right
follow, the robot only uses the right and front sensor
input. Meanwhile, to left follow, the robot only used
the front and left sensor input. Table 1 shows the design
of control rules in the navigation of this smart G-Bot.

2.3 Defuzzification

Defuzzification is the process of finding the value of
linguistic variables based on the degree of membership
they have. The defuzzification process produces the
desired output from the previous process. The
defuzzification process has an output membership
function in the form of a vertical line (singleton) as
represented in Equation (7).

Defuzzification*

l.al+ w2.a2+ -+ wn.
7= wl.a wl.a wn.an (7)
Ea
where
Z = Defuzzification
w = PWM motor

a = Fuzzy Rules Value

2.4 Circuit Schematic

Electronic circuit design is the process of making
circuits, PCB layout and printing and wiring (wiring
diagrams). The creation of a series and layout in this
research uses the eagle application and Corel Draw X7.
As can be seen in Figure 5, the schematic design is
consisted of some components, such as: i) 1 Arduino
Mega 2560 rev 3 which functions as the minimum
system used; ii) 5 ultrasonic sensors, 3 of which serve
as railroad navigation readings and the other 2 for
reading garbage height; iii) 1 colorr sensor TCS3200
that has function as a colorr detector when the robot is
moving; iv) 1 Compass sensor functions as a robot
angle adjustment in the initial position; v) 1 DHT11
sensor which functions as a humidity and temperature
detector; vi) 1 MQ-7 sensor as a gas detector; vii) 1
piece Motor Driver Cytron MDD10A Rev.02; viii) 2
PG45 motors, function as robot driving motors; ix) 2
MG996 Servo Motors, function as control for opening
and closing the robot's; x) 1 12C and 1 20x4 LCD as
screen media to display the temperature, garbage
capacity, and robot positions.
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(.‘ﬁcﬁ The G-Bot should be able to navigate from ROOM
i = 1 to ROOM 2 and vise versa smoothly. 3 of obstacles

| =. were placed in the experimental arena, i.e. 2 garbage

boxes that were placed arbitrarily and 1 obstacle of the
room pole (as shown in Figure 7)

Figure 5 Smart G-Bot Schematic Diagram

2.5 Mechanical Design

Hardware design includes mechanical and electrical
design stages. In designing the Smart G-Bot, there are
several pieces of hardware that are used to complement
the equipment of this robot. The full design can be
seen in Figure 6.

To start using The Blynk:
1. Download Blynk App:
http://j.mp/blynk_Android
or http://j.mp/blynk_iOS
2. Touch the QR-code icon
and point the camera to the
code
3. Enjoy the application
(a) Blynk Display (b) G-Bot Barcode
Figure 8. G-Bot Controller

*45cme—y

-118cm -

Figure 8 shows the G-Bot controller.  This
controller is designed using Blynk Application. The
display of the controller is useful for controlling and
monitoring the G-Bot. In Figure 8, it can be seen that
there are some features, such as: the monitoring display

. (a)_ . . (b) of inorganic and organic garbage capacity, the button
Figure 6 (a) Side view, (b) Front view for opening the G-Bot’s cover, and the button of
moving the G-Bot to ROOM 1 or ROOM 2.

29 em—{

3. EXPERIMENTAL RESULT
1 i 3.1 Casel

In Case 1, The G-Bot was designed to move from
ROOM 2 to ROOM 1. The initial position of the G-
Bot is shown in Figure 9 (a). When the push button
“ROOM 1” in the Blynk application was pressed as
shown in Figure 9 (b), the G-Bot then started to
navigate. Att=1s, asshown in Figure 9 (c), the G-
Bot was so closed with the garbage box that functioned
as its first obstacle, however, its distance sensors did
not consider it was a significant obstacle to be hint,
therefore it just kept moving left forward with different
left and right PWM, i.e. 100 rpm for the left motor and
175 rpm for the right motor. Due to the right PWM is
higher than the left one, the G-Bot moved to the left as
Figure 7 Experimental arena. shown in Figure 9 (d). At Figure 9 (e), the G-Bot
detected the second obstacle on it right side.

The navigation of the G-Bot to the target was tested
in the isle of Electrical Engineering of State
Polytechnic of Sriwijaya.

631



ATLANTIS
PRESS

(e)t=9s (Ht=10s
Figure 9 Navigation of G-Bot in Case 1

It then changed its navigation by renewing its left and
right PWM, i.e. 146 rpm for the right motor and 99 for
the left motor. Thus, the robot moved quite left as
shown in Figure 9 (f). The G-Bot moved forward
smoothlyatt=11suntilt=18s. Att=19s,the G-
Bot has passed the black line that became the set point
of the target, it then controlled its moving to be its
initial position (Figure 9 (g)). Att= 21 s (Figure 9
(h)), the G-Bot has reached its final position.

