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ABSTRACT
With the increasing thrust towards sutomation, the need for man to ease out some function
becomes an issue, which cannot be over emphasized. Hence with the presence of photosensitive
semi conductors the issues of automation in conncctién with light can be easily achieved which
is one of the objectives of this work. The main objective of this work 18 tol design, cbnstruct and
test a darkness activated streetlight system with a solar backup. The major task of this work is to
ensure availability of light on the street always and only when light is needed, with solar power
backup light is always available when it is dark and with photo resistor light is only available

when needed. Both light switching and power switching are automatic.
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CHAPTER ONE
INTRODUCTION

Engineering is all about making life easier through the application of science for
the design and building of devices.

In the beginning of energy saving in street lighting, one or more luminaries
were switched on and off by time switch (simplified liéhting control device), this does
save about 50% of energy but destroy the uniformity to an extent which is dangerous
this is not acceptable any more or supported by any national or international standard
.most streetlight systems function dependently on human operators. Though these
switches function satisfactorily in normal condition, tuf'ning the light on and off at the
preset time.

The discovery of optoclectronic such as light dependent resistor (LDR),
photodiode, photo transistors and photo thyristors which depend for their operations on
what is called photoconductivity effect this has reduced human involvement in the
switching operation, and ‘had increased in the use of automatic switching systems. As a
result of this, human and electrical energy are conserved greatly with human errors
greatly minimized [3].

PURPOSE OF STUDY

Streetlight systems, regardless of their size or placement, typically employ
normal switch to control overall operating times. These switches can mange the
oberation of an array of strectlights within a system, or one switch can be present on
cvery light within the system. The purpose of this project is to create a photo sensor that

upon sensing changes in light intensity make decision to alter the operation of the



streetlight. This streetlight  sensor will have the ability to control the intensity of light
supplicd by the streetlight bulb and also supply light to the street at all times it is
needed, making the unit able to react to its surroundings more effectively. Such a
sensor will undoubtedly be more reliable tl_um its predecessors and more cost effective,
noi only duc to its ability to rcduce the output of unnccessary encrgy, but also duc to its
effects on the streetlight bulb it sclf,
AIM AND OBJECTIVES

The aim of this project is to design and construct a darkness activated
streetlight. A low power streetlight sensor that will llll"ll on and ofT at dusk and dawn
respectively, automatically and also construct a continuously powered system in which
upon power failure (main power), a solar power sensor design to charge up a battery to

scrve as back-up for the system supply with the entire system completely independent

of human mvolvement,

The objectives of the project are:

To construct an automatic switching system that can clficiently and effectively switch
streetlight on at night or when the weather is dark and 'off during the daytime or when
the weather is bright ,

To dcnmnﬁlrnlc how & photo resistor can be use to control the aclion of dependent

events.

To construct lighting system that will always be available when light is needed.



DESIGN METHODOLOGY

According to Dentsch and Cock 1980, the subject of rescarch mcthodology
refers to the arrangement or collection and analysis of data in a manner that aims to
combine the relevance of the research purpose with procedure. Several scientific
materials and books about how to begin carrying out the project were consulted.
Relevant websites with nuseful information about the design, construction and
implementation of the project were also visited. The aim was 1o get the most effective
and economically viable design for the project; this stage also involved the simulation
of the circuit design on an clectronic soflware application (clectronic workbench).

The project work was sub divided into six blocks, cach block was designed
separately and all connected according to the desi gn flow.
These blocks consist of the power supply unit which involves voltage transformation,
rectification and regulation by the use of transformer, diode and capacitor, and voltage
regulator respectively. This is followed by sensor unit which sense light intensity and
fed a comparator with two voltages one fixed and the other variable depending on the
light intensity, the comparator unit which compare the voltages from the sensor unit
and produce the difference as an output to the logic unit. the logic unit decide
(depending on the output of the comparator) and produce cither a high (1) to switch a
transistor ON or low (0) to switch it OFF in the switching unit. finally if the transistor is
switched ON, it switches a relay connected to the load (power bulb).the back-up power
which supply the system power if the mains fail, a solar panel charge up a battery, the
battery discharge to the cibrcuit as soon as the mains power fail. This mecthod used was

to avoid design mistake and skipping of any section of the device.



SIGNIFICANCE OF STUDY.

The significance of the study is to design a device that will operate completely
and efficiently without human involvement thus reducc hardware complexity in
switching.

SCOPE AND LIMITATION.

The scope of the design is to sense light and switch off a bulb or sense darkness
and switch on light . The limitation is the inability of the device to differentiate between
artificial light and sunlight.

PROJECT OUTLINE

Chapter one talks about the topic introduction, aim/objcctives, bricf outline on
limitation, application and its relevance.

Chapter two is about the project literature review, principle, recent development and
theoretical background.

