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Abstract

In a stand-alone photovoltaic application, power storage has been a common problem
in many system that are currently implemented. This is primarily caused by
insufficient management of the battery storage where proper charging and discharging
are not practiced. Therefore, this project aims to develop a battery management system
that could oversee the charging and discharging of the batteries in a traffic monitoring
application to provide continuous power supply. The power consumption of the system
were studied based on the existing system and the data obtained is used to design the
battery management system. The battery management system will utterly improve the
operation of the traffic monitoring system and other stand-alone photovoltaic

applications thus making them more reliable.
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CHAPTER 1
INTRODUCTION

1.1  Background Study

In recent years, there has been an increase in the number of vehicles in Malaysia. It
has been recorded that there are approximately 23 million vehicles on the streets in
Malaysia as of 31 December 2012 [1]. This leads to traffic congestion on highways.
Thus, there is a need for traffic scheduling and planning so that the congestion can be
reduced. By doing this, drivers could opt for alternative route to avoid congestion. This
is important as Malaysia’s total population has increased to 30.6 million peoples as of
January 2015 [2]. The increase in population will lead to the increase in the number of

vehicles in the future.

The traffic scheduling and planning must be done based on the data collected by using
real-time traffic monitoring system. There are traffic monitoring systems available
currently, but their operations are not sustainable due to several factors:-

e Access to grid power

e Delayed broadcast

e Network coverage

e Security of the system

In Malaysia context, real traffic monitoring system has been implemented in many
parts of Malaysia’s highways. A study on 22 June 2015 on the live traffic monitoring
system [3] showed that approximately 28% of the cameras set-up along the routes of
Kuala Lumpur city center were not functioning. Further study on PLUS-North
highway and PLUS-South highway showed 35% and 6% of the cameras installed
along the highway respectively, did not function. One of the reasons contributing to

this failure is contributed by the lack of energy provided by the power source.



Many traffic monitoring systems use off-grid power supply that takes advantage of
solar energy. In systems that utilize photovoltaic application, lead acid battery is the
most common storage technology used due to its maturity, great availability and low
cost. However, the lifetime of the batteries are much shorter between those described
in the manufacturer’s data and those experienced in real application. This is caused by
repeated deep discharged and no optimal charge and discharge cycles thus damaging

the batteries which affects the system as a whole.

This project aims to optimize the lifetime of the system by developing the battery
management system. This project is a collaboration effort established between UTP
and KreatifApps [4] a company based in Cyberjaya, Malaysia, that provides live traffic

flow information to users around Klang Valley area.

1.2 Problem statement

Most traffic monitoring systems installed on highway rely on the batteries charged by
the solar panel to operate continuously. However, these systems do not have sufficient
management incorporated to the system to protect the batteries from repeated deep

discharge and over charging.

As a result, the lifetime of the batteries are shortened which impacts the performance,
reliability and the cost of the system. Therefore, there is a need to develop a battery
management system to optimize the use of the batteries making the overall system

more reliable and cost effective.

1.3 Objectives

The objectives of this project are:
e To study the power consumption of an existing traffic monitoring system.
e To develop a battery management system for the traffic monitoring
application.

e To validate and test the proposed battery management system.



1.4 Scope of study

The scope of this project is limited to the design of a battery management system for
the use of traffic application. Thus, adequate knowledge on the power consumption of
the system and photovoltaic based electricity generating system are needed. Apart
from this, understanding the solar geometry and the nature of solar radiation are also
required. The orientation and optimum tilt angle of the photovoltaic module will be
determined in order to improve the energy efficiency of the system. The power system
must also adhere to the specific requirements of the application in particular, the size,
weight and robustness of the whole system must be taken into account. The power
consumption of the existing system, will be monitored and computed to determine the

electrochemical storage capacity.

1.5  Significance of study

The study will give better knowledge on how to design a battery management system
for traffic monitoring applications thus improving the system applications as a whole
by providing optimal charging and discharging to the batteries. This will increase the

system reliability and minimize maintenance making the system cost effective.

At the end of the project, the findings on the development of battery management
techniques can be implemented on other energy system with photovoltaic based solar

electricity generator.



CHAPTER 2
LITERATURE REVIEW

2. TRAFFIC SCHEDULING AND PLANNING

Due to the rapid urbanization, the road traffic systems are becoming more complex, as
the number of road intersections and vehicles are increasing especially in urban area
causing road congestion. The need of traffic monitoring system is paramount to reduce

the traffic congestion.

2.1  Traffic Monitoring System

Traffic monitoring system, which is also known as Intelligent Transportation System
(ITS), aims to provide traffic management services for different modes of transport.
This will enable numerous users to be well informed and make better, more

coordinated use of transport network [5]

Figure 1: ITIS monitoring center [6].

In Malaysia, Integrated Transport Information System (ITIS) shown in Figure 1 is
responsible for traffic management system in Klang Valley area [6] while PLUS
Malaysia Berhad (PMB) has its Traffic Monitoring Centre (TMC) to monitor all its
highways [7].
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Figure 2: Solar powered traffic monitoring system.

Figure 2 shows the architecture of the solar powered traffic monitoring system used in
this project which is based on the actual traffic monitoring system architecture
provided by KreatifApps [4]. In general, the system uses the solar panel as a power
generator. The generated power is stored in an electrochemical storage (battery) and

used as a power supply for the traffic monitoring system.
2.2  Traffic Monitoring System Implementation Challenges
For any technologies, there are limitations. To implement the traffic monitoring system,

sensors need to be installed in strategic places. This is to provide the sensors a good

field of view while maintaining their safety from possible theft or vandalism.



With the ever expanding routes being constructed, more and more traffic sensors are
being deployed to locations which are usually remote. This limits the system’s access
to grid power supply. Thus, most traffic sensors rely on electrochemical storage as a
power source which would enable them to run for limited amount of time depending

on their respective power consumption.

To extend the limited operating time for the sensors, photovoltaic electricity generator
(solar module) are commonly used to recharge its electrochemical storage. Though it
is reliable, the photovoltaic electricity generator could only generate electricity during
the day in the presence of the solar radiation which is affected by intermittent weather.

2.3  Traffic Monitoring Modules

Traffic
Monitoring
System
|
| | 1
Sensing Module Power Module Communication
Module

Infrastucture-

based Vehicle-based

— Video Camera

— Doppler Radar

Figure 3: Modules of traffic monitoring system.

As shown in Figure 3, each traffic monitoring system consists of three main modules
which are (1) the sensing module, consisting of sensors that are installed at strategic
location along the road that could determine the traffic volume on the roads; (2) the
power module, either on-grid or off-grid; and (3) the communication module,
providing the capabilities for the system to send collected data to the monitoring center,

road users or servers.



2.3.1 Sensing Module

The sensing module usually consists of infrastructure-based and vehicle-based
network system. Infrastructure-based sensors are made to be indestructible as this
devices are embedded or installed in the road or its surrounding such as traffic posts
and buildings while vehicle-based sensors uses electronic beacons that are installed on
poles or billboards. For this project, a combination of two vehicle-based sensors are

used which are Doppler radar sensor and video camera.

