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ABSTRAK

Secara umumnya, kajian ini telah dijalankan pada pemprosesan Gula Melaka di
Industri Kecil dan Sederhana (IKS). Penghasilan Gula Melaka secara keseluruhannya
masih menggunakan kaedah tradisional dimana setiap proses dijalankan secara manual
dan memerlukan tenaga buruh serta pengalaman yang mendalam. Setelah kajian dibuat,
beberapa masalah yang dihadapi oleh pihak pengurusan dapat dikenalpasti. Antara
pernyataan masalah tersebut adalah pengawalan suhu dimana penghasilan secara manual
bergantung pada kelikatan cecair dalam proses tersebut. Di samping itu juga, masalah
juga timbul dalam mencapai kuantiti yang diperlukan. Oleh kerana itu, sistem kawalan
secara automatik diusulkan sebagai pendekatan untuk penambahbaikan sistem produksi
Gula Melaka. Tambahan lagi, sistem kawalan ini membantu dalam mengurangkan
tenaga pekerja disamping memudahkan dalam pengawalan suhu dan juga pergerakan
pengacau sama ada dalam pergerakan perlahan ataupun laju tanpa mengubah kualiti
tekstur Gula Melaka. Cadangan yang diusulkan ini mengambil kira penggunaan elektrik
dan pengesan suhu ketika proses memasak. Sistem pengawalan automatik ini juga

adalah mesra pengguna dan mempunyai factor keselamatan yang tinggi.
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ABSTRACT

Generally, this research was being conducted in Gula Melaka production in
Industri Kecil Dan Sederhana (IKS) company. Gula Melaka production overall still use
the traditional methods where every process is carried out manually, which required
labor force and need an expert. After doing some research, the problems that
encountered in production management has been identified. The problem is where
temperature regulation production manually depends on liquid viscosity. At the same
time, the problem also occurs in achieving quantity needed. Therefore, automatic control
system has been proposed as it will give some improvement to Gula Melaka production
system. Furthermore, this control system helps to reduce labor mankind, besides it will
ease the temperature control in the cooking process. Also, it can control the mixer
speeds, whether in slow or fast progress whereas not change the quality of Gula Melaka.
This idea is using the electric and temperature detector during the cooking process. This

automatic control system is also user friendly and has high in factor of safety.



vii

TABLE OF CONTENTS
CHAPTER TITLE PAGE
SUPERVISOR DECLARATION ......cooiiiiiiie ettt eevtee e tee e e -
DECLARATION........ooiiiiiieeee ettt et e sse e e eneeneeenes ii
DEDICATION ... .ottt ettt e e et e e e e saee e s e staeeesensaeeesnnnsneeeanns iii
ACKNOWLEDGEMENT ...ttt e e svae e e s eeaaee e v
ABSTRAK ...ttt ettt n e ae e vi
ABSTRACT ...ttt ettt et e e s saesseenaeensenseenes v
TABLE OF CONTENTS......oooiiieeeteee et vii
LIST OF TABLES ..ottt xi
LIST OF FIGURES ..ottt xii
LIST OF NOMENCLATURE ........ccooiiiiiieeeeceeeeeeee e Xiv
LIST OF APPENDIX ......ooooiiiiiiiiieeeeeee ettt XV
CHAPTER T ..ottt ettt ettt ettt sae st e st ensensensenneenens 1
1.0 INTRODUCTION. ..ottt ettt sttt ssesae e 1
1.1 Background Sty ........c.oooieiiiiiieiiieiee e 1

1.2 Problem STALEIMENT ......eeeeeeeee e e e e e e e e e e e e e e e e e e e e e e aeaeeeaeaaas 2



1.3 ODBJECtiVE O PIOJECLE ..eevvieiiieeiiieiieeie ettt ettt ettt saae e eee 2

1.4 SCOPE OF STUAY .oevviiiieeiiieiiece ettt ettt eeae e ee 3

1.5 Organization of The ThesiS .......cccccierieriiiiiieeiieieeie e 3
CHAPTER 2 ...ttt ettt ettt et e sae st e b e e nseeneenaeenseeneans 4
2.0 LITERATURE REVIEW.......cooiiiiiiiiiieeee ettt 4
2.1 SMI on Gula Melaka Production ...........ccccecceeiirieneniienienieieeeeee e 4

