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Design of a Solar Tracking System for
Renewable Energy

Jeng-Nan Juang and R. Radharamanan

Abstract—In this paper, a solar tracking system for renewable
energy is designed and built to collect free energy from the sun,
store it in the battery, and convert this energy to alternating
current (AC). This makes the energy usable in standard-sized
homes as a supplemental source of power or as an independent
power source. The system is designed to respond to its
environment in the shortest amount of time. Any source of error
at both the software and the hardware level is eliminated, or at
least controlled. The system is tested for real-time responsiveness,
reliability, stability, and safety.

The system is designed to be stable while it is operating. It is
also designed to be resistant to weather, temperature and minor
mechanical stresses. Furthermore, the system is fail-safe; it can
recover from failures or at least indicate that it is in that
condition.

Index Terms—Solar tracking system, renewable energy, power
inverter, integrated liquid-crystal display (LCD) unit.

1. INTRODUCTION

In the United States, the top three energy sources of
electricity are coal at 37%, natural gas at 30%, and nuclear
at 19% [1]. These forms of energy are nonrenewable meaning
they will eventually be depleted. For this reason it is important
to seek renewable sources of energy for they are cleaner,
easier to use, require less maintenance, and will always be
available. This project focuses on solar energy, which is a
renewable form of energy. On average the earth surface
receives about 600 W/m’ of solar energy [2]. This value
depends on several factors such as the time of the day and the
atmospheric conditions. In 2012, only 0.11% of solar energy
was used to generate electricity [1]. It is estimated that solar
energy will become the largest source of electricity by the year
2050 [2]. For this reason there should be a larger investment in
harnessing solar energy.

People who live in secluded areas have limited access to
efficient power because it is unavailable or too expensive.
Also, with the rising cost of fossil fuel most people who live in
standard-sized homes are interested in finding alternative
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energy sources to reduce domestic electricity cost. Solar
energy is an abundant source of renewable energy which
makes it a good solution for people living under these
circumstances. In a single day, the amount of sunlight hitting
the United States is more than 2,500 times the entire country’s
daily energy usage [3]. The most efficient solar panels of
today’s technology harness less than 20% of available solar
energy [4]. Although this is a small percentage, it is a helpful
amount of energy that may one day allow for independence
from nonrenewable forms of energy.

This paper provides the description of a senior design
student project including the goal of the project and the design
specifications. Feasibility and merit criteria detailing the
critical and desired attributes of the design are included. All
designs are revealed via engineering sketches, drawings,
discussion and engineering analysis to predict the performance
of the designs in relation to the specifications. Conclusions
consisting of the best design, the recommendations, and the
costs of the prototypes are also presented and discussed.

II. PROJECT DESCRIPTION

The system’s main purpose is to efficiently harness solar
energy and convert the energy in a useful form for common
domestic appliances and devices. The system responds to its
environment in the shortest possible amount of time since it is
designed as a real-time system. It is able to make decisions to
increase its efficiency and to ensure its safety; it always be
aimed at a position to maximize the irradiance and limit the
battery charge/voltage to the indicated values. The system is
fully autonomous; however, the user could monitor critical
real-time information about the system on an integrated LCD
unit.

The mechanical structure of the system is able to resist
winds, storms or severe temperature. The electronic
components are grounded and shielded to resist lightning and
reduce electromagnetic interference. This project also provides
a green solution of non-polluting energy sources. Some basic
market analysis was performed to ensure that the product is
relevant to real world needs. Observing the significant
negative impact on the atmosphere caused by traditional
energy sources, it has been recognized that there is an urgent
need for cleaner energy. Moreover, the National Renewable
Energy Lab (NREL) predicts that with the rising cost of
traditional electricity sources and the falling price of
photovoltaic panel, it will be cost effective to invest into solar
panels in the years to come [5]. There are already numerous
intelligent solar energy systems now available on the market,
but the design team of this project is striving to offer the



market an affordable and efficient solution. Hence, an
autonomous semi-portable solar power system is constructed
to supply power to a standard-sized home or remote areas. It is
intended to serve as a supplemental power supply for home
usage or a stand-alone power supply in remote areas. The key
aspects of this product are that it is affordable, efficient, stand-
alone, relatively easy to transport, and ready to use.

