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Abstract— Floating garbage is a global problem that needs to be cleared and disposed of from the sea and rivers or canals. Mostly the
floating plastic garbage directly affects the ecology and the aquatic animals. This paper proposes to develop a low-cost auto robot from
waste materials in the household, school, or agriculture, then combines with the Internet of Things technology and focusing on the
power energy saving with the highest accuracy in operation of floating garbage collection. ESP32 development kit board is the primary
controller with a camera module and ultrasonic sensor for detecting the floating garbage while moving on the water’s surface in the
boundary of the specified area, including the small canal, rectangle area, and no rectangle area. The mixed mode is a new method to
define the shortest one-way path using a fast approximate nearest neighbor search for the auto robot to detect and collect the floating
garbage on the water surface. It was combined between the stationary and the cover model. The mixed mode can eliminate the blind
spot area that occurs when using the stationary mode and cover mode. As a result, the auto robot system’s accuracy in mixed mode is
98.3%. It was found that the development of the shortest one-way path for the auto robot collecting floating garbage by mixed mode
provides the highest efficiency in detecting floating garbage and also helps to save overall costs, and the resource consumption is nearly
half of cover mode consumption.
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dissolved oxygen diffusion through the air and the water
I. INTRODUCTION surface directly at a depth of less than a millimeter [3]. It will
reduce the contact of water surface and obscure the
photosynthesis of some plants underwater. The greater the
volume of floating waste, it causes to decrease in the
efficiency of dissolved oxygen and water quality for aquatic
life. Also, floating debris affects water activities, for example,
water traffic by boats, fishing, or casting a net in the villagers’
culture. It also results in slower drainage, which can lead to
flood problems [4].

For long-term problems, floating plastic garbage
discharges the organic volatiles and non-volatile compounds
it becomes carbon monoxide and carbon dioxide [5]. These
plastics generate the dissolved organic carbon (DOC), which
is food for bacteria that affect the microbes to stop growing
[6]. Especially in places where sunlight is not accessible,
these bacteria will grow and eventually lead to wastewater [5].
Plastics are difficult to biodegrade but can break down into
smaller pieces such as mesoplastic [7], microplastic, nano

Today, most products containing plastic and polymer
components. Becoming more waste and an international issue,
particularly in different water sources, plastics are not
recycled but are left in various ecosystems. For example, in
the ocean study, over 150 million tons of waste from plastics
found to be deposited onto the sea by consumers totaling eight
million tons per year [1]. Some marine animals ingest these
plastics because they mistake the plastic debris is shaped like
some marine animals or food. Every year, there are many
aquatic animals die, such as sea turtles, whales, seals, and
seabirds, because of plastic waste pollution [2]. The floating
garbage includes plastics, plastic polymers, textiles, foams,
glass, and some metal-based wastes, as in Figure 1. This
floating garbage continued to create problems both in the
short and long term if not urgently addressed. In the short-
term problems, floating garbage affects the amount of
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plastic [6], [8] as plastic debris, which is challenging to detect,
monitor, and collect later. This plastic debris can spread from
the river to the sea; it affects the coastal ecosystem until the
sea and ocean, as mention previously. Moreover, floating
garbage also affects the visibility and tourism industry and
wastes the budget for managing and solving environmental
problems that will follow in the future. Therefore,
collaborating to eliminate plastic waste floating in the water
is considered to help aquatic animals, aquatic ecosystems and
help reduce pollution problems.

Fig. 1 The plastic waste floating on the water surface

Nowadays, many new technologies can be applied to
benefit the ecosystem, especially the Internet of Things (IoT)
technology. The technology has been designed and
manufactured to be versatile and can be quickly developed at
a low-cost. Therefore, the application of modern technology,
together with environmental conservation, is a way to help the
world to exist under an ecosystem that requires support,
monitoring and management with IoT-based [9]-[14]. For
example, IoT was conducted to monitoring the water quality
such as temperature, pH, and dissolved oxygen in the river
[15], [16], lake [17], seawater, domestic stored water in real-
time [18], [19] or aquarium system [20], [21]. Besides, IoT
can help the user to manage the water by using advanced
communication technology such as General Packet Radio
Service (GPRS) [22], Global System for Mobile
communication (GSM), and Wi-Fi communication in
wireless networking technology. Even if integrated with
social media such as LINE [23], it will make it more powerful
and helps to attract more users and usefulness. LINE has some
features to send or alert messages to LINE users by using the
application LINE Notify application program interfaces [24],
which has libraries that can be run through IoT devices. This
feature is a favorite for the application that requires the LINE
alert message in real-time monitoring [20]. There are over 44
million LINE users in Thailand, which accounts for 78
percent of mobile internet users [25].