2.2 Gula Melaka Manufacturing ProCess .........cccoecvveriieiiienieeieenieeieeseeeiee e 5

2.2.1 Process Of COOKING .....cccveeiieriiiiiieiieeieerie ettt eve e 5

2.2.2 Process Of POUIING ....cccueieiiiieiiieeiieeeeeee e 5

2.2.3 Process Of COOlING ......coouiieiiiiiiiiieiieeeee et 6

2.2.4 Process of Packaging .........cccoevviveiiiieiiieeieeceeeeeee e 6

2.3 Microcontroller APPlICAtION ........cccuevuerieriiriiriinieieeere et 6

23 1 PLOC e 7

2.3.2 Arduino MEEA .....cccvvieiiiieiieeiee e 7

2.4 Sensor CONLIOIIET .......ccuieiiiiiiieiieee ettt et 8

2.5 Electric APPIICAION .....cccueieiiiieiiie ettt ettt eeaee e 9

2.5.1 ELeCtric HEALETS ...c..eevviiiiriiiieeieciteieeertetee e 9

CHAPTER 3 ...ttt sttt et sttt et st nae e 10
3.0 METHODOLOGY ...ttt sttt 10
3.1 MICTOCONITOLIELS ..ttt ettt 10

3.1.1 Programming Control ............cceoieeiiieriieniiieiieeie et 11

3.1.2 ATAUINO SOTEWATE ... e e e e eeaeaeeeeeaeaens 11



X

3.2 RTD TREIMISTOT ....c.eeeiieniieiietieieeitesttee ettt sttt 12
3.3 Temperature and Speed Control Circuit ..........cocceeveeeieinieniiieienieeieeeiens 12
314 OVEIVIEW ..ttt ettt ettt ettt st s bttt et sb et st e bt et e e st e nbeenee 12
34T PRASE 1 oo et 13
342 PRASE 2 oo et 14
R B o 1 T2 T SRS 15
344 PRASE 4 ..o et 16

3.5 FIOW CRATT ..ot ettt et 16
CHAPTER 4 ..ottt sttt et st be et st enaeenees 19
4.0 ANALYSIS DATA AND CONCEPTUAL DESIGN ........cccoooiiiiiieieie, 19
4.1 INErOAUCTION ..eiiiieiiieiieeiie ettt ettt et et esaee e ees 19
4.2 Conceptual Design of The SyStem ........cccccueeviiiiiinieiiieieeeee e 20
4.2.1 Brainstorming ProCESS ..........coceevieviirieneniienieieeceeenese e 20
4.2.2 Gather General Ideas and Material Research ............ccoccoociiiininnn. 21
4.2.2.1 Metal BOX..ouioiiiiiiieiieeieetee e 22

4.2.2.2 Power SUpply 12V ..ot 23

4.2.2.3 Solid State Relays (SSR).....coovvveeviiieiieeeeeeece e 23

4.2.2.4 Thermocouple Type K and MAX667S5 .......cccoceevevieneenennns 24

4.2.2.5 Ceramic HEater .......cceovuiiiiiiiiiiiiiieeeeeeeeee e 26

4.2.2.6 TEFT LCD ..ottt 26

4.2.2.77 CIICUIL..eeetienieeeeeieeie ettt ettt te st et eneeseeenseeneens 27

4.2.2.8 Arduino Program..........cccoecueeviieiienieeiienie e 28



4.3 House of Quality (HOQ) ..c.eoviieiiieeiieieeieeiteee e 29
CHAPTER S ...ttt ettt sttt et e s st e st e tesneenaeeneas 31
5.0 RESULT AND DISCUSSION.......oooiiiiiteietee ettt 31