A. Infrastructure-based sensors

This type of sensor is commonly used and installed in roadbed. An example is
induction loop which functions as a vehicle counter by detecting vehicles that pass the
magnetic field loop. Application of induction loop can be seen in Figure 4 [8].
Additional features include length estimation, speed estimation, vehicle recognition

and distance between two vehicles [9].

Induction loop « =

s 1(5[?’.'

Figure 4: Induction loop installed in the road [8].



B. Vehicle-based sensors

Vehicle-based sensors use intelligent electronic beacons together with modern
microchip, Radio Frequency Identification (RFID) and telecommunication and
information technology for identification communication in infrastructure-to-vehicle

and vehicle-to-infrastructure deployment [9].

i Video Camera

Video camera is used for vehicle detection as shown in Figure 5 [10]. Detection is
done by processors that analyses the image being fed to it and detect any characteristic
changes. Initial configuration is needed to “train” the processor on the background
image baseline. This is implemented in automatic incident detection and traffic-flow

measurement [9].

Figure 5: Video camera installed on pole [10].

ii. Doppler Radar Sensor

This sensor utilizes Doppler effect to measure the velocity of moving vehicles. Figure
6 shows the operation of Doppler radar sensor by emitting a microwave signal towards
the desired moving vehicle and analyzing the variation of the returned signal. Other
application of Doppler radar includes the detection of vehicle presence, measurement

of volume and length of vehicles [11].
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Figure 6: Doppler radar operation [11].

2.3.2 Power Module

The idea of solar system is to harness the sun’s energy to generate electricity using
concentrating solar power (CSP) and solar photovoltaic (PV) systems and hot water
using solar thermal systems. As it is technically well proven, numerous systems have
been installed all over the world in the last few decades [12]. The focus of this project
is to use solar photovoltaic system for flexible power source for the traffic monitoring
system. Most traffic monitoring systems rely on solar photovoltaic system to provide
power source because of limited access to on-grid power supply. An example could be
seen in Figure 7 [13].

Figure 7: Traffic sensor installed with photovoltaic module [13].



A. Solar Photovoltaic System

Solar energy or solar photovoltaic (PV) electricity generation is recognized as an
unblemished energy source, with huge potential, significant to the growing concerns
for global warming due to greenhouse effect and gradual diminish of fossil fuels [14],
[15]. Solar energy is converted directly to electricity in a solar photovoltaic (PV)
systems. PV system consists of semiconductor devices called PV cell that absorbs solar
energy and converts it into direct-current (DC) electricity. This PV cells are then
interconnected as a PV module which is then combined with sets of application-
dependent system components (e.g. batteries, electrical components, inverters, and
mounting system) to form a PV system [15]. The power output produced by PV
modules are affected by its panel’s mounting angle, solar geometry, PV material,
solar irradiation, temperature and weather [16]. Therefore, it is important to consider
all these factors in the study to optimize the solar photovoltaic system used in this

project.

i. Photovoltaic Material

Photovoltaic materials can be classified into crystalline or thin film and they are
evaluated based on two criteria: economics and efficiency. Crystalline cells are
essentially silica-based materials that has been melted and crystallized. Liquidized
semiconductor material deposited onto glass, plastic or stainless steel substrate are
done to produce thin film cells. Table 1 provides the advantages and disadvantages of
different types of PV sells. In this project, monocrystalline PV cell is used for its high
efficiency and it requires less space since the traffic monitoring system will be

mounted on an electric pole.
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Table 1: Photovoltaic advantage and disadvantage [17], [18].

Type of PV Cell Advantage Disadvantage

) . ¢ High cost
e High efficiency
. . o Efficient in warm weather
Monocrystalline e Requires less space
. e  Circuit may break due to
e Long life span ]
shading

e Low cost
] _ e Low efficiency
Polycrystalline e  Easily manufactured .
) e Requires more space
e Long life span

o Flexible e Requires more space
Thin Film e  Easily manufactured o Low efficiency
e High heat tolerance e  Short life span

ii. Solar Irradiation

Solar irradiance has large effect to the performance of solar module. Solar irradiance
is defined as the density of radiation energy absorbed by the solar module over its area.
Geographically, Malaysia is situated between 1° and 7° in the northern hemisphere
close to the equator and longitudes 100° and 104° [19]. With the sun movement from
North to South, Malaysia has an average 12 hours of moderate daily sunlight for which
the Peninsular Malaysia and East Malaysia with an overall area of 329,847 km? procure
between 4.21 kwWh/m?and 5.56 kWh/m? average daily solar irradiation each year. The
top most daily solar irradiation is during the month of August and November with an
estimate of 6.8 kWh/m? per day. Plentiful solar irradiation is due to Malaysia tropical

climate with an average of 1643 kwWh/m? solar irradiance annually [21-22].
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Figure 8: Solar radiation in earth’s atmosphere [22].
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Figure 8 shows solar radiation enters earth’s atmosphere [22]. The global irradiance,
Ic, on a module perpendicular to the sun’s ray can be computed using
IG =1.1" ID y (1)

where Ip is the intensity on a plane perpendicular to the sun’s ray.

iii. Solar Geometry

For relatively every 365 days, the earth goes through elliptical revolution around the
sun with a 360° rotation on its axis each day. Thus, the sun’s position varies from each
day to the next thus it is important to know the sun path of specific location [23]. This
can be seen in Figure 9 [24].

Solar

" Solar Solar 235. Noon 2350 Solar
50° N Noon Equator P

Solar
Noon

:09 pm

165

: 6:00
6:00 am D) - M &00am  6:00am

Figure 9: Sun path [24].

From the sun’s trajectory, it is imperative that to achieve maximum energy generation
the photovoltaic module’s incident angle must be perpendicular to the incident

radiation as shown in Figure 10 [23].

Sunlight Sunlight \
o1 N

- — —————
- — e - ——

(a) Incident Angle 0° (b) Incident Angle 6°

Figure 10: (a) Effective area with incidence angle 0° and sunlight’s angle of incidence.

(b) Fixed collector optimized mounting angle with incidence angle 6°.
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The equations related to the incident angle or tilt angle, 6, are:

Shorinzontal = Sincident SIN X (2)

Smodute = Sincident sin(oc +9) (3)

where a is the elevation angle and 0 is the tilt angle of the module measured from the

horizontal.

Iv. Electrochemical Storage

Comparison on electrochemical storage technologies is shown in Table 2. Valve-
regulated lead-acid is the primary choice for energy storage in photovoltaic application
due to its high availability and cost effective thus ruling out other type of
electrochemical storage which requires high production cost.

Table 2: Electrochemical storage technologies [25].

