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ABSTRACT

The main aim of the study is to design and develop a semi-automated road-painting vehicle employing
a full mechatronic approach. In the design, an electric bicycle was chosen as the prime mover to be
driven by a human operator, while a mobile platfom with the automatic painting mechanism was
mounted to produce the required paint pattern on the road. The mechanical, electrical/electronics and
computer control parts were fully integrated to operate the machine to paint a continuous white line in
the middle of the road. An Arduino microcontroller was employed to provide the complete control of
the sequence of operations of various devices through a specific computer program with the
incorporation of appropriate input and output (1/0) devices. A number of extra value-added features
were added into the system in the form of a safety lamp, digital camera with LCD screen and a
pressurised air spray paint system. The working prototype of the semi automatic on-the-road paint
system was tested in the laboratory and outdoor settings. Preliminary findings show that the machine
is capable to perform its basic task for a set of operating conditions. Further works should be done to
improve and enhance the system performance.
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1.0 INTRODUCTION

Malaysia is geared towards becoming a fully developed nation by the year 2020. Many areas begin to
open up for development to include various sectors such as residential, industrial and agriculture.
Roads are needed as a means of essential connecting medium between regions through various land
transportations, i.e., bicycle, motorcycles, cars, buses, lorries, etc. Most roads in Malaysia use asphalt-
based material (tar) as the main road surface medium to facilitate the land traffic consumers. Graphical
guidance is needed for driving on the road to ensure safety on the part of drivers and that the traffics
are properly regulated and corresponding laws enforced. The guidance comes in the form of various
road line patterns or marks that are normally identified/marked using typical manual on-the-road
painting machine. Road line painting machine is specifically created and designed to ease the process
of producing various road line marks.

Nowadays, Malaysia is still using manual road line painting machine which needs one human
operator to push the machine while at the same time, perform the painting task. This old method is
tedious, consumes a lot of operator’s energy, quite slow and usually leads to corresponding human
fatigue and boredom. To improve or overcome this condition, the concept of a semi-automatic on-the-
road painting machine is proposed in the undertaken study and expected to open up a new
development and scenario in the process of road construction in Malaysia with respect to producing an
automated and more sophisticated system that could typically and potentially enhance productivity.
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Related works on automated or semi-automated road painting devices are relatively limited and
scarce. The information on the standard road marks in Malaysia is mainly done with reference to the
Manual on Traffic Control Devices: Road Marking and Dileanation by Road Branch, Public Works
Department (JKR) Malaysia [1]. A number of designs related to the road painting machines can be
found via direct observation and patent search. They include the existing manual on-the-road paint
machine, road line, road mark item, existing product and concept of semi-automatic system. The road
line can be divided into two: road and line scenarios. For road mark item, it is divided into material
and mechanism for painting while for the existing product, a closer look at the related patents and
availability of related products in the market is made. Last but not least, the concept of semi-automatic
system, the focus is more on the controller and electronic parts.

Information on the existing road painting machine can be obtained by direct observation on the
product that is being used actively on the road. Other information could be accessed through internet
source [2]. The process of painting road marks in the existing system involved two tasks that are
accomplished separately during the painting. The first task is the use of pre-marker to draw a field
sketch in advance to avoid faulty marking. The road surface is pre-marked by a line using an auxiliary
equipment pre-marker which determines the exact position of the road that will be painted later (e.g.,
in the middle, at right or left of the road). The other task is the operator moves the cold paint or
thermoplastic machine over the pre-marked lines that have been prepared in the first step and
spray/throwing the paint onto the road surface. Most of the road marking machines have a hydraulic
guide rod to ensure the painting line is drawn accurately and in a straight line. It is useful to note that
most of the available information about paint system on the roads is extracted from the company
catalogues and the cities standards [3-6].

A patent search related to the road paint system was conducted to obtain information on various
designs that may in turn help to trigger new ideas in the design of a proposed system. In addition, it is
to instill awareness on anything or whatever works that have been done by other researchers on the
related subject of interest and also the possibility of closing any gap or persisting problem that needs
to be addressed and/or resolved. Through a patent search by finding a patent related to the project
under study, one is able to view in greater detail on the machine specifications and paint
system/mechanism that are used in the design. The patents are: Patent No. US1640776 [7], Patent No.
US1725719 [8], Patent No. US1738738 [9], Patent No. US2317288 [10], Patent No. US2515865 [11],
Patent No. US6276616 [12], Patent No. US8807459 [13], Patent No. US5209405 [14] and Patent No.
US3003704 [15].