R B 013 (06 L1 (o150 ) o RSP S 31

5.2 Prototype of the System Gula Melaka ........cccccociviiiiniiniininniiniciecicen 31

5.3 Discussion of the EXPeriment ...........cccccceeeuieriieeiiienieiieeniiesie e eiee e 32
CHAPTER 6 ...ttt sttt e e e teenseeneenaeeneas 35
6.0 CONCLUSION AND RECOMMENDATION .......cccooiiiiiiieieeeeeeeeee 35

6.1 CONCIUSION ...viiiiiiieiiiieciiee ettt et e e sae e et e e e etreeeaaeeensaeeessaeesaseeennns 35

6.2 ReCOMMENAATION .....eieniiiiiieiieeieeieeee ettt ettt et et ens 36

REFERENCES .......cc.oo ottt et be e saeennees 37

BIBIOGRAPHY ......oooiiiiiiieeeeeeee ettt et ve e saeenneas 40

APPENDIX ...t ettt ettt e eee 41

SPECIAL THANKS ... 62



TABLE

Table 3.1

Table 4.1

LIST OF TABLES

TITLE

Temperature data for Cooking Process of Gula Melaka

House of Quality and its Indicator ............cccccvveevreennnenn.

xi

PAGE



FIGURE

Figure 1.1
Figure 2.1
Figure 2.2
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6

Figure 5.1

xii

LIST OF FIGURES

TITLE PAGE
Palm Sugar a.k.a Gula Melaka...........ccccocieviniininiininiicccee 2
Programming Logic Controller (PLC) .......cccooiiviiiiniiiniiiiniicciceieee 7
ATAUINO MEZA ...ttt e 8
Arduino 1.06 SOFIWATE .......cccuieiiiiiiiiiieeiiee e 11
The Methodology IUStration ............cccceeeeveeiinieneinenienececeseeeeen 13
Graph of Temperature versus Time cooking process ......c...cccceeveveeenuennee. 15
The flow chart of methodology FYP 1 ..c.cooiiiiiiiiiiiieee, 17
The flow chart of methodology for FYP 2.....c.coooiiiiiiiiieeees 18
Design Process to Generate Conceptual Design ..........cccveeeeieenciieenneens 20
Circuit Designed DIagram ..........cccccecveeiiieeiiieeiiee e eeeeeevee e 21
Solid State Relay.......ccocvieeiiiieiieeieeceeee e 24
Thermocouple Type K Wire .......cccceeveveieiiieeiiie e 25
MAXO6TS5 AMPITIET....cocvieiiiiieiieeee et 25
TFT LCD for Arduino Mega .........ccccvveeiiiieiiieeiee e 21

Electronic Diagram of the SyStem ..........cccceevieeiiienieiiiieeieeeeeie e 32



Figure 5.2

Figure 5.3
Figure 5.4
Figure 3.4
Figure 3.5
Figure 3.6

Figure 5.5

xiii

Prototype Box Controller...........cccueeiieniiiiiienieeiierie e 33
The Box Controller connected with Prototype cooker............ccccveeeuneennn. 33
The data displayed on TFT LCD .....cooooiiiieiiieeieeeeeeeeeeeeee e 34
Flowchart for PSM ©....coooiiiiiiiiiieieeeeeeeee e 41
Gantt Chart for PSM 1 .....ooiiiiiiieeeee e 43
Gantt Chart for PSM 2 ..ot 44
Coding DIagram ........cc.cocuerierieriinieieeieetee et 46



AC
DC
FYP
IKS
LCD
PCB
PLC
PWM
RTD
SMI
SMIDEC
SSR
USB

LIST OF NOMENCLATURE

Alteranting Current

Direct Current

Final Year Project

Industri Kecil Dan Sederhana
Liquid Crystal Display

Printed Circuit Board
Programmable Logic Controller
Pulse Width Modulation
Resistance Temperature Detectors
Small and Medium Indutry
Perbadanan Pembangunan Industri Kecil dan Sederhana
Solid State Relays

Universal Serial Bus

Xiv



XV

LIST OF APPENDIX
APPENDIX A : Flow Chart of Research Activity
APPENDIX B : Gantt Chart of Research Activity
APPENDIX C : Coding Diagram

Coding For Temperature Heater and Stirrer



CHAPTER 1

INTRODUCTION

This chapter, provides the project background which is entitled “Design and Testing
of Automation Control for Palm Sugar Production System Using Arduino.” The

problem statement, objectives and scope of this project are included.

