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ABSTRACT

This project is on the design and construction of an automatic streetlight controller

using a Light dependent resistor (LDR) as the sensor.

The project is designed to improve upon the system of sureatlight controls which has
evolved from the use of electrical components (such as contactors, heavy cables and panels

which are very heavy, complex and laborious to install).

Light dependent resistor are better sensors of light and if utilized for the control of
streetlights, whose operation is dependent on natural outdoor lighting, then a more efficlent
and effective streetlight system will be achieved as the triggering of the streetlighi will be much

more dependeni on the environment and not just the circuitry.

.
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CHAPTER ONE

1.1 INTRODUCTION

The discovery cf devices dependent on light like photo-resistors, photocells, photo-
transistors which make use of simple sunlight energy to generate electric energy has greatly
reduced the involvemerit of markind in power switching operation. As a result of this, man

made errors are reduced and life becomes more comfortable to live.

The Automatic Street Lighting Control System is an electronic device that involves the
natural switching ON when it is dark (at night) and switching OFF when there is any source of

light (during the cay).

The circuit design requires a 13V dc power supply for operation. The circuit is
designed using a light dependent resistor (LDR) as the sensor and an operational amplifier as
the comparator for comparing night and day voltages across the LDR sensor. As light falls on the
light dependent resistor sepsor in the day time, its resistance becomes low therefore low
voltage is developed (since resistance is proportional to voltage). The voltage across it is not
sufficient to bias the transistor hence cut-off state. However, during the night when there is no
light falling on the light dependent resistor sensor, its resistance becomes higher and enough
voltage is develo.:ed across the light dependent resistor sensor which in turn forward biases the
transistor to saturation state, thereby energizing the PNP transistor power switch and hence

power is sent to the load.

Finally, th~ circuit design is incorporated with a batt;ery znd a battery charging circuit
that provides a back-up for cases of power failure to help sustain power continuation until
power from the Power Holding Company of Nigeria (PHCN) is rastored. When the mains is
powering the circuit, the battery will be charging up, as soon as there is interruption in power,
then the power discharges its stored energy to drive the circuit until power from PHCN is

restored.
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1.3

AIMS / OBJECTIVES

To improve upon the system of street lighting controls which has evolved from the use
of electrical components such as capacitors, heavy cables and panel which are very
heavy, coraplex and laborious to instali.

To reduce thé invoivement of man in power switching operation.

To implement an automatic switching system in place of a methanically-operated
switching.

To achieve the control of a street light that is much more dependent on the

environment and not just tiie circuitry.

~ To overcome the wear encountered by the component in a mechanically operated

switch. '
To implement an automatic centroi unit that is cost effective.
To increase the power conservative culture.

To make life easy and more convenient for people.

DESIGN METHODOLOGY

The design requires a 13V power supply which deals with the supply and regulation of

DC power, the battery and battery charging unit which provides a back-up for the power supply

incase there is power failure from PHCN. A light dependent resistor {LDR) as the sensor which

measures the intensity of light from the surrounding is also required. A 555 Timer which

functions as a signal conditioning circuit and acts as a Schmitt trigger which triggers the

switching of the PNP transistor power switch, is used in place of a relay system to trigger ON

the light when it is dark and OFF in the day time.
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1.4 SCOPE AND LIMITATION

Various problems are faced by manually operated switch for street lighting in our
P

residential area and industries: problems like

i.  Attendance by manual operator
ii.  Power wastage auring the day when the operator fails to put off the ligh«ing.

iii.  Leaving street and industries dark during stormy and cloudy weather.

The abovea problems are solved by this electronic device “Automatic Street Light

Controller”, which has a greater electrical advantage.

However, the des’zn is a small scale version of the controller and is limited in its usage.

Also, finance and time of research were various limitation of this project.
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CHAPTER TWO

2.1 LITERATURE REVIIW

One of the first references to any form of street lighting was in 1405 when Alderman of
the city of London was made responsible for ensuring that evefy house adjoining the highway
provided a lit candle from a lantern from dusk until 9pm. Since then the technology of street
lighting has made great and significant advances, particularly in vievs of the development of

new light sourcns and the increased density of fast moving traffic.