III. DESIGN SPECIFICATIONS

The solar energy system designed and developed includes a
solar panel, a battery, and an inverter. The solar panel is
designed with a tracking mechanism that directs the panel
towards the area of high sunlight intensity. It also has a
method of concentrating the sunlight onto the photoreceptors
on the solar panel. All of these maximize the amount of solar
energy collected from the sun within a specific timeframe;
thus, increasing the efficiency of the solar panel in absorbing
solar energy by at least 15%. Furthermore, a battery is
connected to the solar panel to fully charge it in 8 hours. The
system has an inverter to convert the 12 VDC from the battery
to 120 VAC, 60 Hz. The inverter outputs at least 300 Watts
which is enough to power electrical gadgets such as a laptop
or a standard television. Lastly, the design has a method of
collecting, processing, and displaying data such as voltage and
charging status on an LCD monitor. The entire system weighs
less than 100 1bs and is semi-portable.

IV. DESIGN CRITERIA

A. Feasibility Criteria

The purpose of the criteria is to narrow down possible
solutions to one that fulfills the main goal of the project;
which is, to design a semi-portable real-time solar energy
system which can absorb solar energy from the sun, store it in
a battery, and convert this energy to a useful form that can be
used to power electronic gadgets. To be feasible, the design
for the solar energy system should:

e Be possible to assemble: The design for the solar energy
system must not be complex to construct. It must be realistic
and something that can be assembled.

e Weigh less than 100 Ibs: The system must be semi-
portable so that it can be easily moved from one place to
another since it is also meant to serve as a stand-alone
source of power in remote areas. The weight is therefore a
factor that must be considered. The entire system must
therefore collectively weigh less than 100 1bs.

e Harness energy from the sun and use it to charge a
battery in less than eight hours: The system must be able to
absorb the sun’s energy and use this energy to charge a
battery. The battery must charge in no more than eight
hours.

e Have a concentration method that yields at least 15%
increase in efficiency than normal solar energy systems: The
system must be able to concentrate the sun’s energy it
collects on the solar panel. The concentrating method used
should increase the solar panel efficiency and allow it to
maximize the total energy it collects.

e Have an efficient tracking system: The system must be
able to track the sun in order to absorb the highest amount
of solar energy possible. It must allow movement in at least
two directions.

e Convert the energy stored in the battery to 120 VAC,
60Hz: The system must be able to convert the energy that is
collected and stored in the battery to 120 VAC, 60 Hz. This
is the form of energy used in homes in the United States and
the output voltage needed to power American appliances.

e Collect, process and display real-time data of the system
on an LCD screen: The system must also be able to collect
real-time data from the system, process it, and display this
data on an LCD screen.

B. Merit Criteria

A merit criterion was developed to compare the various
feasible design alternatives for this system. This criterion is
necessary because it exhibits the strengths and weaknesses of
each design in terms of properties critical to the success of the
project. The following information explains the merit criteria
used to analyze and select the best design.

e Concentration: Standard conventional solar panels have a

conversion rate of only 15% to 16% of power output

efficiency [6]. The chosen panel, Kyocera KD135GX-LPU,
loses between 10% and 30%, depending on the selected site
location [7]. To compensate for the range of efficiency loss,
this panel can be equipped with mirrors and/or a lens.
Providing any form of concentration will increase the power
output efficiency; however, the chosen method should
achieve at least between 15% to 20% increase in power
output efficiency, as well as maintain the budget, aesthetics,
and portability. A merit matrix analysis (scale 0-10) was
developed for the different concentrating methods. The
different methods evaluated are Reflectors, Parabolic

mirrors, and Fresnel lens (Fig. 1).