Sangkyun et al. developed a robotic system for road lane painting [16]. The system is capable of
tracking the existing faded lane mark and performing re-painting operations on-site, so that the
dangerous and time consuming manual operations can be eliminated. An autonomous wheeled mobile
robot (WMR) has been designed and developed to perform a basic road painting task with the paint
mechanism and controller mounted on the robot platform [17]. The system is capable to perform the
task reasonably well though it is quite complicated, intricate and incurs high cost.

The proposed research contains a number of value-added features and a forthright attempt to
automate the road painting process. The semi-automatic on-the-road painting machine essentially
comprises two main parts, namely the prime mover and mobile platform with paint mechanism
mounted on it. The prime mover should be the main vehicle that is used to transport the mobile
platform with its accessories according to specific requirements such as maximum payload, speed,
types of power source/drive, types of transmission, etc. This maybe in the form of various wheeled
based systems, i.e., two-wheeled system such as bicycle and motorcycle [18] or a four wheeled system
as in car or motorised wheelchair [19]. In the study, the obvious choice of the prime mover is an
electric bicycle which apart from low cost, it is relatively easy and safe to operate. It also fulfills the
proposed minimum design requirements defined by the user. An important thing to note is that the
prime mover should be operated manually by a human operator in terms of controlling the steerability
and speed of the vehicle. The fact that the road painting task does not require high speed makes it an
attractive option.
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2.0 PAINTED ROAD MARKS

There are two main types of road mark paint systems used in Malaysia, namely, those that are based
on cold and thermoplastic paints. Cold paint is widely used in road mark painting across the world. It
has low drying speed, short lifetime of usage and is low cost. It is performed using a single unit road
marking machine, unlike the thermoplastic method. According to the marking mode, the cold paint
road marking machinery is divided into high-pressure airless type and low-pressure air spray type.
However it is dependent on the property of the paint material itself like viscosity and concentration. It
can be divided into cold solvent; cold water based and heated solvent types.

It is accepted worldwide that thermoplastic road marking is considered the more advanced type of
marking due its longer life, high reflectivity and high skid resistance. Thermoplastic road marking
paint is a solid powder at 25° C. In construction, the thermoplastic paint powders is supplied to a pre-
heater, used to melt the solid powder coating and transform it into a viscous liquid form, thereby,
guaranteed the road marking machine with a steady stream of paint supply in the process. The melting
paint is next transferred into the paint tank of the hand-push marking machine, and then the molten
coating will be conveyed into the marking container. When the marking starts, the container should be
located on the road surface and that the gap of the marking pedal controls the coating thickness.

There are three types of pavement marking, i.e., longitudinal lines, transverse lines and others
lines [1]. Longitudinal lines consist of broken or unbroken line or combination of both line in the
direction of travel. Longitudinal line such as center line, lane line, continuity line, pavement edge line,
turn line, climbing line, warning arrow and no passing zones marking. A centre line is used to
designate the centre of the travelled part of a roadway carrying traffic in both direction.

3.0 DESIGN OF THE MOBILE PLATFORM AND PAINT MECHANISM

A typical and complete engineering design process [20] is carried out in developing the system that
also employs a full mechatronic approach. The mobile platform with its painting accessories is in fact
the most important part of the design. This is where the microcomputer-based or digital controller is
located that produces the semi-automatic operation. This may come in the form of PC (personal
computer), programmable logic controller (PLC) and peripheral interface controller (PIC) or
microcontroller [21]. The controller serves to coordinate and control effectively all the data
communication of the input and output signals (i.e., 1/0 signals involving sensors, switches, actuators,
lamps, etc.) through a written computer program that is related to the various sequence of operations
related to the painting task. Note that the 1/O devices are appropriately connected through
electrical/electronic circuitry that includes appropriate power supplies to drive the electrical/electronic
components. The choice of the controller is again largely dependent on the cost factor, i.e., the lower
the better. Thus, the lowest end of the microcomputer-based controller is obviously the PIC type, i.e.,
microcontroller. However, further scrutiny should be done to select the most appropriate type; the
Arduino system is deemed to be the best in this category due to its simplicity, low cost and very
popular [22].