Evolution cf autctnatic switches is linked to the quest by man to have his surrounding
conditioned to control his device so that life can be made much easier. Series of development
has taken place zince then. Lamp and lantern greatly improved. As early as 18t century, British
law required hoine owners to place a burning stick or forgot (bundle of firewood) outside their
homes in the nigiit as @ measure to prevent darkness and thereafter, oil lamps were used and
gas lamps to brighten roéds’and pathways. Later in 19" century an American technologists

Charles Brush developed the arc lamp. Today streets are illuminated with electricity.

The first controlle- to put streetlight ON and OFF was the ‘amp lighter’, who went
round lighting gas lamps and since iihen, there have been many methods to control or switch
lights individuallv, in groups, cr in large numbers. For many vears, the most reliable and
economical syst.:i.3 has being the solar dial time switch. This is a clock driven by a synchronous
electric motor. The solar dial is itself compensating and works automatically for the daily
variation of switching ON and OFF time which relates directly to sunrise and sunset. The
disadvantage of <ular dial time switch is that its automatic switching of streetlight is based on
average daylight conditions, ard it needs resetting after every power cut. There is a strong
argument for a switching device controlled by ambient daylight conditions (example, to switch
light on when there is fog or when it is dusk early owing to an overcast sky). The modern
photoconductive cell fulfils this requirement and is used extensively for new streat lighting

control.
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This project is embarked on putting in mind the various modifications that can be added
to improve the sireet lighting system in Nigeria. Past projects on this topic have been studied,
theieby making .a effort to im.prove on them. This one has a battery charging circuit which

provides backup mcase of power failure.

Engineering as a field of study is all about making the entire life more meaningful and
easier. This is one of the reascns why this project has been put together to serve as a remedy
toward the manually*operated type of streetlight. This project also serves as a remedy towards

the rate of consumption of en2rgy {electricity} particularly in our street lighting control system.

Provision of street lighting system on our roads is very essential but also demands equal

measures of input towards controlling them, if desired and maximum utility is to be achieved.
2.2 THEORETICAL BACKGROUND

in arriving at the final design, the principle of operation of various components as gained during
the course of our Syear studies were seriously brought to mind. Vzrious components would
function di'ferently under different conditions. Therefore, a thorough appraisal of the theory
behind most components envicaged to be used in the design had to be made. It must be said
thaf this helped a bit in choosing what was considered the ideal materials needed for a good

construction of the project.

A block diagram of the simple street lighting automatic controller with a battery backup
is as shown in the figure below. Every block represents one stage in the whole circuit

arrangement. The ¢ircuiting involves;

i. "THE POWER SUPPLY »UNiT:;which consists of the AC power supply unit and the backup
ii.  THE CONTROL UNIT: whicf; contains the sensor (light dependent resistor) incorporated
into the 555 Timer.
iiil.  SWITCHING UNIT: which consist of the PNP transistor power switch

iv.  LOAD: which comprises of the light emitting diodes (LED)



POWEER SUPPLY
CONTROLUNIT
UNIT AND BATTERY »

!
L

BACKUP B . -

SWITCHING
UNIT

Fig 2.1 Block diagram of the controller

2.3 THE POWER SUPPLY UNIT

<

LOAD

2.3.1  BATTERY CHARGING UNIT: Most of the electrical devices require a DC source for their

operation. Dry ccils and batteries are one of the dc sources. They have advantage of being -

portable and ripole free. However, the voltages are low, they need frequent replacement

therefore, the need for a charging unit that charges the battery.

2.3.2 AC SUPPLY UNIT: AC supplies are the most convenient and economical sources of

power. The AC supply unit is more advantageous to convert from an alternating voltage to

direct voltages. The process of converting AC to DC is called rectification. This is usually smaller

in value. The rectification s accompiished with the help of rectifiers, filter and voltage regulator

A

circuit.