e Angular Movement: In order to achieve the project goal

of efficiently harnessing solar energy, the panels must track

the sun’s movement throughout the day, along the azimuth,
and throughout the season change, along the zenith

(altitude). The motors and/or linear actuators used must be

able to rotate and move the panel at the proper angle for the

azimuth and zenith to be that of the sun, on a daily basis and
as the season changes. After gathering a range of degrees of
the sunrise and sunset at different latitudes, it was averaged
that the azimuth and zenith to range from 0 to 45 degrees

[8]. The angular movement of the system was weighed at

40% because it is the most important factor surrounding the

goals of this project.

e Performance — Low Power Consumption: The

performance of this system is strictly based on power

consumption. It is weighted at the second highest, 30%.

Not only does the system collect energy from the sun, but it

is also powered by the same energy stored in the battery.

Thus, the amount of power each design consumes is an

important factor when selecting the best design.
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Fig. 1. Concentration Methods: (a) Reflectors; (b) Parabolic mirrors; and (c)
Fresnel lens (Courtesy of: www.greenrhinoengery.com).

e Low Assembly/Installation Cost: A substantial amount of
resources were provided. The assembly cost was strictly
based on how much it would cost to purchase the motors
required for each design and it is weighted at 15%.

o Aecsthetics: It is based simply on the appeal of the system
and is also geared towards the marketing aspects of this
project. The system appealed to future consumers and met
the cost and portability specifications. It is weighted at 15%.

V. ENGINEERING DESIGN AND ANALYSIS

Feasibility Analysis

The student team initially came up with six designs. Using
the feasibility criteria listed earlier, a feasibility analysis was
conducted to determine whether each of the suggested design
alternatives were feasible. Only three designs were found to be
feasible and those are presented in this paper. Each of the
three design alternatives requires a fair amount of work to
assemble. They each have tracking mechanisms to track the
sun as well as the ability to harness energy from the sun and
use it to charge a battery in less than eight hours. The three
design alternative can also convert the voltage from the battery
to 120 VAC to power electronic devices. Lastly, each design
is semi-portable and able to collect, process, and display data
on an LCD monitor.

Merit Analysis and Final Design Selection

A. Concentration Merit Matrix

Concentration methods have been designed to increase the
efficiency lost in solar panels. Table I shows the different
concentration methods and their merit values based upon each
criterion in question. The analysis is based on a scale 0-10,
with a score assigned for each category. The concentration
method should cost less than $150. The method that costs less
would have the highest rating in the cost category: Reflectors
— cost $126 (merit factor 8); Parabolic mirrors — cost $130
(merit factor 8); and Fresnel lens — cost $139 (merit factor 6).

The method that was lightweight would have the highest
rating in the lightweight category: Reflectors — weight 21 lbs
for 5 pieces (merit factor 7); Parabolic mirrors — 20 Ibs/piece
(merit factor 6); and Fresnel lens — 8 lbs for 12 pieces (merit
factor 10). The method that was the easiest to assemble would
have the highest rating in the assemble difficulty category.
The student team decided that the Fresnel lens is easier to
assemble and it is also more convenient for aesthetics of the
designs. Voting on a scale from 1 to 10, the average score
received are: Reflectors 5, Parabolic mirrors 3, and Fresnel
lens 7.

TABLE I
CONCENTRATION MERIT MATRIX
Cost Weight Assembly Total
Reflectors 8 7 5 20
Parabolic Mirrors 8 6 3 17
Fresnel Lens 6 10 7 23

It is seen from Table I that the best concentration method is
the Fresnel lens, which scored 23 out of 30. The Reflectors is
the next best method with a score of 20 out of 30 and the
worst method with a score of 17 out of 30 is the Parabolic
mirrors.