Chapter three entails the main objective of the design, design and implementation,
analysis, selection of components, coupling of devices and design calculations.

Chapter four discuss test and measurement of component (hardware) and debugging of
the software component and casing of the project.

Chapter five based on summary, problems encountered and finally recommendation for

future work.



CHAPTER TWO

LITERATURE REVIEW

HISTORY AND DEVELOPMENT OF STREETLIGIITING

As early as the 18" csntury, British law requires home owners to place burning
sticks or fagots on their public ways as measure to prevent crime [1]. Later oil lamps
were used to brighten roads, the use of gas lamps followed. Then in 1978 Charles brush
demonstrated his arc light in Cleveland, Ohio, and by the turn of the century arc lamps
were familiar sight in the cities through out the world. Today most of the world streets
are illuminated by clectricity, which are controlled automatically [2]. The automatic
controlled device was made possible by the way the LDR was connected with the fixed
resistor [3]
LIGHT DEPENDENT RESISTOR

A light dependent resistor, alternatively called an LDR, photo resistor or
photocell is a variable resistor whose value decrease with increasing incident intensity.
An LDR is made of high resistance semiconductor .if light falling on the device is of
high enough frequency, photons abso bed by the semi-conductor give bound electrons
energy to jump into the conduction band. The resulting free electrons (and its hole
partner) conduct clectricity, thereby lowering resistance.

A photoclectric device can cither be intrinsic or extrinsic. In intrinsic device, the
only available electrons are in the valence band, photons must have enough energy to
excite the clectrons across band vap, cxtrinsic device have impurities added, which

have a ground state encrgy closer to the conduction band.



Two of it carliest application were as part of smoke and fire detection systems, and
camera light mcters. Because cadmium sulfide cells arc incxpensive and widely
available, LDR arc still used in devices that need light detection capabilitics, such as
sceurity famps and clock radios 3]

PHOTOVOLTAIC CELL

All these were before the advent of photovoltaic cells. The term “photovoltaic”
comes from the Greek words “photo” meaning light and “voltaic” mcaning clectrical,
from the name of the Italian physicist Volta, after whom the measurement unit volts are
named. The term “photo-voltaic” has been in use in English since 1849.a solar cell or
photovoltaic ccll 1s a device that convert light cnergy into  clectrical cnergy
Jfundamentally ,the device needs to fullill only two [unctions: photo generation of
charge carricrs (electrons and holes) in a light absorbing material, and separation of the
charge carriers to a conductive contact that will transmit the clectricity .this conversion
is called the photovoltaic cffect, and the ficld of rescarch related to solar cells is known
as photovoltaic [4].

The first applications of these cells were in the construction of yard and street
lamps i the carly ililxclics (90s). These lamps were not very popular because they were
expensive to build, and the technical known-how was still at its beginning .however,
within the last twenty five (25) years solar technology has greatly improved [4]

Pancls on a rooftop collect energy from sunlight and convert it directly into clectricity.
solar pancl contain scmi-conducting material ,when light strikes the material ,electrons

move from one layer of the material to another ,forming an electric current. The
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svelopment of photovoltaic cell technology has brought hope to circumstance of
ower failure and to areas that before now could not be supplied with electricity [6]

he devclopment in strect lighting technology has come a very long way, and even
rday researches are still being carried out to create the lest power consuming ,reliable,
vailable, environmental-friendly type of street which this is part of aim of this project
rork.

OLAR POWERED LIGHTS

Expcctations are increasing for solar-pow&:red LED lighting to become’ the
nvironmentally friendly outdoor lighting for the 21st. century by using the natural
nergy contained in sunlight as the light source to power LEDs, which offer
utstanding environmental performance and nmintainzllbilily. Also, the fact that they
ave their own independent system for generaling power means that they can be
nstalled in places where running underground power lines would be difficult and can
unction as emergency lighting when utility power has failed, such as in the event of an
arthquake. As a result, huge demand is anticipated in l'hc future as the next generation
f lighting that mects the three all-important criteria of being cnvironmentally friendly

ilus offering safety and peace of mind.

Sharp introduced its first solar-power LED strect light in October 2005, and
hey have since been installed in a varicty of locations, including schools, parks, and
;ommercial establishments. Now, high-intensity LEDs brighter than ever before and
levising a new method of dispersing the light enables the LN-LW3A1 to achieve a

rrightness rivaling 32-W inverier fluorescent lamps, which continue to grow as the



dominant product for outdoor crime-deterrence lighting applications, and the LN-
LS2A1 to achieve a brightness comparable to 20-W fluorescent lamps, which are

currently the mainstream for security lighting,

Solar-powcred LED lights are stand-alone lighting systems that generate electricity
from the encrgy of sunlight during the day and supply that clectricity to power lights at
night. The LN-LW3A1 can reduce emissions of CO2, a cause of global warming, by
approximatcly 48 kg per year. The LEDs used in the light-generating section have a
service life of approximately 40,060 hours, and can be uscd for approximately 10 years

before requiring replacement. In addition, they use no mercury, an environmentally

hazardous substance.