Technology Advantages Disadvantages
Low energy density
Cycle life depends on battery
Cost effective design and operational strategies
FIOO%& (;‘ ead- Mature technology when deeply discharged
Relatively efficient High maintenance
Environmentally hazardous
materials
Valve- . Traditionally have not cycled well
Regulated I(\:/Ioit eﬁfCt;]ve | Have not met rated life
Lead-Acid ature technology expectancies
Good energy density Moderately expensive
Ni Excellent power “Memory effect”
iCd : .
delivery Environmentally hazardous
Low maintenance materials
Good energy density
NiMH !‘OW environment Expensive
impact
Good cycle life
. . High production cost
Li-ion H!gh energy density Scale-up proving difficult due to
High efficiency
safety concerns
High energy density
Long cycle life when Relatively high cost
deeply discharged Requires powered thermal
Na/S Low maintenance management (heaters)
Integrated thermal and Environmentally hazardous
environmental materials
management
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V. Solar Charge Controller

A charge controller is essential in an energy system to make sure the system energy
storage is properly charged. The function of the charge controller is to block reverse
current thus preventing the energy storage from overcharging. Some charge controller
includes additional features such as energy storage over discharged prevention,
electrical overload prevention, and battery status and power flow display [26]. There
are two types of charge controller available in the market which are the normal Pulse
Width Modulation (PWM) types and the Maximum Power Point Tracking (MPPT)
which have the ability to match the energy output of a PV module to the storage voltage

to assure maximum charge.

Table 3: PWM vs MPPT comparison [27].

PWM Charge Controller MPPT Charge Controller
Array e PV array and battery voltages e PV array voltage can be higher
Voltage should match than battery voltage
e  Operate at battery voltage so it e Operates above battery voltage
Battery performs well in warm so it can provide “boost in cold
Voltage temperatures and when the temperatures and when the
battery is almost full battery is low
System e Typically recommended for use e = 150W- 200W or higher to
Size in smaller systems where MPPT take advantage of MPPT
benefits are minimal benefits
Oft.Grid e Must use off-grid PV modules e Enables the use of lower
or Grid- typically with Vmp = 17 to cost/grid-tie PV modules
Tie 18Volts for every 12V nominal helping bring down the overall
battery charge PV system cost
Array e PV array sized in Amps (based e PV array sized in Watts (based
Sizing on current produced when PV on the Controller Max.
Method array is operating at battery Charging current x Battery
voltage) Voltage)

Table 3 compares the PWM charge controller and MPPT charge controller with respect
to their features [27]. In this project, MPPT charge controller is used due to its ability
to provide maximum charge to ensure uninterrupted power supply for the traffic

monitoring system.
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2.3.3 Communication Module

Since most traffic monitoring systems are installed far from its monitoring center, each
of these systems is usually equipped with wireless communication module to give the
ability for one-way and two-way communication between the traffic monitoring

system and the monitoring center.

There are many types of wireless communication technologies applicable depending
on the communication range. For this project, general packet radio service (GPRS) is
used to send data retrieved from the traffic sensors to the monitoring center.

GPRS is chosen as it is a well-established method for long-range communication and
there are available services from local communication service providers using second
(2G) and third (3G) generation system.

24 Battery Management System

A battery management system is incorporated in electronic systems that utilize
rechargeable batteries to oversee the charging and discharging of the batteries in order
to prevent the batteries from operating over the set limits of their Safe Operating Area.
Other functions include battery state monitoring, battery’s environment control and

data acquisition.

In this project, the battery management system is used to prolong the life span of the
batteries by prohibiting (1) under-voltage, over discharged, deep discharged and over-
voltage that can cause sulfation and (2) over-voltage, over charge and trickle charge

that can cause gassing.
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2.4.1 Sulfation

Sulfation of lead-acid batteries occurs when the batteries are discharged for a long
period of time or deeply discharged, or left uncharged for extended period of time after
being discharged. This is common in systems that utilize photovoltaic application
where the batteries are not being charged or sufficiently charged due to low solar
radiation. If this happens, the lead sulfate crystals deposits on the plate will harden.
This prohibits the batteries from being charged thus reducing their battery capacities.
Sulfation also increases the batteries internal resistance resulting in longer charging
time and less efficient and in complete charging [28-29]. Figure 11 shows sulfated

plate of a lead-acid battery.

Figure 11: Sulfated Anode positive terminal plate at right side [29].

2.4.2 Gassing

When excessive charging is applied, gassing will occur where large amount of
hydrogen and oxygen are produced by electrolysis. This would decrease the amount
of electrolyte in the batteries when the gasses are vented from the battery or internal
explosion as the gasses are explosive [28-29]. Figure 12 shows lead-acid battery

damaged b\y internal explosion.

S

Figure 12: Exploded lead-acid battery [29].
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CHAPTER 3
METHODOLOGY

3. PROJECT METHODOLOGY

This chapter focuses on two tasks: (1) the development of the method to study the
power consumption of actual traffic monitoring system and (2) design of battery
management technique for the energy source of the traffic monitoring system. Figure
13 shows the project activities to implement the above-mentioned tasks.

Part 1: Modelling of the Traffic Monitoring System
Identify .
START Components P Diesien Enrey Testing P> ANElyRePEE
System and Results
and Parameters

A 4

h 4

Optimized Conduct Field Prc.)pc.)se
- Optimized
Energy Testand Energy System
System Validation .
Y Design

T

Part 2 : Proposal of Battery Management Technique

Figure 13: Flow chart of the project.

3.1  Traffic Monitoring System Architecture

Figure 14 shows the architecture of the traffic monitoring system used by the company
KreatifApps [4], where the left side of the figure is the architecture of the traffic
monitoring system implemented in practice while on the right side of the figure is
similar system used for this project but its traffic sensor module and 3G router were
modeled as load using a fan. In order to develop the similar architecture, the
specification provided by KreatiffApps [4] was used for the load. Table 4 gives the

details of this specifications.
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Figure 14: Architecture of the traffic monitoring system implemented in practice
(left) and modeled architecture of the traffic monitoring system for the experiment.

Table 4: Specification of Modeled Load

Equipment Specification

o Traffic Counter, Vehicle Classification and Image

Sensor
Traffic Sensor _
e Supply voltage: 12VDC (Nominal)

Module
e Power consumption: 1.1 Watt (Typical), 2.2 Watt
(Max)
e Supply voltage: 12vVDC (Nominal)
3G Router e Power consumption: 3.48 Watt (Typical)

e Maximum operation temperature: +70°C

The operation of this system is expected to be 24 hours a day. However, due to limited
battery capacity of 18 AH (Ampere-Hour) 12VDC, the traffic monitoring system could
only last for 18 hours. It is important to prolong the lifetime of the battery to provide

uninterrupted power supply as the system runs solely on the battery
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3.2  Experimental Set-up for Part 1

Experiment was set-up to study the solar irradiance and its effects on the power
produced by the solar panel, and the power consumed by the load. This is important to
determine how long would the power source of the system last during the actual
deployment on the highway.

To optimize the system, the data related to power being consumed and generated must
be obtained. Thus, the power consumed by the traffic sensor is measured to better
estimate the optimized storage capacity for the electrochemical storage to support the

system. The power generated from the photovoltaic module is calculated by

P=1-V 4)
where | is current and V is voltage.

This calculation is then done on the solar irradiance to observe and understand the
relationship between the amount of solar irradiance received and the amount of power

that could be generated by the solar photovoltaic module.

Figure 15 shows the power parameters are monitored using monitoring software.

Optimization of
PV Energy
System

! | }
PV Panel Eleetochemical Traffic Sensor
Storage
' ! '
Solar Irradiance PV Current PV Voltage & Power -
(Input) (Output) (Output) "| Consumption |

|

Monitoring
Software

Figure 15: Power parameters monitored using monitoring software.