B. System Design Merit Analysis

The following merit analysis was performed on the final
three designs (Table II). The merit criteria discussed in section
IV were used to select the best design: Angular Movement -
In order to track the sun and obtain the maximum efficiency
from the solar panel, the length at which the linear actuators
extend and retract must achieve the proper angle of the panel.
The panel must track the sun as it move across the sky, which
is approximately 180 degrees east to west. Each linear actuator
and/or DC motor required for each design should achieve the
required lengths. Thus, they all received a merit factor of 10.
Performance - Design Il requires more power because the
PDX16 Gear motor it uses rotates the entire base that the panel
and linear actuator rest upon, which includes the weight of the
panel with attached lens, the linear actuator, and the
mechanical structure. The total weight resting upon the motor
would cause it to have to work more, thus drawing more
current and power from the 12 VDC battery (merit factor 1).
Design III uses two actuators wastes power because one
actuator cannot move without the other moving, which is not
necessary and should be avoided if possible (merit factor 5).
However, Design I power consumption is negligible because
in this design majority of the solar panel weight rest up the
zenith actuator, which only moves based on the season
change. Therefore, the load on the azimuth actuator is much
less, thus requiring less current drawn from 12 VDC battery to
operate on a 12 hour tracking basis (merit factor 10). Low
Assembly Cost - Maximum amount to spend for the motors is
restricted to $300. Hence, Designs I and III received merit
factor of 10 and the Design II received the merit factor of 0
(cost of motors > $300) on motors. The cost factor depends
solely on that amount required to assemble this system.
Aesthetics - On a scale from 1 to 10, each member of the



student team voted on aesthetics of each design. Designs I and

II received an average score of 8 and Design III received 6.
TABLE II
SYSTEM DESIGN MERIT ANALY SIS

Design [:
Merit Total
Weight Characteristics Factor | Merit

Performance
(Power 30 Negligible 10 300
Consumption)
Assembly Cost 15 $277.98 10 150
Aesthetics 15 Appealing 8 120
Angular Movement 40 Achievable (two

24” actuators) 10 400
Total 100 970
Design 1I:
Performance
(Power 30 Waste of Power 1 30
Consumption)
Assembly Cost 15 $339.98 0 0
Aesthetics 15 Appealing 8 120
Angular Movement 40 Achievable

(40” actuators) 10 400
Total 100 550
Design I11:
Performance
(Power 30 Negligible 5 150
Consumption)
Assembly Cost 15 $223.98 10 150
Aesthetics 15 Appealing 6 90
Angular Movement 40 Achievable (24”

actuator and DC

motor) 10 400
Total 100 790

According to the merit analysis (Table II), design I is the
best option for the system. Design I scored a 970 overall in
merit analysis. The second best design is design III, which
scored 790, and the third best design, design II scored 550.

VI. MECHANICAL STRUCTURE DESIGN

The CAD drawings in Fig. 2 provide a 3D view of the final
design.

@ (b)

(c) (d
Fig. 2. (a) The system view; (b) Azimuth angle at 45 degrees; (c) Azimuth

angle at 45 degrees and Zenith angle at 45 degrees; and (d) Top view -
Azimuth angle at 45 degrees and Zenith angle at 45 degrees.

VII. ELECTRONICS AND HARDWARE DESIGN

This section describes the entire electronics and hardware
components that are part of the system and how they are
interfaced.

A. Inverter

The power inverter, commonly called inverter, is an
electronic device or circuit that converts direct current (DC) to
alternating current (AC). Inverters have many applications in
the electronics industry due to this ability. In this project, it is
needed to convert the power coming from the solar battery
into an AC form which is needed to power electrical devices.
The inverter does not produce any power. The power it
outputs is provided by current supplied by the battery which
serves as a DC power source. An inverter can produce a
square wave, a modified sine wave, a pulsed sine wave or a
sine wave as an output depending on the circuit. In this case, a
true sine wave is desirable since most electronic devices are
programmed to function on. Inverters can be self-designed or
bought as ready-to-use manufactured device.