They generate no CO2 cmissions and work by storing clectricity generated by

sunlight during the day in storage batteries lo provide illumination at night.

The operation of the LN-LW3AT1 climinatcs approximately 48 kg of CO2 ecmissions per
year compared to using lighting units powercd by conventional utility sources. The
integrated 1.I:Ds usc no mercury, an environmentally hazardous substance, and also
cmit no ultraviolet light. Furllicr, because they huvc: a long scrvice life requiring
replacement only once cvery 10 years, almost no time and cffort is involved in

maintenance.

The light from the LN-L.\V3A1 is not bright enough to enable a person to make out the

general facial features of o pedestrian on a darkened street or walkway at night from up



> four meters away, regarded as the minimum distance required to take evasive action

fter judging the other person to be suspicious
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CHAPTER THREE

SYSTEM DESIGN AND ANALYSIS

MODE OF OPERATION

The project involves an LDR, a solar panel, a battery, a light source and a

controller board. The dzvice work on the principle of automatic switching ON and OFF
of the light source and a'so automatic switching between two power sources.
The darkness activated streetlight system make use of sensor to sense environmental
light intensity and then switches the light ON or OFF, if the weather is dark, it will
automatically switch ON light regardless of the period of the day. the photo resistor
(light sensor) sense environmental light intensity as its input which depend on the time
of the day (day or night) or on weather condition (bright or cloudy).

At night, the resistance of the LDR can be as high as IMQ, and the voltage due
to the input signal is less than the set comparator refetence voltage, the output of the
comparator goes high, then the output of the comparator will drive transistor which
serve as swiltch to the relay and a reply to their ON state which consequently switches
ON the light bulb. During the day, the resistance of the LDR can be as low as 15Q, the
voltage of the input signal is greater than the set comparator reference voltage and it
produce a low output which cannot drive the transistor and then switches OFF the relay
and also switches OFF thc light.

SYSTEM DESIGN
The project work is sub divided into six main sections as stated earlier in the design
methodology. They include:

the power supply section



2. the light sensor section

3. the comparator section

4. the logic unit

5. the switching section

6. the back-up power supply section

This are shown in the block diagram below

y

Switching
control unit

Mains power Light Comparator Logic unit
supply sensor unit unit
Back- up

power supply

Fig 3.1 Block diagram of the project

SYSTEM REVIEW

The power supply section is where the entire system gets its main electrical

energy. It consists of 220-240 ac soﬁrcés from the mains, which stepped down to 12v,,

by a 230/12v step down transformer. The 12v,. was rectified using full wave bridge

rectifier arrangement of four 1N4007 diodes and the output of the rectifier was filtered

or smoothens with a 2200uf/16v electrolytic capacitor to give a minimum ripple, and a

10k< resistor to limit the output current. The rectified voltage regulated to a constant

8vac voltage by the use of a 7808 voltage regulator.



The backup power supply section takes over power supply if the main source
tbove fails or not available .it consist of a Sv solar panel which can produce a
naximum of 5v on a sunny day ,the output of the pancl charge up two 6v rechargeable
satterics connected in series 1o produce 12v.the 12v from the battery and 12v from the
mains are fed into a change over relay ,the relay is a normal open (NO) type , if there is
power from the mains, it will close and supply {from mains, and if not it will open and
thus supply from battery and close again as soon as the mains is restored. The final
output of the change over relay either mains or battery will be fed to the voltage
regulator whose output regulated voltage of 8v provide the entire system power.

The sensor scction comprises of a fixed resistors and light dependent resistor
(LDR) connccted in such a way that there will always be two voltage sources. one
voltage source will be fixed and the other varying depending oﬁ weather condition,
cither day or night, the two voltages are fed into the non- inverting and the inverting
inputs of the LM339 IC used as a comparator .the comparator compares the two
voltages and give out either logic 1 or 0 depending on the values of the inverting and
the non-inverting inputs, these constitutes the comparator scction.

The logic unit consist o 555 timer 1C which on receiving an input from the
output of the comparator scction produces a high (pulse 1) as output and if there is no
output from the comparator it produces a low (pulse 0) thus it serve as decider whether
to trigger the switching transistor or not depending on the output of the comparatolr.