Several forms of the system for handling the floating
garbage problem have been developed. Most of them have
used stationary such as litter traps [26], [27] or operated
remotely [28], which does not allow the robot to operate and
move around the water area on its own. According to Abrams
[29], the robot can collect waste and track aquatic animals in
the water, but it requires humans to control it. Furthermore,
the automatic robot system helps clean up plastic wastes at
fifty thousand kilograms per day in India and alerts the worker
when the bin is full [30]. The Great Pacific Garbage Patch
(GPGP) [31] was developed as a vast trawl and used to collect
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the ocean’s debris, but some organisms can be trapped in the
trawl is not suitable for small-scale water areas. Some studies
found the method to control the robot movement and pathway.
For example, the genetic algorithm is used to building up the
robot pathfinding [32], and the zigzag path was applied for
robot movement to cover all areas [33], [34], which is mostly
the way the robots move on the ground [35]-[40]. Some
sensors such as ultrasonic, passive infrared, and camera are
used to process object detection [41], [42]. An automated
robot developed by Nuanmeesri [43] can detect floating
garbage, but there are blind spots in the corner of the pool’s
edge. Therefore, this research aims to develop a low-cost auto
robot collecting the floating garbage by focusing on the
shortest one-way path to save power consumption and other
costs with the highest management efficiency.

II. MATERIALS AND METHOD

In the development of an automated robot for floating
plastic garbage collection, with the emphasis on designing
robots to set waste collection routes that save energy, but the
roll covers the working area. There are many steps for
development as follows:

A. Robot Structure Design

The most crucial thing in robot design in this work is the
use of waste materials that are left in the household or from
various activities that are materials that are lightweight and
can float on water as the main components of the robot
structural, which has the following components:

1) Robot Base: Four 5-liters bottles of drinking water used
to build the robot base. It has properties like buoyancy to
support structures and other components floating above the
water surface. Two water bottles on each side are assembled
to support the other that will be installed on top.

2) Robot Controller Zone: This component is used to
install all IoT controller devices such as microcontroller board,
battery pack, camera, and ultrasonic sensor. The central robot
controller zone is made from cartons or cardboards for
packing household appliances such as television, refrigerators,
and washing machines. Containers or cardboard were re-build
into a customized and wrapped box with waterproof tape to
prevent wet or moisture.

3) Garbage Bin: The garbage bin consists of plastic grates
found in gardens or agriculture. It is shaped into a square box
with a single front side that is open for garbage floating along
the water into a garbage bin. This component is airy, making
it easy to see and lightweight, waterproof as well.

4) Paddles: 1t is made from the future board that is found
in the school or advertising board. It is used to drive and move
the robot in any direction.

5) Garbage Picker: It is made up of a future board that
pushes or grabs the floating garbage on surface water into the
trash.

The robot structure is designed as a top view, front view,
and side view; it can be illustrated in Figure 2.
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Fig. 2 The robot structure design for collecting floating garbage

B. Internet of Things Design

According to Figure 2(c), the robot controller zone consists
of electronic devices by using IoT technology. Only the robot
paddle, two motors to drive a robot are excluding from the
robot controller zone. All IoT devices and sensors were
described as follows:

1) ESP32 DevKitC Board: The development kit board is
the central control unit for the auto robot. ESP32-series ships
are designed for mobile devices and IoT applications with
feature ultra-low-power consumption [44]. ESP32-WROOM-
32 ship was used in this work. It has 38 pins for input and
output, both digital and analog signals. The central processor
can operate at speed up to 240 megahertz. The Wi-Fi module
is included on this board, connecting to the wireless
networking up to 150 megabits per second.

2) Two Brushed Direct Current (DC) Geared Motors:
Both of these motors are used to support the robot to move in
all directions. It serves to rotate the paddle in both clockwise
and counterclockwise directions. The brushed DC geared
motor is a motor with low speed but high torque that can be
easier to bring the robot together with the collected waste.

3) Motor Drive Module (L298N): This module controls
both motors’ operation above to control the direction of the
robot’s movement.

4) Single Brushed DC Geared Motor: 1t is a motor with a
slight speed for acting in the garbage picker to grab or push
the garbage floating in the front of the robot into the garbage
bin.

5) 12Volts-Single Channel Relay: 1t controls the motor
that is a garbage picker to operate when floating waste is
detected.