The PSPICE schematics in Fig. 3 were developed for the
inverter which would be converting the 12 VDC from the
battery to 120 VAC to power electric appliances.

The Wattage produced by the inverter depends on which
transistors are used for Q1 and Q2 as well as the current
produced by the transformer, T1. With Q1, Q2 = 2N3055 and
T1 = 15A, an output power of 300 W is obtained. More power
requires larger transformers and more powerful transistors.
The 2N3055 transistor can only handle 15 A. 68 uF, 25 V
Tantalum capacitors were used in this inverter circuit because
regular electrolytic will overheat and explode. HEP Silicon
diodes were used as the diodes in this circuit while the
transformer was a 24V center-tapped transformer. Finally,
since this inverter produces 120 VAC, it was built in a case
with a fuse included. An outlet was then provided to serve as a
connection for the electronic appliances. This circuit can be
modified to produce an output of 220/240 VAC instead of 120
VAC by replacing the transformer with one that has a 220/240
V primary. The rest of the circuit stays the same but it takes
twice the current at 12 V to produce 240 V as it does 120 V.
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Fig. 3. The inverter PSPICE schematics.

The following equations and calculations were utilized to
assist in coming up with the inverter design.

Turns ratio of transformer = (N2/N1)
V2 =VI1*¥(N2/N1)

i |

=>(N2/N1) = 120V/12V =10 l ... . |

Also, for current,

I1 =12*(N2/N1) (2)
Fig. 5a. The Kyocera KD135GX-LPU PV module [Courtesy of

B. Arduino Uno manufacturer].

The Arduino Uno (Fig. 4) is one of the most popular
microcontrollers. It is open source, and is widely used among - IRFADIANCE: AM1S, TRW/m?
hobbyist and professionals for diverse applications. It was Eﬁ\
used in this design because it is cheap and performs well, and 8
the team members are very proficient with it. While the \\\
Arduino Uno has 6 analog pins and only 12 usable digital 7 5
pins, the design requires at least 20 digital pins. Nevertheless, - = ¢\5° c\?“’ ¢
it still needs to be used because it is very well suited for real- l\l \ \
time applications. The Arduino Uno supports a large variety of

sensors, actuators, and motors; moreover, there are many of
those devices that are custom made for the Arduino Uno. Two
of these microcontrollers were used to satisfy all of this o \ \ \l
project’s requirements. \ “l ‘\
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Fig. 5b. Current-Voltage characteristics of PV module KD 135GX-LPU at
various cell temperatures [Courtesy of: www.wholesalesolar.com].
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Fig. 4. Arduino Uno [Courtesy of Nick Gammon: www.gammon.com.au]. s ———_.____\
C. Solar Panel \
. . . T 5| coowm \
The high efficiency multi-crystal, Kyocera KD135GX-LPU = \
photovoltaic module (Fig. 5a) was used. It is 59.06” by 26.30” g . __-\\ ‘\
by 1.8”. It has cell irradiance of 1000/m”2 at 25° C, an open = A0S e \ \
circuit voltage of 22.1 V, and a short circuit current of 8.67 A. <]
Figs. 5b and 5c show the current voltage characteristics of the \\ “
panel at various cell temperatures and at various irradiance 2 200 m?
levels respectively. 3 E— “
D. Battery o \&\“
The DEKA 8G34 photovoltaic battery (Fig. 6) used in this e i = =
design has a nominal voltage of 12 V and capacity of 70 Ah. It ¥ollage {V)

o o
can operate between -60" C and 60°C. Fig. 5c. Current-Voltage characteristics of PV module KD 135GX-LPU at

various irradiance levels [Courtesy of: www.wholesalesolar.com].
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Fig. 6. The DEKA 8G34 PV Battery [Courtesy of: www.ecodirect.com].