The switching scction consist of @ BC547 NPN transistor and a normal open

clectromechanical relay, the 555 timer IC in the logic section provide the current to

12
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trigger the transistor into conduction ,the transistor in turn supply to the relay and it
closes and switch ON the bulb.,
POWER SUPPLY SECTION

The power supply unit converts the 220-240vac mains (o 12vde which is to be
constant, even if there are fluctuations in the ac supply voltage. This was achieved
through the following operations:
transformation
rectification
filtering or smoothing

The block diagram of these operations are shown in the figure below

Mains
—>

regulator

Transformation | Rectification Filtering

A
Y

Iig 3.2 block diagram of power supply unit

TRANSFORMATION OF VOLTAGE

This involves stepping down the 220-230v mains voltage to 12v using a step
down transformer .the output current rating of the transformer used is GA.
Transformers make use of clectromagnetic induction to transfer clectrical energy {rom
one winding called the primary winding to the second winding called the secondary
winding. this transformation process encounter some form of losses, though it is
impossible to find an ideal transformer in practice , that is a transformer that has no
losses, its windings have no ohmic resistance, there is no magnetic leakage and hence

,
has no I'R losses.



If a practical transformer is efficient, and transfer energy from the primary to
secondary windings with little energy losses inform of heat, the simple ideal
transformer cquation can be appliced to relate the number of turns on the primary coil

and primary ac voltage to the number of turns on the secondary coil and the secondary

voltage .the transformer equation is:

Vacl-
'1c1: N1 _x
Vac2 N2

Where:

Vae1 = primary ac voltage

Va2 = secondary ac voltage

N, =primary numbers of turns

N; =secondary numbers of turns

K  =constant (voltage transformation ratio)

From above equation of transformer, N}/N; =K

If N, >N 1.e. K<1, the transformer is a step up type and
If N, <Nji.c. K>1, the transformer is a step down type.

For the onc used in this work

Vae1 =230v
Vaa = 12v
N, =?

N, =?

14



Then —=—
N 1

Since N2 < N1, it means that it is a step down transformer

23 OVa: 1 2Vac

(VAVAVIVIVIV,
NNNNNN

z

N,

Fig3.3 A step down transformer

When Vo1 = 230v is applied to the primary winding, and the turns ratio =20:1

Then M = 7 =20

N2 V2
Therefore r2 = L

y1i 20

V2= 4

20
230 . g

And Vac2 = ~12v will appear at the secondary winding as output thus

transformation of 23Ovac to 12v, is completed.
3.4.2 RECTIFICATION
This is a «ircuit that employs one or more diode to convert ac voltage to dc
voltage (pulse). In this project full wave bridge rectifier circuit was employed, this
requires four diodes arranged in such a way that current flow through the load in one

direction in each half cycle of the AC voltage.

15



The 1N4007 diodes were used, for they are low voltage and current diodes but
are very [ast which makes then ideal for use with very high frequency cirguits. These

diodes arc widely used in rectification and timing circuits

Components: the following components are used for rectiZication-

Table 3.1 component for rectification
Name | Componcents Used ! Description | Number of
components
required
TRANSFORMER ' TRANSFORMER Transformer | |
|
RES - RCO5 Resistor 1
| |
e — R
DIODE  1N4007 Diode | 4
VGEN VGEN Ac  voltage | 1
source
GND | Ground 1
Theory: -

The Bridge rectificr is a circuit, which converts an ac voltage to de voltage
using both half cycles of the input ac voltage. The Bridge rectificr circuit is shown in

the figure below. The circuit has four diodes connected to form a bridge. The ac input



voltage is applied to the diagonally opposite ends of the bridge. The load resistance is

connected between the other two ends of the bridge.

For the positive half cycle' of the input ac voltage, diodes D1 and D3 conduct,
whereas diodes D2 and D+ remain in the OFF state. The conducting diodes will be in

series with the load resistance Ry and hence the load current flows through R

For the negativc half cycle of the input ac voltage, diodes D2 and D4 conduct
whereas, D1 and D3 remain OFF. The conducting diodes D2 and D4 will be in series
with the load resistance Ry and hence the current flows through Ry in the same
direction as in the previous half cycle. Thus a bi-dircctional wave is converted into a

unidirectional wave.

£3

A\ We—

I'ig 3.4 rectification circuit diagram



Peak Inverse Voltage

Peak inverse voltage represents the maximum voltage that the non- conducting
diode must withstand. At the instance the secondary voltage reaches its positive peak
value, Vi, the diodes D1 and D3 are conducting, where as D2 and D4 are reverse biased
and are non-conducting. The conducting diodes D1 and 'D3 have almost zero resistance.
Thus the entire voltage V), appears across the load resistor R;. The reverse voltage

across the non-conducting diodes (D2 and D4) is also V. Thus for a Bridge rectifier the

peak inverse voltage is given by P, =vy,
Ripple Factor

The ripple factor for a Full Wave Rectifier is given by

TR

The average voltage or the dc¢ voltage available across the load resistance is

1 o .
Ve = —J. 7, sn @t diat
o

2V

Va Ly »
=—|"cros mij =

4 [ L b4
Lp=Yee o e g g e
% R, xR T oJ2



RMS value of the voltage at the load resistance is

Efficiency
Efficiency, is the ratio of the dc output power to ac input power

_dcoutputpower P,

acinputpower B,

%, [

R L 7] 8/ _o812-810%
- "y a

RI __.4"/\!'(5

The maximum c(ficiency of a Full Wave Rectificr is 81.2%.