All the information that is acquired in the literature review is critically analysed and studied. A list
of the Product Design Specifications (PDS) or requirements for the project can be presented as
follows:

i. Economic factor, i.e., low cost
ii. Proposed system should produce a single continuous line pattern using cold white paint
iii. Road line produced should be sharp and nice
iv.  The paint system or accessories should be light, compact and manageable
v. An electric bicycle is chosen as the main prime mover
vi. Maximum load (weight) that the mobile platform could support the paint accessories: 50 kg
(excluding the weights of a human operator and bicycle)
vii.  Maximum speed of the prime mover: 10 km/h
viii.  Extra features of the proposed system:
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— Semi-automatic operation using Arduino microcontroller system
— Installation of rear camera and LCD screen to observe the real-time painting
process/task
— Mounting of a safety lamp to enable good visibility of the system during operation,
obviously for safety reason
iX.  Use rechargeable lithium-ion batteries as DC power sources
X.  Aesthetics in mobile design to include compact design
xi.  Simple in design and easy to fabricate

The prime mover and mobile platform with paint mechanism mounted on it. The detailed
description of the mobile platform with the paint accessories, particularly in relation to its complete
design process/methodology and subsequent development shall be accordingly described. Due to its
relevance and importance, the project design methodology framework is again reproduced to cover the
followings: functional analysis, morphological chart, conceptual ideas, evaluation matrix, concept
development, detail sketching and CAD model.

Functional analysis is an important activity to be carried out to realize or develop the proposed
machine. The system is designed and developed from studying and analyzing the existing product,
patent and product design specifications. In determining the systems of the machine, we are focusing
only on the mechanical based concept and not considering other aspects such as electronic component.
After studying and analyzing based on literature review, the machine consists of four sub-systems:
driver mechanism, platform, container and paint mechanism. If one of these parts is not available or
missing, then the whole machine would not work well. Morphological chart is the part to getting ideas
for the system in functional analysis. Several ideas for each of the system can be produced and
presented through brainstorming and discussion. Figure 1 shows a morphological chart for the design.

FUNCTIONAL
ANALYSIS

DRIVER
MECHANISM

PLATFORM

CLEANING
ROAD
MECHANISM

CONTAINER

PAINTING
MECHANISM

Figure 1: Morphological chart of the design
From the morphological chart, a number of conceptual ideas are presented that show the

corresponding design and sketches of the proposed system with particular emphasis on the design of
the mobile platform with its painting accessories. Then each of the conceptual idea is individually and
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rigorously analysed with specific reference to the design philosophy and criteria (specifications or
requirements) deliberately set in the proposed design. They are then evaluated based on a set of design
criteria through an evaluation matrix as shown in Table 1 that in turn will provide the scores
considering the given weightage, their distribution of which are determined to be appropriate for the
design.

Table 1: Evaluation matrix

. o . Rating* Score*

No. Selection Criteria Weightage cilc2 lca Tca el 1c2 1 ca [ca
1. | Aesthetics of body 5 4 3 2 4 |20 | 15 | 10 | 20
2. | Easy to fabricate 10 2 4 2 3 30 | 40 | 20 | 30
3. | Economic factor 10 1 4 2 3 10 | 40 | 20 | 30
4. | Sharp and nice road mark 20 4 2 4 4 | 8 | 40 | 80 | 80
5. | Safeto use 20 3 3 2 3 | 60 | 60 | 40 | 60
6. | Easy to access 10 2 3 2 3 20 | 30 | 20 | 30
7. | User friendly 5 4 3 1 4 | 20 | 15 5 20
8. | Power management 5 1 4 2 3 5 20 | 10 | 15
9. | Sustainable 5 3 3 3 3 15 | 15 | 15 | 15
10. | Line types handling 10 4 2 4 2 | 40 | 20 | 40 | 20