19



3.2.1 Performance Parameters

e Solar Irradiance. Solar irradiance is collected by the PV panel and converted into
DC power supply. Higher amount of solar irradiance will produce higher amount
of DC power supply.

e Power Produced. The power produced is calculated from the voltage and current
output of the PV panel. The voltage and current output varies depending on the
amount of solar irradiance available and will be stored in the electrochemical
storage (battery).

e Power Consumed. The power consumed is calculated from the voltage and
current input from the battery to the load. The voltage and current input varies
according to the number of load connected to the system and their specification

respectively.
3.2.2 Equipment Set-up
The equipment and circuit connection are provided in Figure 16. The description of

this set-up will be discussed in this section. Table 5 briefly explains the functions of
each equipment.
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2X12V/0.3ADC Fan

Figure 16: Equipment set up.

Table 5 : Functions of equipment used

Equipment Function
Monitoring Software Monitor and record performance
parameters

Solar Module

Convert solar energy into DC power

Tracer 1215BN Solar Charge Controller

To control the charging and discharging
of the battery

Data Taker DT80 Record the power parameters (V, 1)
SP Lite2 Pyranometer Solar irradiance sensor
VVRLA Battery Power source for the system
DC Fan Modeled load
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A. Monitoring software
In this project, two monitoring software are used to measure and record the parameters
required which are Solar Station Monitor and Data Taker DT80. Table 6 shows the

parameters monitored by both software.

Table 6: Parameters monitored by monitoring software

Monitoring Software Parameters

e Array Current, Array Voltage,
] ) Array Power

Solar Station Monitor
e Battery Voltage, Battery Current

e Load Current, Load Voltage

e Array Voltage
Data Taker DT80

e Solar Irradiance

i. Solar Station Monitor

Solar Station Monitor is a product application provided by Beijing Epsolar Technology

Co., Ltd. [30] for their product consumers to monitor a system installed.

& EPSolar —— Administrator - o IEN
System(F) View(V) Parameter(P) Maintenance| (K)  Help(H)
Ra
=B Station Bxplorer
¥ com3
B Num? Station Name Num1 v DevicelD 1 Interval(s) 180 Start Monitor
Array Information Battery Information DC Load Information Controller Information
Array Current(A) Battery Voltage(V) Battery Current(A) Load Current(A)
Device Temp.("C)
124 0.1
l—A 0.09 lA 246 l 0.13 l’ 022
@ 3347
Array Voltage(V) Max Voltage(V) Min Voltage(V) Load Voltage(V) )
13.54 13.10 12.45 1247 Working State
) C t G -
Normal
Array Power(W) Battery Temp.(*C) Battery SOC(%) Load Power(W)
E 124 2500 % 17 E 274
4 & 4

Load Control

. Working State . Charging State s Battery State Load State Manual
npu = Boost Charge Vormal ON | OFF
9

Energy Generated(kWh) Real Time Curve - - 0

06/08/2015 8:06:50]Num 1: Read load settings successfully ~
06/08/2015 8:05:51]Num 1: Wite load settings successfully

06/08/2015 8:00:23]Num 1: Load is tumed off manually

05/08/2015 23:57:31)Num1: Read load settings successfully

I5/0R/2015 7257 241Num - Wete load seftinas sunrasshily

Figure 17: Solar Station Monitor software interface.
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The software displays two basic information which are Current (Amps) and Voltage
(\Volt) for solar array, battery and system load while for Power (Watt), only solar array
and system load will be displayed. Extra information displayed are battery’s State of
Charge (SOC), Temperature (for battery and device) and State (for working, charging,
battery state and load). For this software to be able to monitor the system as shown in
Figure 17, it is connected from the Tracer 1215BN solar charge controller seen in
Figure 18 to a laptop.

Figure 18: Ethernet port output to be connected to a laptop.

ii. Data Taker DT80

Data Taker DT80 is a data logging instrument to measure and record a wide variety of

quantities and values in real world practice.

Channel type \_vuug, Al

Channel wiring (Z/EE’ v Channel 1 v

@ VoitageBridge_1 (pom)

4 force (1B) General  Scaling  Statistics  Event ( Alarm ) | Advanced
Q) UnearTDCheck2 (mV)
Use event (]
Condition  Output

Repeat output  the condition is still true (from the previous evaluation)
Output text Eyent triggered on Logger | at @ on #, 2N value s v 7U
Action navigator
Command

Execute a logger command

Command 1CV=0 PWR12V=0 PWRSV=0

Figure 19: Data Taker software interface
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From the software interface shown in Figure 19, the Data Taker DT80 can be
configured to record different parameters such as voltage, current, solar radiance and
temperature. The recorded data then can be exported in Excel form. To acquire data of
the parameters, the system is connected to the Data Taker DT80 inputs which can be

seen in Figure 20.

1 | 3
*+— #)|% +— #/|*

5 f
_#E
N E—

P

+
4 EXTEXT sv A 8
IEE— s & =

Figure 20: Data Taker digital and analog input
B. Solar Irradiance

The solar irradiance varies from day to day depending on the solar geometry of the
location. To measure the solar irradiance, a SP Lite2 pyranometer is used. This device
is designed to measure the solar irradiance on a plane surface with a field of view of
180° [31]. For the purpose of measuring the solar irradiance, the sensor is placed on a
window awning which can be seen in Figure 21 and positioned precisely to avoid the
solar panel being covered by the shadow of the upper awning. The output of the sensor
is directly connected to the Data Taker DT80 input to be recorded.

l\‘ <

Solar module Pyranometer

Figure 21: Pyranometer and solar module placed on a window awning.
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C. Solar Array Output

Output of a photovoltaic module are the current and voltage. This could be measured
by using analog amp meter and volt meter or a digital multi-meter. To obtain the value
of generated power, the ampere and voltage are multiplied. To test the system, a 12Volt
solar module with rated power of 30Watt is used. With direct sunlight, the solar
module has a rated voltage of 17.5Volt and rated current of 1.72Amps. The
photovoltaic module is set up with the pyranometer as shown in Figure 20. The module
is connected to the solar charge controller and Data Taker DT80 to monitor the voltage

and current output.

D. Power consumption

Figure 22: 12V/0.3A DC Fan.

The load is firstly determined. This could be obtained by looking at the load’s power
rating label. If only amperage and voltage are shown, these two values are multiplied
to obtain the wattage. The wattage obtained is the power needed per hour, with base
unit, Watt-Hour (Wh).

Power = Voltage - Current (5)

To better estimate the power consumption, the wattage is multiplied with 1.5, which
is known as fudge factor. This is to compensate other losses such as interconnection

and wiring losses and charging and discharging losses [32].
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Power = 1.5-Voltage - Current (6)
For testing purpose, two DC fans rated at 12 Volt / 0.3 Amps shown in Figure 22 are
used to represent the power consumption of the traffic sensor and communication
module as the load of the system. The power consumption of the solar charge controller

is also included and considered as self-consumption.