The output wave forms arc shown below

19
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b < a0
S s

[1e 3.5 output wave forms for rectification

4.3 FILTERINC 022 SMOCTHING
The o tput ol the vectifier consists of two components:
1. The DC comnenent
2. The AC or ripnic component.
The purposc ol filtering cr smoothing is to rcduce the ripple component to a minimum

value.

A bridee rectifier makes use of four diodes in a bridge arrangement to achieve
full-wave rectitication. This is a widely used configuration, both with individual diodes
wired as shown and with single component bridges where the diode bridge is wired

internally. the RC filter that 1s a shunt capacitor filter shown in figure 3.1.3 (a) was

employed in this project to filter the ac ripple shown above 1n {ig.



Dy D,

230Vnc Hl 12Vnc

F—

R’
Di | 16V I2ROOUFS 1040

Fig 3.6 RC filter circuit for rectification

In the (l‘ﬁOV‘C circuit, a 2200uf capacitor was connected across the rectifier and in
parallel with the load RL to achieve filtering action. This filter circuit depends (for its
operation) on the property of a capacitor, it charged up and discharges during half non
conducting cycle. A capacitor opposes any changes in voltages when connected across
a pulsating dc voltage it tend to oppose the changes and thus smoothen out or filter out
the pulsation (or ripple).
Design calculation
Since ripples increase with increase in the load current (output current) according to the

formulac.

ripple factor =

| !
1arer  aarer !
Where:
y =ripple fuctor
F = frequeney

C =capacitance value ol the capacitor

21



4.4

Ry = load resistance
V, = peak rectifier output voltage = 123V

Ige = output current = 6A

But the ripple factor was = 0.482

F=50Hz
20
R.= —I@—:"—:}S/\Q
Ide G
1
Then C = = 2397uF

44/3%50%3.3%0.482

The choice of 2200uf was made based on the lémd current ,it was found large
enough to reduce the ripple ,increasing the filter capacitance, that is using a higher
magnitude of capacitor tend to reduce the ripple magnitude, it has been found that
bigger capacitance has the following a;lvantagcs:
it reduce the magnitude of ripple voltage more
it increasc V.. toward the limiting value V,
It reduces the time of current pulse through the diodes.
It increasc the peak current in the diode.
VOLTAGE DNEGULATION

In an unregulated power supply, the output voltage changes when ever input
supply voltace or load resistance changes, that is, it is never constant. The change in
voltage from no load to full load condition is called voltage regulation. The aim of a

voltage regultion circuit is to reduce these variations (o a minimum possible value if

not zero.

|
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3.5

A lincar regulator was employed in this project work, in a linear regulator, the
transistor opcrate somewhere between saturation and cut-off, it is always ON and

dissipate power hence it cfficiency is always 50% or less. The cfficiency was obtained

by the formulac

Vi
. 1
Since Vi = -2—Vn
1
Vn——Vn
efficiency = — * 100
Vn
Therefore, = % *100
=50%

Where:
V, = no load or open circuit terminal voltage of the supply
V= full load terminal voltage of the supply.
SENSOR UNIT

The sensor unit consists of a light dependent resistor (LDR) and fixed resistor
connected as voltage divider to give two different de voltages. One voltage is obtained
by connecting a fixed resistor and LDR, making the voltage to vary depending on the
amount of illumination on the LDR, while the second voltage is obtained by connecting
two fixed resistors in such a way that the voltage remains constant and it is used as a

reference voltage.
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Fig 3.7 circuit showing resistor arrangement
LIGHT DEPENDENT RESISTOR (LDR)

The light dependent resistor or photo resistor is a two terminal scmi conductor
device whose tcrminal resistance will vary with the intensity of the incident light. It is a
transducer (scnsor), which convert light to resistance. It is made from cadmium
sulphide (CdS) or cadmium sclenide (CSc) and resistance decrcasc as the brightness
falling on it increase .the resistivity of a conductor depend on the number of free charge
carriers availablc in it [14].

When there is no light or little light falls on the LDR, the number of charge
carrier is small, and hence resistivity (resistance) is high, but when light in form of
photons strike the LDR, each photons delivers energy to it, if the photo energy is
greater than the energy band gap of the LDR, free mobile charge carrier are liberated

and as a result. resistivity (resistance) of the LDR decreases.