Total score | 300 | 295 | 260 | 320

* Rating is based on numerical values of 1 to 4 (worst to best) and the score is the product of rating and weightage, both
for the four conceptual designs (C1 to C4)

The conceptual idea which gives the highest score is deemed as the ‘best’ or ‘optimised’ design
that will eventually be chosen as the final design. Once chosen, a more detailed design shall be carried
out until a production drawing is produced for fabrication purpose. The flow of the initial ideas are
described in the following sections. Evaluation matrix is used to give the mark for each conceptual
idea (C1 to C4) presented earlier. The highest mark will be selected as the final conceptual idea that
may be further developed. Evaluation matrix consists of the selection criteria, weightage, conceptual
ideas, mark and scoring. The selection criteria are based on the product design specifications. The
weightage is fully dependent on the priority. Higher priority will be given higher weightage and the
total of all weightage for the criteria must be equal to one (100%). The mark is valued based on score
1 to 4 (worst to best) and its scoring is the product of weightage and rating. From Table 2, the highest
scoring is produced by C4 and hence it is selected as the final conceptual idea that is to be further
developed and refined. Concept development is the stage to describe further development of the final
conceptual idea (C4). The concept might be ideal in some cases and hence, at this stage, some changes
and modifications have to be done to further enhance or improve the system performance in order to
make it realisable or develop it according to the availability of parts or components and other
conditions related to fabrication and cost. There are three selection criteria in which the score for C4 is
lower than C2, i.e., easy to fabricate, economical cost and power management. The lower score is
caused by type of cleaning mechanism that is used in C2, i.e., it uses a rotary brush that consists of
only one motor and circular brush but C4 is using treadmill component that consists of two motors and
treadmill brush. Comparing one motor with two motors is enough to obtain lower score for
economical cost and power management. The criterion related to easy to fabricate is also having a
lower score because of difficulty in assembling the paint mechanism in the machine. Rotary brush
only attaches the motor vertically downward on the platform and attaches circular brush on the motor.
Treadmill brush is more difficult. Some attachments or brackets must be designed so as to mount the
motor horizontally and assembly treadmill brush needs to be sufficiently tight in tension. The
preferred container is cylindrical shape as square container typically consists of sharp edge and corner
that might trap the paint material compared to cylindrical container that is almost free from sharp
edges and corners. Furthermore, cylindrical shape has higher aesthetic value than square prism due to
the curves. Apart from the two components, there are no other changes that need to be done. A detail
sketching of C4was done to provide more information on the design that may include the parts
dimensions, mechanical and electrical systems to be procured and controller design to get to the final
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design. The detailing should strictly follows the product design specifications or requirements. Once
decided, the next step is to produce the detailed drawings using a CAD model.

The CAD model is normally the final stage before fabrication. Using Solid Works software, the
model of the proposed painting machine was built and drawn. During modelling, some necessary
modifications were done due to problems related to space, smoothness of the system and possibility
that some parts might be in collision. Figure 2 shows a CAD model of the proposed system.

10,

Figure 2: An isometric view of the CAD model of the paint platform

After getting CAD model, fabrication is performed involving some necessary modifications in the
design to simplify the fabrication. The fabrication is divided into two part; i.e., the mobile platform
and arm connector. The mobile platform serves as the place to mount all the paint mechanism and its
accessories. The arm connector functions as a physical (mechanical) link between the prime mover
(bicycle) and mobile platform. The mobile platform is made from mild steel with dimension, 500 mm
x 500 mm x 10 mm. There is a square hole located roughly in the middle of the platform, which is 200
mm X 200 mm in dimension, the main function of which is to locate the main part of the paint
mechanism, e.g., spray gun nozzle, small video camera or others. Three wheels were placed under the
platform. Two rear wheels can only move in straight while the other one in front can freely rotate
which enable the platform to make a turn if necessary, thereby may cause the platform to move in a
curve path. The arm connector provides the important link between the bicycle and mobile platform. It
is also made from mild steel and it is a combination of three items. The first item is the plate with
dimension 800 mm x 50 mm x 2 mm. This plate is bend according to a steep V shape but curve at the
bottom end to accommodate a cylindrical bar. The second component is the cylindrical with a
diameter of 16 mm diameter and 200 mm in length. This bar is welded to the first plate at the bending
curved point. The third item is a plate with dimension 200 mm x 100 cm x 5 mm. This plate contains a
hole of 20 mm diameter and is attached to the platform. The free end of the cylindrical bar is inserted
into the hole at the third plate.