E. Linear Actuators

The following system requirements are needed for the linear
actuators (Fig. 7):

e Be able to apply a force to move 28lbs for East to West
tracking and 40lbs for north to south tracking.

e Have the calculated minimum required stroke length of
22” to allow the solar panel to rotate 45 degrees east to west.
e Have the calculated minimum required stroke length of
18” to allow the solar panel to rotate 45 degrees north to
south.

e Have a built in potentiometer for position feedback to
know the current extended length so that the actuators are
not commanded to extend or compress beyond their limits.

e Low Cost

Fig. 7. Linear Actuator w/Potentiometer (Stroke Size 24”, Force 150 Ibs.,
Speed 0.40”/sec) [Courtesy of: www.progressiveautomations.com].

There are 5 wires for the linear actuators with a built in
potentiometer (Fig. 8). The first two wires are to supply power
to the linear actuator; one for positive voltage and the other for
ground. The polarity of the voltage supplied effects if the
actuator extends or compresses. For this reason polarity
switching is necessary. This can be accomplished by using a
motor controller that can allow for bidirectional control of a
DC motor hence switching the voltage polarity.

The next three wires are for the built in potentiometers in
the linear actuators. They are a 5V input voltage (yellow), the
ground for that voltage (white), and an output signal wire
(blue). The analog output of the potentiometer was connected

to analog input of Arduino. The signal wire outputs an analog
value that indicates the linear actuators current position.

10Kohm
@ Red +12 vdc
Black gnd
yellow 1 white black red
blue »

A Positive Power Wire +

__ Negative Power Wire - (Actuator extends,
reverse polarity to

— Potentiometer Reference retract)

“ — Potentiometer Reference

Potentiometer Wiper
(Position Signal)

Fig. 8. Linear Actuator Wires [Courtesy of: www.progressiveautomations.
com)].

F. Motor Controller

The Pololu Dual VNH5019 Motor Shield (Fig. 9) was used
because it met the following requirements:
e Could control more than one linear actuator, since two
were used.
e Can handle voltages well beyond the 14V that was
supplied. This is done because if even for an instant the
battery supplies a voltage more than the controller can
handle it will do harm to the circuits.
e Can handle current well over the maximum current
motors is intended to experience. For the preferred design,
using two 24” linear actuators the maximum current those
actuators will experience under full load is SA. The motor
controller must support well over SA of continuous current.
e Low cost.

(=)

o,
Fig. 9. The Pololu Dual VNH5019 Motor Shield [Courtesy of Pololu:
http://www.pololu.com/product/2502/].

The Pololu Dual Motor Shield allows for controlling two DC
motors with the use of an Arduino. Its motor drivers can
operate motors that require 5.5V to 24V and can provide up to
12A of continuous current for each of the two motors
connected to it. The linear actuator motors at most consume
5A of current and operate at 12V DC. This motor controller
provides all of the requirements necessary to control the linear
actuators effectively and efficiently. Since this controller can
withstand up to twice the voltage and current the motors are



expected to experience, the controller has no need to generate
a lot of heat and it can last a very long time.

G. Charge Controller

In their article entitled “Development of a Microcontroller
Based Maximum Power Point Tracking Control System”, the
authors [9] prove that the Maximum Power Point Tracking
(MPPT) can increase the efficiency of a photovoltaic system
by 15%. They explain that MPPT is an intelligent feedback
control based technique that tracks the input voltage of a solar
panel and compares it to a constant reference voltage. The
resulting difference signal (error signal) is used to drive a
power conditioner which interfaces the photovoltaic panel to
the load [10]. In this project, the JUTA MPPT-10 charge
controller is used (Fig. 10) that implements MPPT. Moreover,
the JUTA MPPT-10 also performs overcharge, over-
discharge, battery reverse current, overloading, short circuit,
and reverses polarity connection protections. Figure 11
compares the power output of a regular charge controller to
the power output of a MPPT charge controller.

Fig. 10. JUTA MPPT-10 Charge Controller [Courtesy of manufacturer].