Table 7: Power consumption comparison

Power Consumption
Actual System (Wh) | Test System (Wh)

Load
1 x Traffic Sensor Module 2.2 (Max) -
1 x Communication Module 3.48 (Typical) -
1 x Solar Charge Controller 0.6 0.6
2 x DC Fan - 7.2
Total 6.28 7.8
Estimated Total (1.5xTotal) 9.42 11.7

E. Electrochemical Storage Capacity
To calculate the minimum capacity for the electrochemical storage, equation 7 is used
Minimum battery capacity
= 2+ Load WattHours - Running Hours per Day 7)

- Days worth of Energy

Therefore, the minimum battery capacity for the actual system described in Table 7

with estimated total power consumption is
Minimum battery capacity = 2 - 9.42WattHours - 24hours - 2days

= 904.32 WattHours (8)
= 904 WattHours
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For the test system, a Valve — Regulated Lead Acid (VRLA) battery shown in Figure
23 is used with a 12 Volt rated voltage and 18 AmpHours capacity. This means that
the power capability of the battery equals to 216 WattHour.

Figure 23: 12V / 18Ah Valve — Regulated Lead Acid.

Since the value of WattHour for the battery is known, the running hours for the system
can be calculated using:

Total Battery Capacity (Wh)
Total Power Consumption (Wh)

©)

Total running hours :

For the actual system with estimated total power consumption:
216 WattHours
9.42 WattHours (10)
= 22.92 hours

Total running hours =

= 23 hours

For the test system with estimated total power consumption:
216 WattHours
11.7 WattHours (11)
= 18.46 hours

Total running hours =

= 18 hours
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The calculations are summarized in Table 8

Table 8: Summarized calculation for battery capacity and total running hours

Actual System Test System
Minimum Battery
) 904 WattHours -
Capacity
Experiment Battery
) 216 WattHours 216 WattHours
Capacity
Total Running Time base
on Experiment Battery 23 Hours 18 Hours
Capacity

3.3  Experimental Set-up for Part 2

Experiment is set-up to design a battery management circuit for the power source of
the traffic monitoring system. This circuit is designed based on the study done in Part

1 which provided the estimated value of the power generated and power consumed by

the system.

To design the circuit, the necessary requirements and specifications are first
determined. The parameters are then decided in order to meet the criteria of the
requirements and specifications determined. Finally, appropriate components are
chosen to acquire those parameters. All decision done will be discussed in the

following sub-sections.
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3.3.1 Design Features

When designing, specifications must be determined to have a better prospect on how

to design the optimization circuit for the power source of the traffic monitoring system.

Low Voltage Disconnect. The optimization circuit should be incooperated with a
low voltage disconnect circuit where the battery will be disconnected from the load
when the voltage reading of the battery goes below the threshold value. This will
enable the battery management circuit to prevent the battery from under-voltage,
over discharge and deep discharge. When discharged more than 50% of the battery
capacity or left in discharged state for a long period of time, sulfation will develop
on the battery’s plate that will hinder the battery’s ability to charge. If this happens,

the battery needs to be replaced with a new battery.

High Voltage Disconnect. The optimization circuit should also include a high
voltage disconnect circuit. This will disconnect the battery from the solar charge
controller when the voltage reading of the battery goes above the threshold value.
By doing this, the optimization circuit is able to prevent the battery from over-
voltage, over charge and trickle charge. When the battery is excessively charged,
gassing will occur where hydrogen and oxygen is produced by electrolysis. From
the accumulated hydrogen and oxygen, the battery might explode due to high

pressure or internal explosion.

Over-current Protection. Over-current protection circuit is essential part of the
optimization circuit. This will not just protect the components of each circuit but
the whole traffic monitoring system itself. The lead-acid battery has the ability to
conduct constant amount of high current. Thus, when high current flows through
the protection circuit, it will disconnect the battery from the whole system. This
will prevent any possible damage to the components of the traffic monitoring

system.
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Two Days Battery Capacity. In Part 1, it is observed that the total capacity of the
battery is insufficient for the traffic monitoring system to run continuously for
more than two days. Thus, a two battery setup is proposed for the circuit to increase
the total battery capacity for the traffic monitoring system. For this, the circuit
should be able to control the charging and discharging of both batteries in order to
lengthen their life cycle by alternatively charging and discharging between both of
the batteries. This is to slowly deplete its charge cycle while lengthening its life

cycle.

3.3.2 Design Requirements

The proper application require the system to meet the following requirement

a)

b)

Sufficient Battery Capacity. As the proposed optimization circuit requires two
batteries, it is essential for both batteries to have sufficient amount of battery
capacity. Each battery must be able to provide enough power supply for the traffic
monitoring system to run for more than 24 hour without any power interruption
before the transition between the two batteries occurs. For this, each battery should

have at least two days or more worth of total battery capacity.

Proper ventilation for the system. The batteries should be charged at a
temperature of approximately 25°C. If the temperature of the surroundings or
storage is higher than 25°C, proper ventilation should be provided or lower voltage

threshold should be set to prevent overcharging.
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3.3.3 Performance Parameters

e Battery Voltage. The voltage reading of the battery is obtained as reference to
decide if the battery is fully discharged or fully charged.

e Load Current. The current reading is measured and used to approximate the
power consumed by the load.

e Power Produced. The power produced is calculated from the voltage and current
output of the PV panel. The voltage and current output varies depending on the
amount of solar irradiance that are available and will be stored in the

electrochemical storage (battery).

3.3.4 Design of Battery Management Circuit

The design of the circuit is based on the requirements and specifications that have been
determined and are implemented in stages. Each stage is then integrated with each
other and assembled as a prototype. Figure 24 shows how the optimization circuit is

integrated to the modelled architecture of the traffic monitoring system.

Battery
Solar Panel Solar Controller = Management
— y Prototype
’ \—’—l LOAD
BATTERY BATTERY
BANK BANK
+

+VE DC
-VE DC

Figure 24: Modelled architecture of the traffic monitoring system architecture

integrated with battery management prototype.
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Battery management circuit is incoorperated with two type of circuit which is (1) low
voltage disconnect circuit and (2) high voltage disconnect circuit.

A. Low voltage disconnect circuit

A low voltage disconnect circuit is used to automatically disconnect the connections
between the load and the battery when the battery voltage falls below the threshold

value. This will prevent the batteries from being over discharged or deeply discharged.

— LOAD
‘L{l : ‘l’ﬂ :
> >
[1°] 1]
© ©
o o
OFF OFF
nn nn
Battery Battery
1 2
+VE DC
-VE DC

Figure 25: Low voltage disconnect circuit in Mode 0.

Figure 25 shows the low voltage disconnect circuit in its Mode 0. This mode is the
initial state when the system is first start up and when both batteries have the voltage

reading below the threshold value. In this mode, both Relay 1 and Relay 2 will not be
triggered.
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Figure 26: Low voltage disconnect circuit in Mode 1 (left) and Mode 2 (right).

From Figure 26, there are two modes of configuration for the low voltage disconnect
circuit: (1) Mode 1 on the left of Figure 25 where Relay 1 is ON and Relay 2 is OFF;
and (2) Mode 2 where Relay 1 is OFF and Relay 2 is ON. Mode 1 is triggered when
the voltage reading of battery 1 is higher than the threshold value and the battery 2 is
being charged while Mode 2 is triggered when the voltage reading of battery 2 is higher
than the threshold value and battery 1 is being charged.