The scnsor unit is based on the fact that the resistance of LDR decreases in the
presence of light and increases when darkness covered it. This gives varied voltages at
day time and nieht, the possivle voltage divider connection of LDR with fixed resistor,
the first one is to connect the [ix resistor to the ground and the TDR to the source, and
the second mecthod is to connect the LDR to the ground and the fix resistor to the
source. the sccond method was choosen for this project due it protective advantage that
the positive voltage is always resisted by the fixed (Rf) resistor instead of causing
damage to the LDR.

Design calcu!:tion
Since the input voltage is 8V and the current measured was approximately 0.8mA, the

resistance value that can withstand the current will be:

Using ohms ¢ nation

R=V/I
R =8/0.8mA
R=10K®Q

But when two 10K are connected in parallel

From voltage divider theorem

[RAIS

Vout xSV

TT060 ¢ 10O
Vou[ = 4V
It was obscrves! that the LDR start conducting at the range of S0k€-100kL2 avceragely.

Rlelr
’ + Nldr

From Vout * 17in
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Where

Vin=8v

Rygr = SOKQ (taken)

Re=?

Vout = 4v

If Ryg is taken to be 5(51{9, for Vu to be 4v, Rf must be S0k too. But for Vo> 4v, RE
must be less than 50k therefore it was halfed to about 22k which is more close to 25k to
obtain V> 4v since voltage due to the fixed resistors = 4y as shown above

Then voltage due to LDR will be:

Rl
Vout = T« Vin

1\’-/. "l' l’\’lvl Y/’/‘

SOACY
SUALY Lo

Vout = -
22k 4 30kC)

Vou=5.55 ie. >4V

N
=<
A 4

Output to comparator

R3
— N\ NN~ 2
10k
R4
10k
0

I'ig 3.8 circuit arrangement of sensor unit
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COMPARATOR UNIT

This unit 1s required to compare two voltages V1 and V2 and then produce their
difference as output.

The LM339 is a verv common comparator integrated circuit. It is designed for
use in level dctection, low level sensing and memory application in consumer,
automotive and industrial electronic applications. It possesses four comparators in built.
Each unit opcrates independently. The integrated circuits comparators unit works the
same way as conventional types.

Calculation
In the evening thic resistance of the LDR falls between SOKQ-100KQ

The reference will be obtained by

Y
|
Vout = ———]\— * Vin
R1+ 12

Where R; and 12> are two fixed resistors of 10KQ each

1()’_’..
Vout = —— —-*8v
10/\' 4] /\

Vout = 4V thix will be fed to the inverting input of the comparator

The non-inveing input value depend on the value of the resistance of the LDR

If the valuc i 7K then
Rl
Vout = _\ R
RS+ /
o
Vout = > —* 8y
224 4 !



Vour = 5.55

Therefore the comparator output is given by

V=V,-V,

From above V=5.55-4 =1.55

In this case 1th comparator gives logic 1 as output

But if the resistance of the LDR is less than 50K then the V2 will be less than the V1
and V will give negative value and the comparator will produce logic 0 as output.

The figure below shows a typical comparator circuit diagram

12V
LDR
R7

NMVYV

228

AV -

10K ! . LM339D
SR9
S10R
I

Tig 3.9 A typical comparator circuit diagram.

The comparator usually holds two analogue inputs and produce a single digital
output. The two inputs are the non-inverting(positive) and inverting(negative) terminals
the digital output is cither logic 1 or 0 depending on the inputs situation when the
voltage at non-inverting input(Vin(+))is greater than that of the inverting (Vou(-)),the

output is always logic 1,(high). But when the inverting is greater than the non-inverting

inputs the output condition is always low (logic 0) [19].
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i.e. if Vip(+) > Vi, (-) output is logical 1

Vin () < Vi, (-) output is logical 0
In this project V;=Vin (-) was made the reference point and V,=Vin (+)
the varying input, this is made so in order for the output to respond in a particular
manner.The 1C is a 14 pin configuration. Pins 1,2,13 and14 are output which requires a
resistor to V.. A typical resistance value is 10kQ, it is encourage by the manufacturers’

data sheet. Only onc of the comparator was used in this design.

PULSE GENERATION (LOGIC UNIT)

The loeic unit consists of 555 timer, shunt capacitor and resistor which serve as
current limiters. The 355 timer is conligured in monostable mode, the circuit produces a
single output pulse when triggered. it take track of the comparator current send it to the
transistor which act as switch, this current depend on light intensity that fall on the
LDR, if the Iioht has Iess intensity than the sunlight it might not be sufficient to charge
up the capacitor and also trigger the transistor, this unit control is the decider which
decide base on Tieht intensity, so even if a car passes and flash some light on the LDR

the light mig":t not be sullicient to switch off the transistor.

vV
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I'ig. 3.10 Logic unit circuit diagram

The dnrtion of the pulse(time period) T is determined by the formulae
T=1.IRC
The timing period is triggered when the trigger inputis less than 1/3Vs
For the comparator cutput of 1.55V and 0.3mA
R=V/[=1.55/0.3m\ =47KQ
Choosen an average period of 180 seconds