1.1 BACKGROUND STUDY

Palm sugar is an organic sweetener with many benefits used interchangeably
on a daily basis, whether as enhancers in cooking, baking or eaten directly. Palm
sugar is well known in Asian and it's known as Gur in India, Jaggery in Sri Lanka,
Gula Melaka in Malaysia or Gula Jawa in Indonesia. In Malaysia, palm sugar is also
known as Gula Melaka that is produced traditionally from either coconut tree, Nipa

palm, or also a Palmyra tree (Phaichamnan, 2010).

The Gula Melaka is made from fresh sweet palm juice called Neera. The
process goes by tapping of the sweet, watery drips nectar from the palm tree buds
that flows when the inflorescence. But the first thing is palm tree buds must be gently
beaten with a mallet for a few days said (Karupatti, 2011). The small slice is then
taken off at the end and the gourd is hung close to the cut. The sap is collected and to
concentrate the nectar into solid it then was traditionally boiled down in huge woks.
The syrup slowly evaporated and then stirred until a sticky sugar remains. This sugar

can be extremely dense and very sticky even when it is soft. The sticky sugar is then



poured into bamboo sections or molds to form shapes. Mostly Gula Melaka is sold in

cylinders as in Figure 1.1, block, rounded cakes or glass jars.

Figure 1.1: Palm sugar a.k.a Gula Melaka
(Gula Melaka: Cooking with Asian ingredients at home, 2011)

1.2 PROBLEM STATEMENT

Currently, the industry of Gula Melaka still relies heavily on manpower to
fully operate the production system (Safwan, 2010). Automation control system can
greatly help improve this situation by preserving the quality, besides it can fulfill the
production requirement. Arduino is a common control technique in industrial but yet
requires the better understanding to actually fully operate it in a production system.
Thus, the skilled and knowledge in Arduino is needed to improve the production

system of Gula Melaka which still produced in the traditional way.

1.3 OBJECTIVE OF THE PROJECT

The objectives of the project are:

1. To study and design control system using Arduino.

2. To develop automation control using Arduino in improving the
production system of Gula Melaka.

3. To test the process as it is controlled using the Arduino code.



14 SCOPE OF STUDY

The scopes of this project are:
e To diagnose and improve the problem of the Gula Melaka production
system.

e To use a common control tool such as Arduino.

1.5 ORGANIZATION OF THE THESIS

The remainder of this thesis is will be as follows. Chapter 2 covers the Gula
Melaka production process. Chapter 3 touches methodology used that include the
hardware and softwares getting up and programming. Chapter 4 discuss of a data
analysis through the circuit design prototype while chapter 5 presents the results as

this scheme is tested.



CHAPTER 2

LITERATURE REVIEW

In this chapter, it will briefly explain about Gula Melaka manufacturing process. It is
also covers the overview about the control choices that are available. The review

about analysis of control system also included.

2.1 SMALL AND MEDIUM INDUSTRY (SMI) GULA MELAKA
PRODUCTION

In Malaysia, the number of workers in medium and small industry is
assuming less than 10 people. The process of Gula Melaka production in the NRB
Food Industry Company is manually done from the beginning process until it
completes. As known, the Perbadanan Pembangunan Industri Kecil Dan Sederhana
(SMIDEC) is an organization which responsible as advisor and provide some

seminar to the entrepreneur of SMI (Corporation, 2009).