The threshold for the low voltage disconnect circuit is set at 12 Volt.
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B. High voltage disconnect circuit

High voltage disconnect functions by automatically disconnecting the battery from the
solar charge controller when the voltage reading of the battery goes higher than the

threshold value. This is to avoid over charging and trickle charging of the batteries.

Solar Panel Solar Controller

f["|— 56 0]

! ifil

— o~
> >
O 4+
o E
o o
|—I_ OFF OFF
N Fl] nn
Battery Battery
1 2
+VEDC
— -VEDC

Figure 27: High voltage disconnect circuit in Mode 0.
In Figure 27 shows the circuit in Mode 0, where both Relay 1 and Relay 2 are not

triggered. This is because Mode 0 is triggered during the initial startup of the system
and when both batteries have voltage reading above the threshold value.
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Figure 28: High voltage disconnect circuit in Mode 1 (left) and Mode 2 (right).

From Figure 28, there are two modes of configuration for the high voltage disconnect
circuit: (1) Mode 1 on the left of Figure 28 where Relay 1 is ON and Relay 2 is OFF;
and (2) Mode 2 where Relay 1 is OFF and Relay 2 is ON. Mode 1 is triggered when
the voltage reading of battery 1 is lower than the threshold value and the battery 2 is
being used by the load while Mode 2 is triggered when the voltage reading of battery
2 is lower than the threshold value and battery 1 is being used by the load.

The threshold for the high voltage disconnect circuit is set at 14 Volt.
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C. Integrated Battery Management Circuit

The low voltage disconnect circuit and high voltage disconnect circuit are both
integrated together to form the battery management circuit. At start up, both circuits

will be in Mode 0 where both circuits are not triggered. This is shown in Figure 29.

Solar Panel Solar Controller
A . A N High
> > Voltage
[1+] (48]
© O Disconnect
m I - -
Circuit
+ : OFF OFF
L
nn nn
Battery Battery
1 2
$ ‘% JL ‘% Low
< < Voltage
e e Disconnect
| OFF | OFF Circuit
+VE DC
-VE DC LOAD

Figure 29: Low voltage disconnect circuit and high voltage disconnect circuit both
in Mode 0.
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While in operation, both circuits will be triggered in different mode respectively.
Figure 30 shows the high voltage disconnect circuit in Mode 1 and low voltage
disconnect circuit in Mode 2 while Figure 31 shows the low voltage disconnect circuit

in Mode 1 and the high voltage disconnect circuit in Mode 2.

Solar Panel Solar Controller
L & High
- o~
> - Voltage
(53 1] .
o T Disconnect
= i Circuit
4 ; ON OFF
|
nn nn
Battery Battery
1 2
— [l
& % é % Low
< < Voltage
e e Disconnect
| OFF | ON Circuit
+VE DC LOAD
-VE DC

Figure 30: High voltage disconnect circuit in Mode 1 and low voltage disconnect
circuit in Mode 2
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Figure 31: Low voltage disconnect circuit in Mode 1 and high voltage disconnect
circuit in Mode 2.
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The final design of the battery management circuit is shown in Figure 32 where all the
components such as the microcontroller, voltage sensors, current sensors and the
Real Time Clock (RTC) are included.
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Current Sensor ——————————

\ | I
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nn 0.0
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{L f‘L Voltage

Relay 1
Relay 2

|
Voltage Sensor

Relay 2

Disconngct
| OFF | OFF Circuit

Relay 1

Microcontraller

Current Sensor

+VE DC
-VE BC
ARDUINO INPUT/QUTPUT

Figure 32: The design of battery management circuit.
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34 Gantt Chart

The timeline of this project is shown in the Gantt chart in this section describing the

activities of the project.
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CHAPTER 4
RESULTS AND DISCUSSION

PART 1

Two experiments were set up and left running to investigate the power consumption

and sustainability of the system.

(1) The time range of the data being recorded for the first experiment were 8:00AM to
6:00PM. The parameter taken was solar irradiance which is recorded in Figure 33.

(2) The time range of the data being recorded for the second experiment were 9:30AM
to 9:30PM and 9:30PM to 9:30AM. Three parameters were taken which are voltage,
current and power. The readings for voltage, current, and power for solar array, battery
and system load are represented in red line, green line and blue line respectively. The

result is recorded in Figures 34 to Figure 42.

1. Solar Irradiance
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Figure 33: Solar radiance reading on 6/8/15 from 8:00AM to 6:00PM
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The SP Lite2 pyranometer was set up from 8:00AM to 6:00PM to measure the solar
radiation using the DataTaker DT80. Theoretically, the solar radiation should have a
smooth increase from sunrise and reached its maximum at noon before it slowly
decreases until sunset. This was not correctly reflected from the readings obtained

shown in Figure 33 due to intermittent weather during the day of testing.

From the readings, it was observed that the solar radiance was at maximum during
noon time from 12PM to 2PM when the sun was directly above with a maximum value
of 778 Watt/meter?. During this period of time, the solar module generated the highest
value of power which can be seen in Figure 40 and Figure 42. Since the solar module
needs 1000 Watt/meter? to generate its rated power, 30 Watt, it can be concluded that
the solar module could not generate its rated power capacity due to insufficient amount

of solar radiation.

2. Voltage

Voltage Real Time Curve (V)
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Figure 34: Voltage reading on 9/8/15 from 9:30AM to 9:30PM.
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Figure 35: Voltage reading on 9/8/15 from 9:30PM to 9:30AM.

The voltage of the solar array recorded is the voltage reading generated by the solar

module. The solar module generated voltage at estimated time, 7:00AM and stop

generating at 7:00PM. The voltage reading of the solar module remains consistent at

13 Volt but fluctuates several times. This may due to the large amount of solar

radiation it receives at noon.
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Figure 36: Voltage reading on 10/8/15 from 9:30AM to 9:30PM.

Voltage readings for battery and system load were the same which was 12 Volt as both

the battery and the load were rated at 12 Volt. The readings remained consistent at 12

Volt until the load was turn off where the reading drop to 0 VVolt which is seen in Figure
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35 and Figure 36. This is because the solar charge controller had detected that its

battery was overly discharged thus the load was cut off.

3. Current

Current Real Time Curve (&)
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Figure 37: Current reading on 9/8/15 from 9:30AM to 9:30PM.
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Figure 38: Current reading on 9/8/15 from 9:30PM to 9:30AM.

The system load current input equals to 0.6 Amps. The reading remains the same until
the load is cut off by the solar charge controller where the current reading is 0 Amps.
This means no current is being supplied to the load. For solar array, the current

readings varies from time to time because the current generated depends on the amount
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of solar radiation it receives during day time while at night time the reading is 0 Amps
which shows there is no current being generated.

Current Real Time Curve (A)

2 — Array
—— Battery

A = Load
15

AARAY
VANVAA NG

11:3%:23 14:05:24 16:35:24 19:09:24

Currant

Figure 39: Current reading on 10/8/15 from 9:30AM to 9:30PM.

The readings for the battery is calculated as:

Currentpgitery = Currentyyrqy, — Currentyqaq (12)

For example, when the load is cut off as shown in Figure 39, the value of the battery
current is equals to the solar array current where the value is positive which indicates

that the battery is being charged by the solar module.