180
1.1%4740)

=250l

2.2uF close 1o 2.5u"" was choosen since the capacitor charges to 2/3 its capacity=67%
Therefore the time period becomes

=101 *A7KQ ¥ 20 =1.9minuite
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And the frequency 7= =0.5Hz

1 1
T 19
SWITCHING UNIT

In concept, the transistor in the circuit function as a current controlled switch, it
closes whenever an impulse signal is fired at its terminal to pass and thus activate the
relay, until the signal reaches zero value, at which point the device opens again and
await another impulse signal to close it terminal connection. The most commonly used
transistor switch is the NPN variety. The secret to making a transistor switch work
properly is to uct the transistor in a saturation state. For this to happen we need to know
the maximum load current for the device to be turned on and the minimum HFE of the
transistor., it wus estimated for a load that requires 100mA of current and a transistor
with a minimue HIFLE of 100, we can then calculate the:minimum base current required

to saturate the tunsivtor as follows:

100mA

max inun base current= —»—O——- =1m.-

In actual practice, it is best to calculate about 30% more current than will needed to
guarantec our transistor switch always saturated. In this case, we will use 1.3 mA. We
must also sc'oct our supply voltage, so, for this work 8volts was used.
max imum curront=100m.d

Supply Volta:e = 8 Volts

The ¢iavram is shown below.
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IS AV

W
N

output

Q1

input ta,
2N1711

O

Fig 3.11 switch unit circuit diagram

Transistor switches are LiSCd for a wide variety of applications. Transistor
switches are commonly used to turn on transmitter circuits, LED’s, cooling fans and
even relays as seen above, However, when using a transistor to turn on a relay coil, it is
very important to usc a 1IN4001 diode reversed biased in parallel with the relay coil as
in Figure above. This is to prevent the kickback voltage in the reverse polarity from
destroying the transistor. This reverse volfage occurs momentarily When'the normal
current stops ﬂowing through the coil. It is good practice to always use a diode when
turning on any inductive ioad. Transistor switches are often used to take the low-level
output from logic circuits to turn on or turn off the relay

BACKUP POWER SUPPLY



Solar power was choosen to charge up a battery for back up power of the system
the was choosen because it 1s most abundant and casily accessible and it can be kept
close to a device in which it is powering,

This unit consists of solar pancl connected directly to battery as shown below in fig 3.6

VI1 .Solar Panel
il
12 V
0
33%3595
. 1

load
[ig 3.12 Back —up unit circuit diagram
The solar panel charges the battery during the day time, since the battery does
not discharge at that time, at night when there is main supply, the battery does not
conduct neither does it charae because at night the solar pancl produce as low as 0.2v
which is negli¢ible compared to maximum voltage of Sv. But when the mains fail the
battery take over and start to discharge. The diode at the solar terminal prevent back
E.M.F from the battery to the pancl.
3.10 PRECAUTIONS
1. Each intcgrat-d circuit chip used was protected with a particular IC socket to prevent

them from heat destruction attributed (o soldering iron.



the circuit was properly checked for short circuit before been powered
Some sensitive wires were glued to the board to prevent unwanted removal.

during soldcring ,components were well spaced on the board to prevent short circuit

and wrong connection

data sheets of every used component were consulted before they were incorporated into

the circuit
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4.1

CHAPTER FOUR

TEST, RESULT AND DISCUSSION
In line with the objective of this project work, after aa in depth analysis. of how
the circuit is supposed to function, the next step is the physical construction of the
circuit on a proto type electronics Vero board and powering the circuit to see if it will

operate as expected .but before construction of the circuit, a number of factors were

considered such as:

type of Vero board to be used

size of board duc to casing

nature of connection to be made on the board

Supply line to the circuit.

CONSTRUCTION

The circuit was first implemented on a breadboard for preliminary testing ,if
the proto typc was built without this preliminary stage there is the possibility that some
component muy nced to be removed or added and this might lead to problems like
damaged terminal, damaged component, short circuit, of)en circuit among others.
The construction was started on Vero board after the acquisition of the components. the
Vero board was cut to a sive that should accommodate the complete circuit diagram and
fit into the casing as well. The circuit was implemented bit by bit from one stage to the
other .each sub-circuit was solely completed and then connected together. Sh'ort circuit

and any wrong conncction from the circuit diagram were properly checked to avoid
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damage to the components. When {l.e circuit was completed, it was then powered and
tested to scc il it was work ing properly.
TESTING

The testing was aimed at. checking the complete function of the circuit. The
testing involved the solar panel, LDR, and finally the while circuit functionality.
During the test, the following tools were used:
Digital multimeter-the i gital multimeter basically measures voltages, resistances,
continuity, current o.t.c. tlic process of implementation of the design on the Vero board
requires measarement o [parameters.