3.1.1 Fuzzification for Case 1
Table 2 shows the data of the G-Bot while moving
from ROOM 2 to ROOM 1. The data of 3 ultrasonic

Atlantis Highlightsin Engineering, volume 7

(9)t=19s

(t=21s

sensors, the data of the left and the right PWM were
recorded in that. table.

Table 2 Experimental data of Case 1

Input Output
Time Ultrasonic Sensor
(s) Distance (cm) PWM
S1 S2 S3 left Right
1 34 68 38 200 99
4 72 87 43 100 175
9 85 75 51 99 146
10 70 84 37 99 180
19 38 72 70 189 100
20 75 34 38 120 198
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For calculating the fuzzy value, an example of
experiment in the 4 second measurement of the Case 1
is taken (See Table 2). The fuzzy calculation process
goes through several stages, as follows:

From the setting data, it can be seen that the data of
each membership functions in fuzzy input an be
calculated using Equation (6). From the experiments
shown in Table 2, it can be concluded that ultrasonic
sensor distance parameters are as follows: S1 =72, S2
=87 and S3=43.

Therefore:

Ultrasonic Sensor Distance 72 (S1)

N X >50 =0
F X >65 =0
VF X >65 =1

Table 3 Ultrasonic Distance Sensor Calculation Value

Atlantis Highlightsin Engineering, volume 7

Ultrasonic Sensor Distance 87 (S2)

N x >50 =0
F X >65 =0
VF X >65 =1

Ultrasonic Sensor Distance 43 (S3)
x—35 _ 43-50 _

N 35<x<50 - = =0.46
3 5_—3550 4-335_—3550

F 3/<x<50  =o—c = 0.53
50-35 50-35

VF X < 50 =0

Based on the above calculations, the equation is:
1.VFVFN
2.VFVFF

See Table 3 for the Detail of the ultrasonic distance
calculation value.

No. Ultrasonic Distance Calculation Value PWM
S1 S2 S3 Left Right
VF VF N
1 1 1 0.46 S F
VF VF F
2 1 1 0.53 S M
Table 4 Results of Ultrasonic Sensor Distance Defuzzification Calculations
Least Value Fuzzy Left PWM Right PWM | wea Left | w. @ Right
Rule (o) (wLeft) (wRight)
0.46 200 100 46 92
0.53 150 100 53 79.5
Ya =0.99 Total : 99 171.5

3.1.2 Defuzzification for Case 1

Table 4 shows the calculation of the ultrasonic sensor
distance defuzzification. This data was obtained by
using the Equation (7).

In this research, the PWM values (output) are given in
Equation (8).

F =200 Fast
M = 150 Medium (8)
S =100 Slow

Therefore:

ZLeft = (w.aleft)/Xa = 99/0.99 = 100

ZRight = (w.aRight)/Sa = 171.5/0.99 = 1732

To test the result, compare the measurement and
calculation value. The error of the left and right motor
PWM can be calculated, as follows:

|(calculation value — measurement Value)|
error = | X 100%

©)

calculation value

Left Motor:

100 — 100

X 0,
100 | 100%

error = |

0
= |——| x 1009
error 100| %
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error = 0%

Right Motor:
_ 73221751 o
error = ‘7173.2 |>< (1]
| 18 | 100%
= |——| X
error 1732 0

error = 1.04 %

Thus, the output of the fuzzy logic (defuzzification) of
the ultrasonic sensor distance is 173.2 (Right PWM)
and 100 (Left PWM) with an error of 1.04% for the
right motor and 0% for the left motor. This calculation
is only the sampling. To find all of the calculation
value, the steps that has been presented before can be
adopted.

3.2 Case 2

In Case 2, The G-Bot was designed to move from
ROOM 1 to ROOM 2. In this condition, when the
push button “ROOM 2” in the Blynk application was
pressed (Figure 10 (a)), the G-Bot then started to
change its position from its initial to the target. Att=
3 s, as shown in Figure 10 (b), the G-Bot met the
garbage box as its first obstacle, the G-Bot then
changed its direction by making improvement on its
left and right PWM, i.e. 195 rpm for the right motor
and 100 rpm for the left motor. Due to the left PWM
is smaller than the right one, the G-Bot moved to the
left. However, due to it detected the obstacles, it tried
to hint it and started to move to the right to get the