At night time where the solar array is cut off, the current reading of battery is seen as
negative value. This shows that the current is being discharged by the battery and

supplied to the load where the value is positive. This is depicted in Figure 38.

While in Figure 37, both the load and the solar array are connected which means that
the battery is being charged by the solar module and discharged to supply the load.
Thus the shape of the graph in the figure for the battery is almost the same as solar

array but has a different value.
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4. Power

Power Real Time Curve (W)
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Figure 40: Power reading on 9/8/15 from 9:30AM to 9:30PM.
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Figure 41: Power reading on 9/8/15 from 9:30PM to 9:30AM.

In the monitoring system, only solar array and system load power readings are
monitored. In Figure 40 and Figure 42, the system load readings are approximately 7
Watt which equals to the power consumption of the 2 DC fan connected to the solar
charge controller. This is true since the solar charge controller only monitors the load
power consumption and not its self-consumption. The 0 Watt readings are due to the

load being cut off by the solar charge controller.
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Figure 42: Power reading on 10/8/15 from 9:30AM to 9:30PM.

In Figure 40 to Figure 42 of power readings, it is observed that the value of the readings
is inconsistent throughout the day while it remains 0 during the night. This is because
the solar module can only generate power during the day in the presence of solar
radiation. But due to the different amount of solar radiation it receives, thus the power

generated is inconsistent.

Based on Figure 40 and Figure 42, it was observed that the power generated is
maximum around noon from 12PM to 2PM when the sun is directly above with a
maximum value of 23 Watt. With a rated power of 30 Watt, the solar module was not
generating power at full capacity. This maybe because the solar module is not set up

with the optimum tilt angle.

5. Conclusion

In conclusion, the power generation is not reaching its full capacity resulting in the
battery not being able to be fully charged. As seen in all the readings obtained, the
system were running from 9:30AM on 9" August 2015 until 6:30AM on 10" August
2015 which equals to 21 hours of running time. This validate the calculation of the
estimated running hours of the test system which is 18 hours with an additional 3 hours

provided by the solar charging.
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PART 2

Part 2 presents the proposed design of battery management circuit. Two experiments
were conducted in the laboratory which are (1) simulation on the battery management
circuit and (2) validation on the battery management circuit voltage and current
readings.

1. Simulation on battery management circuit
The first experiment uses a DC power supply unit to simulate the setup of two lead-
acid battery connected to the supply input of the battery management circuit. The

conditions tested are shown in the Table 9.

Table 9: Conditions tested on the battery management circuit

Voltage Mode
High Voltage Low Voltage
Battery 1 Battery 2 ) o ) o
Disconnect Circuit | Disconnect Circuit
High High 0 1
Low High 1 2
High Low 2 1
Low Low 1 0

The High voltage condition is when the voltage reading of the battery is above the
threshold value which is 14 Volt while the Low voltage condition is when the voltage

reading is below the threshold value which is 12 V.

The results are recorded in Figure 43 to Figure 50 according to the sequence of
conditions in the above table. In all figures, the high voltage disconnected circuit is the
two relays on the right while the low voltage disconnect circuit are the two relays on

the left. The red LED indicator turns on indicates that the relay is being turned ON.
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High voltage disconnect
circuit

Figure 43: High voltage disconnect circuit in Mode 0 and low voltage disconnect

circuit in Mode 1.

Low voltage disconnect
circuit

Figure 44: High voltage disconnect circuit in Mode 0 and low voltage disconnect

circuit in Mode 1.
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High voltage disconnect
circuit

Figure 45: High voltage disconnect circuit in Mode 1 and low voltage disconnect

circuit in Mode 2.

Low voltage disconnect
circuit

Figure 46: High voltage disconnect circuit in Mode 1 and low voltage disconnect

circuit in Mode 2.
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Current & @.2%
Batterd 1 1in

High voltage disconnect
circuit

Figure 47: High voltage disconnect circuit in Mode 2 and low voltage disconnect

circuit in Mode 1.

Low voltage disconnect
circuit

Figure 48: High voltage disconnect circuit in Mode 2 and low voltage disconnect

circuit in Mode 1.
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High voltage disconnect
circuit

Figure 49: High voltage disconnect circuit in Mode 1 and low voltage disconnect

circuit in Mode 0.

&
= I\

Low voltage disconnect
circuit

Figure 50: High voltage disconnect circuit in Mode 1 and low voltage disconnect

circuit in Mode 0.
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2. Validate voltage and current readings

The second experiment used a DC power supply to test the voltage readings and

current readings of the battery management circuit for its accuracy.

o Voltage Reading. For the voltage readings, the DC power supply voltage
outputs were set-up as 14.2 Volt each as shown in Figure 51. The readings were taken
and recorded in Table 10 to Table 11. Figure 52 and Figure 53 show the battery

management circuit with and without the load connected.
» _ |\ T

- v

& [‘,m\gmi“\l REGULATED DC POWER SUPPLY

(R B

cv cc cv cc
< ® v ®
VOLTAGE CURRENT VOLTAGE CURRENT

OVERLOAD

A
-

y/

"

|

Figure 52: Voltage reading without load connected.
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Load connected

Figure 53: Voltage reading with load connected.

Table 10: Voltage readings without load connected.

Battery 1 Battery 2
DC Battery DC Battery
No. | Power | Management | Multimeter | Power | Management | Multimeter

supply Circuit supply Circuit
1 | 142V 142V 14.06 V 142V 142V 14.03V
2 | 142V 142V 1406V | 142V 142V 14.03 V
3 | 142V 142V 14.06 V 142V 142V 14.03V
4 | 142V 142V 14.06 V 142V 142V 14.03V
5 | 142V 142V 1406V | 142V 142V 14.03 V
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Table 11: Voltage readings with load connected.

Battery 1 Battery 2
DC Battery DC Battery
No. | Power | Management | Multimeter | Power | Management | Multimeter

supply Circuit supply Circuit
1 |142V 131V 1380V | 142V 13.6 V 13.99V
2 | 142V 13.1V 13.75V 142V 13.4V 13.99V
3 | 142V 13.2V 13.68V | 142V 135V 13.99V
4 | 142V 13.3V 13.71V 142V 13.4V 13.99V
5 142V 13.3V 13.66 V 142V 136V 13.99V

It can be seen in both Table 10 and Table 11 that the readings are almost consistent
without large difference between each readings. This is because for each readings, the
battery management circuit takes ten voltage readings and computes the total average

of those readings thus providing more accurate readings.

The difference seen in the readings between the voltage readings with the load
connected and the voltage readings without the load connected are approximately 1

volt. This is due to the voltage drop when the load is connected to the circuit.

o Current Reading. For the current reading, the DC power supply will give a
current output base on the load that it is connected to. Thus, the reading can be obtained

from the display of the DC power supply shown in Figure 54.
Just as the voltage readings, the battery management circuit takes ten current readings

and computes the total average of the readings. These readings are taken and recorded
in Table 12.
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Figure 54: DC power supply current reading.

U A

Figure 55: Battery management circuit current reading.
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Table 12: Current readings

DC Power Supply | Battery Management Circuit
1 0.29 A 0.24 A
2 0.29 A 0.29 A
3 0.29 A 0.23A
4 0.29 A 0.26 A
5 0.29 A 0.28 A

The current readings obtained by the battery management circuit are significantly

accurate with an offset of 0.05 A. This readings can be made more accurate by using

better current sensor.