6) Ultrasonic Sensor Module (HC-SR04): 1t is a sensor
that uses sound waves to measure the distance between
objects far away with a working range between 0.02 to 4
meters. It serves to detect objects that float on the water
surface and the edge of the pool.
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7) Camera Module (OV2640): This module is for
photographing objects that robots have detected with an
ultrasonic sensor for sending images to process objects or
sending messages to users as well.

8) Micro Servo (SG90): 1t is responsible for controlling
the vertical angle view of the camera. It can track the objects
that are floating until garbage has been collected.

9) Lithium-Ion Batteries and Battery Pack: 1t is the power
source for the processor within the controller zone and all
activities used in the robot’s operations. This battery pack
consists of 24 cells of rechargeable battery in series 18650
with a current of 3.4 Amperes (A) and a voltage of 3.7 Volts
(V) capacities for each cell. The final electric current of 27.2A
and 11.1V can support 12V of Internet of Things devices by
connecting each cell in series and parallel.

The power consumption of IoT devices used to construct
the robot was shown in Table I, and the IoT design can
illustrate in Figure 3.

TABLEI
THE POWER CONSUMPTION OF IOT DEVICES AND SENSORS FOR THE AUTO
ROBOT COLLECTING FLOATING GARBAGE

IoT devices and sensors Voltage Power
V) consumption
(mA)

ESP32 DevKitC (no WiFi 3.6 50

operation) at 240 MHz

ESP32 DevKitC (WiFi operation) 3.6 130 to 230

at 240 MHz

Two brushed DC geared motors 12 0.5833

Motor drive module (L298N) 12 36

Single brushed DC geared motor 12 0.0325

12V-Single channel relay 12 0.0375

Ultrasonic sensor module (HC- 5 15

SR04)

Camera module (OV2640) 3.3 0.0424
Floating Garbage Social Media
Detector Modufe
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Fig. 3 The IoT and sensors devices used to construct the robot



C. Shortest One-Way Path of Energy Saving

According to Nuanmeesri [43], there are two modes of
robot operation: stationary and cover modes. Both modes can
be illustrated in Figure 4.
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Fig. 4 The robot operation in stationary mode and cover mode

This research designed a robot walking path by combining
both modes. This method was called the mixed mode. The
ultrasonic sensor can operate to detect an object in the
distance range of 2 to 400 centimeters. In this work, the
researchers control the effectual distance range that does not
exceed 300 centimeters that ultrasonic sensors can detect an
object.

Considering Figure 4(a), the stationary mode can cover the
area in 36 square meters, which is the robot standing by and
waiting for the floating garbage move followed by the water
flow. This work, the robot dimension, is 100x100 centimeters.
The researchers adjusted the area for the robot to detect
floating debris by specifying the area with a half-size robot
combined with the distance that ultrasonic can detect.
Resulting in a new coverage area equal to 49 square meters
calculated in (1) and (2).

2
w
Dnew — robot +D
2 sensor

A =D?

new new

(D

2

Where:

D, refers to the new distance the reach to detect an object
floating on the water surface.

Ajew refers to the new coverage area of the robot.

Wiobor refers to the width of the robot dimension (100
centimeters).

Dyensor refers to ultrasonic sensor distance detection (300
centimeters).

For the mixed mode, the shortest one-way path is applied
to cover all new coverage areas. The robot works by moves
forward to each new coverage area, then rotates left by itself
a total of 12 times to cover the area in 360 degrees within 49
square meters. Each rotation covers an area in 30 degrees.
However, a few areas do not detect a sensor; it was called the
blind spot area. These blind spot areas are shown in Figure 5.
The blind spot areas are eliminated by the robot move forward
in a half-distance of coverage area then rotates twice times on
the right-hand side of the robot to detect the floating garbage
at the blind spot area right-hand side. After that, turn the robot
around 180 degrees to detect an object on the lefi-hand side
by rotating twice. When finished, it will move forward to
enter the new coverage area that is next. The robot operation
for blind spot area elimination is shown in Figure 6.
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Fig. 5 The blind spot areas when the robot rotates 360 degrees
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Fig. 6 The blind spot areas eliminated strategy in mixed mode.

When comparing the cover mode and the mixed mode in
this work design, it can calculate the energy or power



consumption and the total distance for moving the robot to
cover all target areas. For cover mode, the total distance can
calculate in (3).

A

total

5 €)

robot

Where:

Dyt refers to the total distance that robot movement all
cover areas.