I(A)

1 .
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0 2 4 6 8 10 1214 16 18 20 22 U(V)
Fig. 11. Regular charge and MPPT solar charge controllers’ power output
comparison [Courtesy of manufacturer].

The regular charge controller operates at point A while the
MPPT solar controller operates at point B. The area under the
curve represents the power output.

Different power output calculations:
Power output of A=13.2%9.8=129.36W

Power output of B=18.4%9.3=171.12W.
According to the manufacturer, the MPPT solar charge
controller can yield a 32.28% increase in the power output.

H. Current Sensor

The Hall-Effect based ACS758 linear current sensor
(Fig. 12) was used to measure the output current of the solar
panel. The ACS758 is made up of a precision, low-offset
linear Hall circuit with a copper conduction path located near
the die. The manufacturer explains that “the applied current
flowing through this copper conduction path generates a
magnetic field which the Hall IC converts into a proportional
voltage” [9]. The datasheet also says that “the device accuracy
is optimized through the close proximity of the magnetic
signal to the Hall transducer” [9].

Fig. 12. The Allegro Microsystem ACS758 current sensor [Courtesy of the
manufacturer].

VIII. SOFTWARE DESIGN

As explained in the hardware architecture, there are two
microcontrollers in this design. The first one is dedicated to
the sun tracking system.

The dual-axis tracking system requires four light dependent
resistors (LDRs) which provide the values needed to
communicate to the Pololu Dual Motor Shield (Fig. 9), which
drives the linear actuators. The system also needs two 24”
linear actuators, a 12 VDC power supply, a 5 VDC power
supply, two 10 kQ resistors, and an Arduino Uno R3. Each
LDR is connected in series with a 10 kQ resistor. The five
wires on each linear actuator are connected to a 12 VDC
power supply, a 5 VDC power supply, and an analog port on
the motor shield. The Pololu Dual Motor Shield (Fig. 9) is
mounted on the Arduino Uno R3 (Fig. 4). The flowchart of the
Arduino program is shown in Fig. 13.

The Arduino program imports the Dual VNHS5019
MotorShield library. This library provides a set of functions
that allows the program to control the motor shield, which
controls the linear actuators. The program takes voltage
readings from the four LDRs and compares their differences.
The most important variable in the code is the deadband value.
The deadband value provides a reference value for the
calculated voltage difference to compare to. If the absolute
value of the calculated difference is greater than the dead
band, the program will adjust the linear actuators. If the
absolute value of the calculated difference is less than and/or



negligible compared to the deadband, the program will delay
for one minute and re-run the program from the beginning.
This method of polling satisfies the project specifications of
providing a real-time system, despite the fact that the sun’s
azimuth does not change significantly in one minute. The
daily motion of the sun is 360 degrees in 24 hours [11], which
is 15 degrees every hour. Keep tracking the sun through a 12
hour period during which the system will check every minute
for voltage difference between four LDRs. The motor
controller will extend or retract the linear actuators until the
voltage difference equals zero.

Read LDRs

b

Calculate
difference
between LDRs
readings

Delay for
Yes—® 1o

Delay
program
for 1 min

Abs Diff >
Deadband?

Delay for
1-3s

Is East
LDR >
West
LDR?

Extend/Retract
Azimuth Nor
Actuator

Yes

Extend/Retract
Azimuth
Actuator

Delay for
1-3s

Fig. 13. Arduino program tracking flowchart.

IX. CONCLUSIONS AND RECOMMENDATIONS

The student team [12] has designed and built a solar
tracking system that fulfills the requirements of a low cost but
efficient solar energy system. The design costs less than five-
hundred dollars for assembly and less than three-hundred
dollars for the motors.

Among three design alternatives, design I proved to be the
best. It has the lowest power consumption, which is crucial to
the system because the maximum amount of output power was
needed. It accomplishes flexibility in handling the necessary
tracking by allowing a minimum of 45 degrees east to west
and north to south rotation.