3. Conclusion

The battery management circuit is able to automate the decision in choosing the mode
for charging and the mode for discharging of the batteries. This would improve the

traffic monitoring system as a whole and increases its reliability when it is

implemented on the highways.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

In this project, the power consumption has been studied in the first part of the project
where rigorous experiments had been conducted. This experiment where built similar
to the existing traffic monitoring system based on the specification given by the
company. It is shown that the system could only last for 21 hours thus the current

system did not meet the requirement of the company which requires 48 running hours.

For the second part of the project, a battery management system was built with the
ability to automate the decision of charging and discharging the batteries in the
proposed system design. The system consists of (1) a microcontroller which oversee
the charging and discharging of the batteries, (2) relay module that act as the low
voltage disconnect circuit and high voltage disconnect circuit, (3) voltage and current
sensors to measure the voltage and current that contributes to the decision making, and
(4) a Real Time Clock module that enables the microcontroller to monitor the system

based on time.

Lastly, further improvement on the system could be made by using a smaller and
cheaper microcontroller for the system. This will make the size of the system much
smaller and more cost effective. In addition, a field test should be conducted to further
improve the design of the battery management system when it is implemented to the

existing system.

60



[1]

[2]
[3]
[4]

[5]

[6]

[7]

[8]
[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

References

“One vehicle for every 1.2 Malaysians,” The STAR Online, 2013. [Online].
Available: http://www.thestar.com.my/News/Nation/2013/02/08/One-vehicle-
for-every-12-Malaysians/.

“countrymeters.” [Online]. Available: http://countrymeters.info/en/Malaysia.
“Malaysia Real Time Webcam.” [Online]. Available: http://www.jalanow.com/.

“Innovator of Creative Service and Solution.” [Online]. Available:
http://www.kreatifapps.com/.

“Integrated  Transport Information System.” [Online]. Available:
https://en.wikipedia.org/wiki/Integrated_Transport_Information_System.

“Fact Sheet.” [Online]. Available:
http://www.itis.com.my/atis/about_fact_sheet.jsf.
“Traffic Monitoring Centre (TMC).” [Online]. Available:

http://www.plus.com.my/index.php?option=com_content&view=article&id=9
0&Itemid=114.

“Induction loop.” [Online]. Available:
https://en.wikipedia.org/wiki/Induction_loop.

“Intelligent transportation system.” [Online]. Available:
https://en.wikipedia.org/wiki/Intelligent_transportation_system.

“Automatic  number  plate  recognition.” [Online].  Available:
https://en.wikipedia.org/wiki/Automatic_number_plate_recognition.

“A Summary of Vehicle Detection and Surveillance Technologies use in
Intelligent Transportation Systems.” [Online]. Available:
https://www.fhwa.dot.gov/policyinformation/pubs/vdstits2007/05.cfm.

J. Byrne, L. Kurdgelashvili, M. Mathai, A. Kumar, J. Yu, X. Zhang, J. Tian, and
W. Rickerson, “World solar energy review: technology, markets and policies,”
2010.

S. Shawver, “Interstate ‘eyes’ monitor traffic,” The Marietta Times. [Online].
Available:
http://lwww.mariettatimes.com/page/content.detail/id/550573/Interstate--eyes--
monitor-traffic.html.

R. Clift, “Climate change and energy policy: The importance of sustainability
arguments,” Energy, vol. 32, no. 4, pp. 262-268, 2007.

A. Jager-Waldau, “Photovoltaics and renewable energies in Europe,” Renew.
Sustain. Energy Rev., vol. 11, no. 7, pp. 1414-1437, 2007.

D. F. Butay, “Maximum peak power tracker: A solar application,” 2008.

M. A. P. P. Kumar, “Development of PV Based Solar Radiation Measuring
Device,” 2014.

A. A. Awang Zainudin, “Development of Portable Solar Electricity Generating

61



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]
[32]

[33]

System,” 2014.

W. Shen, “Design of standalone photovoltaic system at minimum cost in
Malaysia,” 2008 3rd IEEE Conf. Ind. Electron. Appl. ICIEA 2008, no. 0, pp.
702-707, 2008.

K. H. Solangi, T. N. W. Lwin, N. a. Rahim, M. S. Hossain, R. Saidur, and H.
Fayaz, “Development of solar energy and present policies in Malaysia,” 2011
IEEE 1st Conf. Clean Energy Technol. CET 2011, pp. 115-120, 2011.

K. H. Solangi, a. Badarudin, S. N. Kazi, T. N. W. Lwin, and M. M. Aman,
“Public acceptance of solar energy: The case of Peninsular Malaysia,” IEEE
2013 Tencon - Spring, TENCONSpring 2013 - Conf. Proc., pp. 540-543, 2013.

I. Daut, M. Irwanto, Y. M. Irwan, N. Gomesh, Rosnazri, and N. S. Ahmad,
“Potential of solar radiation and wind speed for photovoltaic and wind power
hybrid generation in Perlis, Northern Malaysia,” 2011 5th Int. Power Eng.
Optim. Conf. PEOCO 2011 - Progr. Abstr., no. June, pp. 148-153, 2011.

S. Ahmed, A. H. Zenan, N. Tasneem, and M. Rahman, “Design of a solar
powered LED street light: Effect of panel’s mounting angle and traffic sensing,”
Proc. - 2013 IEEE Conf. Sustain. Util. Dev. Eng. Technol. IEEE CSUDET 2013,
pp. 74-79, 2013.

“The simple geometry of sun, moon and star paths,” in Notes From Noosphere,
2012.

D. Ton, G. H. Peek, C. Hanley, and J. Boyes, “Solar Energy Grid Integration
Systems — Energy Storage ( SEGIS-ES ),” Energy, no. May, 2008.

“An  Introduction on Charge Controllers.” [Online]. Available:
www.wholesalesolar.com/solar-information/charge-controller-article.

“PWM vs MPPT Solar Charge Controllers.” [Online]. Available:
http://solarcraft.net/articles/comparing-pwm-and-mppt-charge-controllers/.

M. Glavin and W. G. Hurley, “Battery Management System for Solar Energy
Applications,” in Proceedings of the 41st International Universities Power
Engineering Conference, 2006, pp. 79-83.

“Lead—acid battery.” [Online]. Available: https://en.wikipedia.org/wiki/Lead-
acid_battery.

“Beijing Epsolar Technology Co., Ltd.” .
“Pyranometer.” [Online]. Available: https://en.wikipedia.org/wiki/Pyranometer.

M. Aghaei, Y. Hanum, M. Imamzai, P. Piy, N. Amin, and S. Arabia, “Design
of a Cost-Efficient Solar Energy Based Electrical Power Generation System for
a Remote Island - Pulau Perhentian Besar in Malaysia,” no. June, pp. 203-208,
2013.

D. S. Jon, “How to Size Your Off-Grid Solar Batteries.” [Online]. Available:
http://www.instructables.com/id/How-to-Size-Your-Off-Grid-Solar-Batteries-
1/.

62