Aot refers to the entire area in the pool reserved for robot
operation.

D00 refers to arobot's dimension, the robot width multiply
by robot height (from top view).

For the robot operation in mixed mode, according to a new
distance Dyey in (1), which is the width of the robot plus the
distance of the ultrasonic sensor can be reached. Thus, Dew
instead of D;s0, the total distance D;o; can calculate in (4).

(4)

For example, the pool's total area is 1,000 square meters,
and the dimension of the robot is 1x1 meters. The total
distance calculates in (3) for cover mode; it is 1,000 square
meters divided by a square meter, the 1,000 times of robot
movement in cover mode. In contrast, the total distance in a
mixed mode calculates in (1) and (4). It is 1,000 square meters
divided by 49 square meters. The result is 20.41, meaning that
the robot moves 21 times to cover all areas in a pool. This
mixed mode reduces 97.9% of the distance to move the robot.

— total
D

new

D,

total

D. System Development

Arduino IDE version 1.8.13 is used to develop the system
for control the robot for movement, garbage detection,
grabbing, and internet communication. This system was
developed and loaded into the ESP32 DevKitC board. During
floating garbage detection, the ultrasonic sensor will be
detecting an object on the water surface. If an object is found,
it will activate the camera for a snapshot image then send it to
the central server. The web application programming
interface (API) was developed and installed at the central
server based on Python version 3.6.5. Three thousand images
were used in the training process for floating garbage
classification. This server will process the image to classify
the object, which is garbage or not, by using the fast
Approximate Nearest Neighbor search algorithm [45], [46],
[47], [48], [49], [50] with low power consumption [51]. Fast
Approximate Nearest Neighbor search can determine the
suitable configuration for hierarchical k-means trees and the
randomized K-Dimensional trees [52], [53], [54] under the k-
NN protocol [55]. The overall cost can be computed in (5)
[45].

t,+t,b
St=—5—"—+4m r
(, +t,b) "

opt

)

Where:

t, refers to the searching time in the image dataset.

t, refers to the building time weight.

b refers to the tree building time.

m,, refers to the memory weight.

r refers to the ratio of the memory used for the tree to store
the data.

(ts+tub)op: refers to the optimum time cost.

461

The FLANN library in OpenCV was used to train these
images and classify the plastic floating garbage on the water
surface by applying the region of interest of the garbage
images.

An example of source code for the robot working system is
shown in Figure 7, and the web API for classifying the
floating garbage on the central server is shown in Figure 8.

@ Floating_Garbage_Collecting | Arduino 1.8.13 - a b4
File Edit Sketch Tools Help

Floating_Garbags_Collecting

loop () {
object_range = read_ultrasonic_sensor();

£ (object - bot_width)) {

& object_range <= (cover_range

// Found canal

bot_key = random_key (bot_id);

image = capture_image();

result = sendImage2Server (api_key, bot_key, bot_id,
lay (3000) ;

if (result == 1)(
Line_notify msg(
bot_move_forward,

area_id, image);

grab it

collecting_garba

Line_notify msg("g

bot_move_backward (object_range) ;
ielay (1000) ;

an) ;
'

if (rotate_count < round(360/deg)){ // default deg = 30
rotate_count = rotate_count + 1;
bot_rotate (deg) ;

) else {
rotate_count = 0;

found_edge = edge_detection();
if (found_edge) {
dir = get_direction(); // find bot
bot_rotate (toggle_direction(dir)); //
}
found_edge = bot_move_forward_while_detect_edge (cover_range);
}
elay(2000) ;
] v
< >

Fig. 7 An example of coding of main loop function on the robot

g': result})
password="root", database="garbage")

* %(bot_id, bot_key)

nam
app. port=se00)

Fig. 8 An example of coding of the web API on the central server

If an object is a plastic floating garbage, such as a bottle,
the garbage picker will activate to grab and push the garbage
into the bin. Finally, The ESP32 will send the message to
LINE Notify, a free mobile application on social media for the
system manager or garbageman, shown in Figure 9.
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Fig. 9 The alert message from the robot to LINE Notify application

E. System Evaluation

This auto robot collecting floating garbage system was
evaluated in terms of system efficiency and energy saving by
comparing it in three modes: stationary mode, cover mode,
and mixed mode. All evaluations were tested in three kinds of
pool and canal, which is a low speed of water flow. The first
kind is the small canal that is not too wide (6.5x50 meters for
width and length, respectively). The second kind is a pool that
is formed in a rectangle area with 16x30 meters dimensional.
The last kind is the non-rectangle area in 560 square meters.
The floating objects were set randomly, both garbage and no
garbage, which are the same amount of floating objects. This
system is tested in a closed system. At the end of the
evaluation, we check the remaining power source of a battery
pack installed on the robot.