The paint mechanism with its accessories is deemed as the most important section in this project.
A spray painting concept is chosen as the main paint mechanism that conveys the paint onto the road
surface. Compared with the concept that uses a slot guide casing and roller, the spray is considered a
more modern approach and it has not been used in Malaysia for on-the-road painting but widely used
in oversea countries for road line and house painting. Therefore, this concept is chosen and the fact
that this system uses compressed air to atomise the paint, it would produce the paint impression of
higher quality even though on uneven surfaces. The compressor is connected to a 12 V DC battery
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power supply. The positive terminal cable is connected to the control device. Then, once activated, the
compressor provided the compressed air through a pressure regulator. The pressure regulator will
allow the amount of air into the system. Eventually, it will go into the mini spray gun (with a nozzle).
Since the paint is gravitationally flowing downward, the paint coming out of the mini spray gun is
atomised by the compressed air. Figure 3 shows a schematic of the paint system.

L VAU

CONTRAL
DEVICE

CONMPRESSOR

PRESSURE

REGULATOR ®
- FAINT

MIMI
SPRAY
GUMN

Figure 3: Schematic of the paint system including its control

Compressed air is produced by mini compressor just like the one used in portable tyre pump. This
compressor can reach a maximum pressure of about 150 psi (10.34 bar) when pumping a tyre which is
enough for atomising the paint but when the compressor operates, it can only supply a pressure of
about 20 psi (1.38 bar) only, perhaps due to more open flow of air in the system compared to that of
tyre. The required pressurised air to atomise the paint is set by the pressure regulator. This component
range is 0250 psi (0-17.24 bar). The spray gun is the tool used to unite the paint and air by controlling
the triggered output. The paint flows gravitationally downward and is controlled by the spray gun at
the end of the tube carrying the paint. All the painting accessories are assembled on the mobile
platform as shown in Figure 4.

Figure 4: Assembled paint system on the mobile platform
It should be noted that the total weight of the complete mobile platform comprising the paint
mechanism and its components (platform, wheel, camera, safety lamp, battery and paint spray
mechanism) is not that critical due to the very fact that an electric prime mover (bicycle) is used to
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move the system; as it is, the weight of the mobile paint system is approximately 30 kg which can be
easily supported and transported by the bicycle. The other components with reference to LCD screen
and control box are firmly mounted on the handle of the bicycle. The fact that the electric bicycle is
able to accommodate an extra passenger at the back of the bicycle with a load exceeding 50 kg, the
paint mechanism with its platform and mounted devices should not pose any problem for the prime
mover to handle and operate.

4.0 SYSTEM INTEGRATION, TESTING AND EVALUATION

A complete integration and interlinking of all the hardware and software of the prototype, with
particular emphasis on the electrical circuits, development of Arduino microcontroller and related
computer programming. The extra and novel features of the developed system are first presented
followed by a more detailed description of the controller system development including the
installation of the control box at the frontal part of the prime mover (bicycle) and the related electrical
wiring (connections). A number of photograph images related to the development of the proposed
system realised and developed in the laboratory setting are presented. The complete system is in fact a
working prototype of the on-the-road painting machine that comprises two main components, namely,
the prime mover in the form of an electric bicycle (the drive mechanism) and the paint mechanism that
is mounted on the mobile platform. The testing of the complete system and evaluation of some of the
findings of the study are also presented in this chapter. The safety lamp used in the project is a yellow
safety beacon type which is widely and typically used in construction site and also on the rooftops of
big lorries and tankers. This lamp is used for high visibility and also to warn other operators
surrounding the machine about its existence (safety). This lamp is mounted on top of the mobile
platform through a support bracket near to the bicycle at a height of 1.5 m from the surface of
platform.