Table 6 Ultrasonic Distance Sensor Calculation Value
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position as shown in Figure 10 (c). In figure 10 (c),
the robot could run smoothly (at t = 4 s). It continued
until t = 13 s. Although it met the second obstacles on
the t = 7 s, however due to the obstacles did not limit
its trajectory, in addition, its fuzzy logic could work
well, therefore, it only kept moving forward until t =
13 s, as shown in Figure 10 (d) until Figure 10 (f). At
t = 14 s, the G-Bot has passed the black line that
became the set point of the target, it then controlled its
moving to be its initial position (Figure 10 (g)). Att=
16 s (Figure 10 (h)), the G-Bot kept on backward to
reach its final position. This movement continued
until it could reach the correct position. The robot
could accomplish the task in 17 seconds

Table 5 Experimental Data of Case 2

Input Output
Time Ultrasonic Sensor
(s) Distance (cm) A
S1 S2 S3 Left | Right

3 36 93 83 100 195
4 49 62 81 153 99
7 42 66 74 179 97
9 41 68 87 180 100
13 38 81 77 175 176
14 49 69 81 152 100
16 60 87 68 116 98

Table 5 shows the data of the G-Bot while moving
from ROOM 1 to ROOM 2. The data of 3 ultrasonic
sensors, the data of the left and the right PWM were
recorded in that table.

3.2.1 Fuzzification for Case 2

In the second calculation, an example is taken from
the 7 s measurement. The data of each membership
function in input fuzzy are based on Equation (6).

No. | Ultrasonic Distance Calculation VValue PWM
S1 S2 S3 left Right
N VF VFE
1| o053 1 1 F S
F VF VF
2 0.46 1 1 M S
Table 7 Results of Ultrasonic Sensor Distance Defuzzification Calculations.
Least Value Fuzzy | Left PWM Right PWM ;
Rule (o) (wLeft) (wRight) Ll Uil
0.53 200 100 106 53
0.46 150 100 69 46
Ya =0.99 Total : 175 99
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From the experiments shown in Table 5 (for t=7), it
can be concluded that ultrasonic sensor distance
parameters are, as follows: S1 = 42, S2 = 66, and S3 =
74.

Therefore:
Ultrasonic sensor distance 42
x—50 _ 42-50 _

N 35<x<50 = = =053
S35 _ 42-35

F 35<x <50 =272 = =0.46
50-35 50-35

VE  x<50 =0

Ultrasonic sensor distance 66

(e)t=9s
Figure 10 Navigation of G-Bot in Case 2

Ht=13s

Atlantis Highlightsin Engineering, volume 7

N X>50 =0
F X > 65 =0
VF X> 65 =1

Ultrasonic sensor distance 74

N X>50 =0
F X > 65 =0
VF X>65 =1

Based on the above calculations, the equation is
obtained, namely:

1.N VF VF

2. FVF VF

See Table 6 for the Detail of the ultrasonic distancee

calculation vaue.

(gt=14s

(ht=16s
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3.2.2 Defuzzification for Case 2

Table 7 shows the calculation of the ultrasonic
sensor distance defuzzification.  This data was
obtained by calculating the value using the Equation
(7). Fort=7s, it can be calculated that the rpm of left
and the right motor 176.8 and 100 respectively

w.aLeft _ 175
=——=176.8
Ya 0.99

ZLeft -

w.aRight 99
Zright = = — =100
Right ca 0.99

To test the result, compare the measurement and
calculation value. The error of the left and right motor
PWM can be calculated using Equation (9)

Left Motor:

_ |176.8 - 179| X 100%
error = 176.8 0
- | 22 | x 100%

error = T68 0
error = 1.24%
Right Motor:
= |100_97| x 100%
error = 3100 0
- |/ 0,
error |100| X 100%

error = 3%

Thus, the output of the fuzzy logic (defuzzification) of
the ultrasonic sensor distance is 176.8 (Left PWM) and
100 (Right PWM) with an error percentage of 1.24%
for the left motor and 3% for the right motor. The
results of these calculations can be compared to the
experimental results at the 7th second of the right row,
i.e., t the results of the left PWM and the right PWM
are almost the same with the experimental results.

4. CONCLUSSION

From the experimental testing, it can be concluded
that the fuzzy logic system used in the robot motion
control system can operate and can be applied in a
navigation system. The G-Bot could hint the obstacles
well using the fuzzy logic. The value generated from
the readings of the S1, S2, and S3 sensors greatly
affected the movement of the robot with a set point of
35cm. From the results of the research and testing that
has been done, the author provides some suggestions,
such as: the use of a more responsive proximity sensor
such as the PING sensor will be more helpful in robot
maneuvers, and it is necessary to carry out continuous

Atlantis Highlightsin Engineering, volume 7

research and testing so that this G-Bot can be
implemented properly.
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