The key aspects of the product are that it is affordable,
efficient, stand-alone, relatively easy to transport, and ready to
use. The system is also designed to be autonomous so that the
user does not have to do a lot of configuring once the system

is set up. The design weighs less than 100 Ibs, and consists of
wheels for added portability.

The cost effect system built is functional and is kept in the
Energy Systems Lab at MUSE. Series of tests will be
conducted on the system at the end of the Spring Semester
2014. The solar tracking system will be available for data
collection and be used as demonstration equipment for
Electrical and Computer Engineering students at MUSE in the
near future.

REFERENCES

[1] What is U.S. Electricity Generation by Energy Source? - FAQ - U.S.
Energy Information Administration (EIA). (n.d.). U.S. Energy
Information Administration (EIA). Retrieved August 29, 2013, <http://
www.eia.gov/tools/fags/faq.cfm?id=427&t=3>

[2] Kothari, D. P., and Nagrath, 1. J. Modern Power System Analysis (3rd
ed.). New Delhi: Tata McGraw-Hill Pub. Co., 2003.

[3] Chandler, Nathan. "How Does Solar Power Help the Environment?" 29
August 2012. HowStuffWorks.com. <http://science.howstuffworks.com/
environmental/energy/solar-power-help-environment.htm> 29 August
2013.

[4] Solar Technologies | Photovoltaic Solar Panels | Thin Film Solar Panels |
Solar Thermal. (n.d.).Solar Panels, Photovoltaic Systems, Solar
Solutions for Home, Business & Utility-Scale — SunPower. Retrieved
August 29, 2013, http://us.sunpowercorp.com/solar-resources/how-
solar-works/solar-technologies/

[5] Watson, A., Giudice, L., Lisell, L., Doris, L., and Watson, S. B., “Solar
Ready: An Overview of Implementation Practices”. Contract Volume:
303 (2012-01-01) ISSN: 1530-6224

[6] Kelly-Detwiler, Peter. "As Solar Panel Efficiencies Keep Improving, It's
Time To Adopt Some New Metrics." Forbes. Forbes Magazine, 16 July
2013. Web. 15 Sept. 2013. <http://www.forbes.com/sites/peterdetwiler/
2013/07/16/as-solar-panel-efficiencies-keep-improving-its-time-to-
adopt-some-new-metrics/>.

[7] "The Kyocera KD135GX-LPU 135 Watt Solar Panel's New Technology
Allows for End Mounting under 2400 Pa(50 Psf) and Traditional
Mounting under 5400 Pa (113 Psf)." Kyocera KD135SX-LPU 135 Watt
Solar Module. N.p., nd. Web. 11 Oct. 2013. <http://www.
wholesalesolar.com/products.folder/module-folder/kyocera/KD135GX-
LPU.htmI>

[8] "Solar Angle Calculator." Solar Electricity Handbook. N.p., n.d. Web.
25 Sept. 2013.  <http://solarelectricityhandbook.com/solar-angle-
calculator.html>.

[91 Koutroulis, E., Kalaitzakis, K., Voulgaris, N.C., "Development of a
Microcontroller-based, Photovoltaic Maximum Power Point Tracking
Control System," Power Electronics, IEEE Transactions on , vol.16,
no.1, pp.46,54, Jan 2001

[10] "Rolling Resistance." Rolling Resistance. N.p., n.d. Web. 5 Sept. 2013.
<http://www.engineeringtoolbox.com/rolling-friction-resistance-d_1303
html>.

[11] "Tracking Systems Vital to Solar Success." Web. 26 Sept. 2013. http:/
solarenergy.net/News/4080902-tracking-systems-vital-to-solar-success/

[12] Dumas, M., Ingende, G., Tention, K., and Thompson, M., “Real-Time
Intelligent Solar Energy System,” Preliminary Design Review, Mercer
University School of Engineering, Macon, GA USA, December 2013.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