Planning and arrangement in the production business depend on how the
industry deals with the marketing strategy that is carried out. If high demand is
required for a good strategy to fulfil all requests, it can be made by modifying the
working hours or increasing the number of workers. Besides that, it can make a
change from Gula Melaka production system aspect which is done by semi
automation or fully automatic by designing a control system that can ease SMI. In
order to fill the request from the NRB Food Industries Company, Malacca, this

automation system for the Gula Melaka production system is proposed.



2.2 GULA MELAKA MANUFACTURING PROCESS

Gula Melaka is a sweetener that made of sweet water that comes from nectar
flower buds of the palm. It will be boiled in huge woks for a while before it turns
hard into the mold. Gula Melaka is naturally sweet and contained a few vitamins and
nutrition, which are needed in the human body (Asia Botanicals Sdn. Bhd, 2014). It

also can replace the additional sweetener in every food dish as human daily routine.

Gula Melaka that exists in the current market is like cylinder form and round
block. The making process is not an easy task because of it having several stages
before it launch to the market. The steps are including process of cooking, pouring,

cooling and lastly packaging (K.A. Azlan, 2015).

2.2.1 Process of Cooking

Sweet watery Neera from palm tree will be heated to the extreme temperature
range around 110°C to 130 °C and it exceeds the level of normal boiling point. To
control the fire and temperature, this manually cooking method used charcoal. The
temperature will be increased and reduced depending on the expertise in looking the

viscosity change.

Beside sweet Neera, other ingredients also added such as water, coconut milk
and pandan leaves. A pandan leaf was used as aroma booster and prevents the sugar
from quickly spoiled. In the cooking process, it requires a range of 2 hours and half
to 3 hours depend on the quantity used. The process needs to be consistent in order

to prevent the sticky sugar from quickly harden.

2.2.2 Process of Pouring

After finishing cooking, the sticky sugar being poured into the mold

manually. The Gula Melaka mold is made of bamboo and wooden. It is because by



using those materials, the sugar will harden and separated easily. This process needs

to be done faster as the sugar start hardens.

2.2.3 Process of Cooling

This process is to change a sticky sugar into a solid one and basically, less
time is required. The sugar hardened when the warm temperature started to decrease
from 100°C to 30°C - 40°C and time taken is only 30 minutes. The process

commonly made in 27°C - 30°C between room temperature.

2.2.4 Process of Packaging

The last process of Gula Melaka manufacturing is packaging. For this
process, the Gula Melaka which had been taken out of the mold will be packed into
the plastic. It then will be sealed and put in the box.

2.3 MICROCONTROLLER APPLICATIONS

In order to achieve the temperature needed, a data processing program had
been designed by combining the microcontroller software system to accept the
command. The computer programming system is to control the program which kept
on storage card. The data sent is from the external input section which will be

changed and then, it will send to the output data.

Controller system is the most sophisticated which enables the converter to
adapt it into temperature control. The system involved is classified as a 8 bit number
with data language in controlling all the requests nowadays (Manas Kumar Parai,
2013). This microcontroller will control the temperature and the speed of the mixer
by using the language C which has already combined. More than that, this system

will control the output from the temperature sensor to show on the screen touch used.



2.3.1 Programmable Logic Controller (PLC)

PLC is a digital computer which used to control machines and process. It is a
programmable, reliable and usable and at the same time can withstand a harsh
industrial environment (Hackwort, 2013). Often, the system will produce correct
action by using logic commands and done through by connecting to a computer or a

programming panel.

There are many advantages of PLC control systems such as the response time
is quite faster, and can handle complicated system. Also PLC as shown in Figure 2.1

is sophisticated instruction sets available and easy to repair or expand.

Figure 2.1: Programming Logic Controller
(LENZE, 2015)

2.3.2 Arduino Mega

Arduino Mega as shown in Figure 2.2 is a one kind of microcontroller board
and it contains everything that needed to support the microcontroller. Arduino mega
has 54 digital input and output pins and the 14 from the pins can be used as PWM
outputs. It is also gives 16 analog inputs, USB port which designed for integrating

with Android devices (www.sainsmart.com, 2013).