III. RESULTS AND DISCUSSION

In this experiment, the robot was installed, tested, and
evaluated in a closed system with a maximum robot operation
time limit of 180 minutes. The researchers define A1, A2, and
A3 are the small canal, rectangle area, and no rectangle area,
respectively. Moreover, the robot operation modes are
defined as S, C, and M for stationary mode, cover mode, and
mixed mode, respectively. The results of the system
evaluation shown in Table II.

TABLEII
THE RESULT OF THE SYSTEM EVALUATION OF ROBOT COLLECTING
FLOATING GARBAGE IN THREE MODE

Term of Results of the system evaluation
evaluation Al (6.5x50) A2 (16x30) A3

S € MS €C MS C M
Total area 325 325 325 480 480 480 560 560 560
(square meters)
Operation time 8 77 44 180 95 53 180 117 68
(minutes)
Power 352 514 229 431 69.5 38.0 404 859 457
consumption (%
of current
maximum at
27.2A,11.1V)
Robot walking 165 352 137 53 495 269 26 614 314
distance in real-
world (meters)
Floating garbage 12 4 0 92 6 1 9% 8 2

remaining (%)
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According to Table II, the mixed mode consumes all
resources less than other modes. For mixed mode, it takes 44,
53, and 68 minutes for the small canal, rectangle area, and no
rectangle area in the term of the operation time, respectively.
The power consumption consumes 22.9%, 38.0%, and 45.7%
of a battery pack for the small canal, rectangle area, and no
rectangle area, respectively. The robot walking distance in the
real-world moves on the water surface at 137, 269, and 314
meters for the small canal, rectangle area, and no rectangle
area, respectively. Last, the floating garbage remaining,
mixed mode remains a few floating garbage in the testing area.
When comparing the cover mode and mixed-mode, mixed
mode resource consumption is nearly half of cover mode
consumption. For the system efficiency evaluation, the results
show in Table II1.

TABLE III
THE EFFICIENCY OF ROBOT COLLECTING FLOATING GARBAGE IN
THREE MODE
Indicators Accuracy (%)
S C M

Floating object detection 89.5 98.2 99.1
Floating garbage classification 92.5 92.5 92.5
Floating garbage collecting 100.0 100.0 100.0
Movement cover area defined 90.0 99.2 100.0
Messaging to social media 100.0 100.0 100.0
Average mean 94.4 98.0 98.3

According to Table III, the mixed mode has an accuracy
higher than stationary and cover mode in terms of floating
object detection and movement cover area defined. For the
movement cover area defined, the robot can cover all areas by
100%. Overall, the average mean, mixed mode accuracy at
98.3%, is higher than other modes. The stationary mode
results will reduce the floating object detection efficiency
when the area is more comprehensive or increased. This mode
will not move continuously like other modes, which will
move in the radius that is at the beginning, which is suitable
for the case of water flowing through the robot that is
responsible for monitoring or detecting objects that float into
the specified radius only.

IV. CONCLUSION

The low-cost auto robot collecting the floating garbage, it
constructed by waste materials found in household, school, or
agriculture. When it combines with the IoT technology, it is
useful to help the ecology. This work, the auto robot system,
was developed in Arduino and Python for improving the
plastic floating garbage detection and collection using Fast
Approximate Nearest Neighbor search. The mixed mode is a
new method for the shortest one-way path to save the cost of
time and power consumption. In the same way, when tested
and compared with other modes, it was found that this mode
was more efficient in collecting floating garbage than other
modes. As a result, the accuracy of the auto robot system in
mixed mode is 98.3%. It can be said that the development of
the shortest one-way path for the auto robot collecting floating
garbage by mixed mode provides the highest efficiency in
detecting floating debris and also helps to save overall costs.

For further research, the researchers will develop the
application in the segmented workspace controls or limit the
collaboration area’s scope with other robots to cover wide
areas and prevent overlapping work areas. It will also develop



automatic work schedules, including notification if the trash
is full and calculating the amount of remaining battery power
for the robot to return to its starting point, or to a resting point
for charging, or as a littering point. Besides, there must be
compensation for the robot’s movement on the water flow
using the global positioning system (GPS) to recognize where
the robot will be moving,.
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