Figures 5 (a) and (b) show the camera and LCD screen, respectively that are used to enable the
operator to monitor closely the conditions of the line being painted under the mobile platform through
the use of a paint spray gun which faces downward towards the road surface during the drive operation
of the bicycle. The camera is mounted appropriately on the mobile platform next to the base of safety
lamp support bracket and facing down towards the spray paint that comes out from the nozzle of spray
gun. The LCD screen is attached on the instrument casing of the bicycle’s handle facing the
operator/rider.

(b)

Figure 5: (a) Camera attached below the platform and (b) LCD screen mounted on top of the
bicycle handle

The brain of the automated part of the system that does the partial decision making is the
Arduino microcontroller system. It uses the Arduino Mega card that comes with the input and output
(1/0) ports. Since this project is still in deemed developmental, only some of the ports were used
related to the 1/0O devices used in the project. Hopefully the other ports will be used full for next
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developmental project. Beside the Arduino system, other related devices used are relay SRS-12VDC-5
which is used as a switch controlled by Arduino. This section shows how the electrical parts are
interconnected through a schematic of electrical circuit as shown in Figure 6. The Arduino, relay,
electrically operated air compressor, safety lamp, camera with LCD screen are all connected to a
battery, 12 VV DC power supply. Three parts, namely, the safety lamp, compressor and LCD screen are
connected to one switch. The positive connection of the power supply for the compressor and safety
lamp is also attached to the relay that in turn is controlled by Arduino microcontroller.

+

Sf:;l’: |( |( PAINTING ‘

CAMERA (
ARDUINO

12V | | | | LCD CAMERA |4—| CAMERA |

]

l% LAMP COMPRESSOR

Figure 6: Schematic of the electrical circuit

All the control tools and instrumentation such as the switch, relay and Arduino Mega card are
assembled in one control box as can be seen in Figure 7. This control box is installed at the front part
of the bicycle.

@ (b)

Figure 7: Inside the control box: (a) complete components (b) closed-up view of the Arduino board

When the compressor is activated by switching on the Arduino controller, it will start to operate
after a delay of about 5 seconds. This delay is deliberately set to enable the operator to move the
bicycle first. The compressor will stop when Arduino controller is deactivated. In any case, as a safety
measure, if the compressor is not deactivated, it will automatically shut down after 10 minutes
continuous running. This is to prevent overheating of the compressor after 10 minutes continuous
running. Figures 8 (a) to (c) shows a flow chart of the operation sequence related to the compressor,
safety lamp and camera, respectively, of the system.
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Figure 8: Operation sequence for the (a) compressor (b) safety lamp and (c) camera

Programming is done using an open-source Arduino Software (IDE) which can be downloaded
from the Arduino website. A suitable program related to the project that includes the operation of air
compressor and safety lamp could be written based from the operation sequences of the related task as
follows:

int compPin = 13; £ relay of comp conmected to digital pin 13
int lawpPin = 14; A4 relay of safety lamp connected to digital pin 14
int ckeyPin = 15: A4 Bwitch of the comp iz connected to digital pin 15
int lkevyPin = lg; £ Gwitch of the safety lamp is connected to digital pin 1l
woid setup ()
i

pinMode {compPin, OUTPUT): A4 sets the digital pin as output

pinMode (lampPin, OUTPUT); Ff zets the digital pin as output

pinMode (ckeyPin, INTPUT): #f sets the digital pin az input

pinMode { lkeyPin, INTPUT): &4 sets the digital pin as input
}
woid loop()

i
if {ckeyPin = HIGH) {

digitalWrite (compPin, HIGH); 44 sets the Comp on
delay (5000 ; f4 waits for 5 seconds
}
else {
digitalWrite (compPin, LOW): £/ sets the Comp off

}
if (lkeyPin = HIGH) {

digitalWrite(lampPin, HIGH): A4 sets the Zafety lamp on
}
elze |
digitalWrite (lanpPin, LOW): /4 sets the safety Lamp off
}
digitalWrite (compPin, LOW): 47 sets the Comp off
delay (6000000 2 A4 time of the automatic off