Bench power supply-this was used to supply voltages to the various stages of the circuit

during the construction,

The test was carried out in stages: Iirst, the output from the LDR was observed
and measurc! at various times of the day for several days. This was to determine it
resistivity outnut variation at different period with different interssity of light.

Sccondly, the output from the solar pancl was mcasured at various times and
intervals, it was alvo o defermine jt oulput voltages at different periods of time to
ensure approoviate corrent level for battery charging.

The nextwa to measare the outpul voltage from the main rectifier circuit using
digital multinicter 1o ensure silety of the circuit components. The outputs of the various

blocks were also mensured, up o the final stage of lighting the bulb.
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4.2

damage to the components. When the circuit was completed, it was then powered and
tested to scc if it was working properly.
TESTING

The testing was aimed at. checking the complete function of the circuit. The
testing involved the solar panel, LDR, and finally the while circuit functionality.
During the test, the following tools were used:
Digital multimeter-the gital multimeter basically measures voltages, resistances,
continuity, current o.t.c. {he process of implementation of the design on the Vero board
requires measurement ol parameters.
Bench power supply-this was used to supply voltages to the various stages of the circuit

during the construction.

The test was carried out in stages: I'irst, the output from the LDR was observed
and measurcd! at various times of the day for several days. This was to determine it
resistivity outnut variation at different period with different intensity of light.

Sccondly, the outpat from the solar panel was measured at various times and
intervals, it was alvo 1o determine it output voltages at different periods of time to
ensure appronviate crrent level for battery charging.

The next was to measure the output voltage from the main rectifier circuit using
digital multirseter 1o censure safety of the circuit components. The outputs of the various

blocks were also measured, up to the final stage of lighting the bulb.
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RESULT

The various result obtained during the test were shown below

Table 4.1 Light Dependent Resistor (LDR) resuli

Day Sunset/Sunrise | Dusk/Early Night Pitch Black
Morning
Photocell <50K 50K-100K i01K-474K | 475K-1.6M" >1.6M
Response(£2) (S '
% Maximum 0 68 80 90 100
Voltage Output

The above table shows that if the LD

switching ON he bulb and if it <=50K it will

day time that the bulb will go

Tabie 4.2 solar panel results

OFF.

R response is >= 50K, it will work effectively by

switch OFF .fhe bulb, therefore it is only during the

Time Intervals

Average Voltage Output From Panel

9-12am 4.6V
12-3pm 5.0V
3-5pm 4.4V

The table above shows the output from the solar panel a

day. it produce maximum voltage between

power is being supplie

12 noon and 3pm, finally, the bulb comes ON a

d to the circuit and the LDR is covered, when the LDR is uncovered th

bulb goes OFF, which gives the desired result of the work.

t different time intervals of the



DISCUSSION

Having desiencd this circuit following its theories of operation, the construction
was a success and testing carried out. the results were really evident in nature, as the
main aims of darkness activated switch and automatic power change over were
achieved.

Covering the liaht sensor automatically trigger ON the streetlight, the light
remain ON until it is uncovered. When it is covered. and the mains power cable is
removed, the battery takes over power supply and when the cable is replaced it switches
back to the mains sunply.

Moreover, a tully charged battery put the lamp on for roughly 4 Hours. Also,
the charging scction ol the circuit was desigried to .be able to charge a complete
uncharged battery witlin a reasonably short period of time. A Sv solar panel was
choosen to slowly churoe the battery since it is not always used. Choosing a higher
value may lead to over charging of the battery and lead to damage of the battery of its

short life.



5.1

5.2

CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS
CONCLUSION
The darkness activated strectlight with solar power back up system has been
successfully designed, constructed and tested. the device constructed achieved its
desired objectives, with regard to its functionality and cost effectiveness. However, it
should be stated here that (he device is prototype and that a larger sale implementation

would cost relatively less. The unit responded well to changes in light level and also to

power sourccs available.
RECCOMF.\'DATION

Project work forms a vital part of the university education and is of many
benefit to the students since it is of morc effective and has more impact directly on
student. I herchy make the following recommendations for the improvement on thjs
project:
the circuit could use a small size battery of equivalent POWer to increase compactness
Some featurcs in forn of entertainment or sound could be incorporated into the system
to entertain possershv with either messages or just sound.
Microcontro!!ers conld e used to control light intensity instead of a capacitor, since
programmin: can control hardware more efficiently than ordinary component which
can fail at an time.

Final’v, [am therefore calling on engineers to keep following the technological
evolution an." make vse of available matcerials to achieve the most sophisticated modern

design aime! sim:liciy, compatibility, reliability, availability and flexibility. Further



more the automatic darkness activated strectlight system with solar back-up can now be

used in many streets with or wirhout power supply problem.
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