'
The working prototype is realised after all the assembly tasks have been carried out in relation to

integration of two important sections, i.e., the prime mover (bicycle) and the mobile platform with the
painting accessories mounted on top of the platform as shown in Figure 9.
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Figure 9: (a) Mobile paint platform and (b) full assembly of the prototype on the road

The paint mechanism can be considered as one the most important parts in this project. Some
rough tests for the paint mechanism have been done to ensure that acceptable results can be obtained.
It is found that the system is still quite crude and subjects to further study/works to make it more
practical and feasible. In the first test, a water based paint was utilized as the ‘liquid paint’ for this
project without any mixture. During testing, there are clogging at the connecting port of the paint
storage and spray gun that cause the paint comes out in the form of many ‘spots’. The paint cannot be
atomized completely by the compressed air with a pressure of 20 psi (1.38 bar). For the second test,
clean water was used to check whether the problem is caused by the paint material or paint
mechanism. When the test is run, the compressed air is able to atomize the clean water and the
outcome is smooth spray pattern from the gun. In the third test, the paint was mixed with the clean
water with ratio 1:1 to reduce the concentration of paint. The mixture shows that it can be atomized by
the compressed air. The result is deemed reasonable and appropriate. From the rough testing procedure
carried out, it is felt that there should be an optimum ratio of paint mixture with water. The
concentration of paint shout not be too high such that the compressed air cannot atomize the paint or
too weak to the extent that the paint impression left by the paint will be very light and not clearly
visible. In the fourth test, the aim is to increase the pressure of the compressed air. When the test is run
using paint without any mixture, the pressure regulator was adjusted to have a higher compressed air.
The pressure regulator still maintains a constant pressure at 20 psi and the result still shows many
‘spots’ coming out from the spray gun. When the compressor was operated freely, the pressure of air
is still 20 psi. Thus there is a need to have a bigger power of the air compressor. The fifth test is to
adjust the nozzle size. When the test was run using paint without mixture, the pressure of the nozzle
located at the front of spray gun was manually adjusted by moving it forward and backward. The
result is still the same; the spray gun still produce many spots.

From all the tests, it can be concluded that if the paint without water mixture were to be used, a
bigger and more powerful compressor and a bigger nozzle spray gun should be acquired. When a
human operator drives or ride the electric bicycle as the prime mover of the system, a number of
problems have been discovered. The first problem is that the bicycle is not that stable if the speed is
too low, i.e., very slow operation. The operator needs to use the leg to ‘stand up’ the bicycle. The
stable condition can be achieved when the bicycle, is driven at a fast pace i.e., higher speed but at the
expense of producing poor paint outcome. The bicycle needs to be attached with additional
mechanism to stabilise, e.g., attaching third and/or fourth stabiliser wheel/tyre, just like the toddler’s
cycle. The second problem is related to the speed of the bicycle which is dependent on the how much
the operator ‘throttles’ the bicycle by squeezing and turning clockwise with hand the speed controller
at the tip of the right handle. If the operator turns the ‘throttle’ too little, then the bicycle become
unstable due to very slow speed operation. On the other hand, if the operator turns the throttle too
much, then the paint quality becomes poor due to the fact that the spray paint is not able to cover all
areas of the paint mark. In other words, the paint mark will be quite insignificant and shows a poorly
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distributed impression of the road line on the road surface. If the operator inconsistently turn the
‘throttle’, then the paint outcome will be also inconsistent. Thus, there is a need for constant speed
operation and that this speed should be optimised.

5.0 CONCLUSION

A working prototype of the semi-automatic on-the-road painting machine has been designed,
developed and tested based on a mechatronics approach in which the mechanical parts,
electrical/electronic components and computer control program were completely integrated. The prime
mover, which is the electric bicycle, is operated by a human operator while the mobile platform with
the paint accessories mounted on it, serves to provide the automatic operation of the painting process
through the use of Arduino microcontroller system that interconnects the input and output devices and
communicated digitally via the developed written computer program. It can also be said that three
novel features were successfully incorporated into the prototype, i.e., the safety lamp for visibility and
safety during operation, video camera and LCD screen for real-time monitoring of the painting task
and most important of all, the semi-automatic operation of the machine is made possible via the use of
the Arduino microcontroller system.
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