-

For this prcject, the DC voltage is useful since the circuit contains electronic component

such as light dependent resistoi {LDR}, operational amulifiers (op-amp), integrated circuit,

transistors all which requires DC voltage for their operation.and proper biasing. A typical DC

power supply consists of five stages as shown in the figure below.

TRANSFORMATION I ! RECTIFICATION

FILTRATION

REGULATION

Fig2.2 Block diagram of a regulated dc power supply

233 TRANSFORMATION

Transformation is a process of converting AC voltage from cne voltage to another,

through the use of either a step-up or step-down transformer.




TRANSFORMER: This is 2 static (or stationary) component"that is used for transfer of electrical
power from one citcuit to another without change in frequency. A transformer can raise or
lower the voltage in a circuit ut with a orresponding decrease or increase in current. The
physical basis of a transformer is “mut:al induction” between two circuits linked by a common
magnetic flux. The coil, in which energy is fed from the AC supply mains, is called primary

winding and the cther from which energy is drawn out is callad secondary winding.

In this project, a step down transformer was used;

v

-
1
AN
—~
1
—_—

v, 0 Vo

N A

Fig2.3 Schematic diagram of a transformer

i
For an ideal transformer, the primary winding fluxes are sinusoidal, therefore;

FIUX; Qg = SINWE oo e S 2.0
.d
BULEVLE €= - N o e R 21
dt ' :
Hence;

d(Gq, sinwt
ee N S ) e 2.2
dt _

€ =-WN ,; COSWL et it st nenee .23

3

If flux varies sinusoidally, the r.m.s value of the induced e.m.f is obtained as;

i peak value e 1 WN
rms ~ \/i - \/2 “\/2 ¢’m

The E, s of the em.fparturn

1
Eturn,rm.,c = _\/_qu)m



But W = 2T]F -

o A 11 TS 2
E tttymrms= 888 F o covrioerooeess oo e s e s e s s s 25
El = 4.44FN1¢)"1 ......................................................................................................... 2-6
E 5 = AAAFN 30,y crovoeeeoveeeoevees e reesssssseessosssesseessessrssoeseesesss ssssmssssseseses sessssssssrssre 2.7

where FE is the total number of induced e.m.f in the primary.
N4 Is the total number of turns in primary winding.
I 5 is the total number of induced emf in the secondary
N, Is the total number of turns in secondary winding

From equation 2.6 and 2.7, we have;

Ei _Nai_)
2 Ny

Where K is the voltaze transformation ratio

However the transformer chosen for this power supply is 240/15V. This has the ability of giving

peak voltage of V2 x 15V = 21.2V

234 REETIFICATION

Rectification is the process of converting an alternating (AC) voltage into one that

is limited to one polarizv {DC voltage). The diode is useful for this function because of its

nonlinear characteristics (that is, current exists for one voltage polarity, but is essentially zero

‘or the opposite polarity).



RECTIFIERS:

This is an: electronic device that offers a low resistance 10 flow of current in tne

direction known as forwarid bias direction. A diode rectifier forms the first stage of a dc power

»

supply.

Rectification is cia;ssifi2d as half-wave or full-wave. For this project, a full-wave bridge
rectifier is used which is more common for electronic circuit. Full-wave bridge rectifier consists

of four discrete diodes connected to form bridge rectifier circuit.

o
In
o
| +
Out

—

Fig 2 4 The full-wave bridge rectifiet circuit

During the positive half of the input voltage cycle, v, is positive, Dy and D, is torward
bias, D3 and D, are reverse biase:d. During the negative half cycle of the input voltage, v is
negative, and D3, L1, are forward biased. The direction of the current produces the same

output voltage polarity as the previous stage..

The output waveform is shown below.

O



Time

Fig2.5 The output waveform of the full wave rectifier

2.35 FILTRATION

This is a process of removing fluctuations which appears as ripples in the output

voltage of a rectified ac by using filters.
FILTERS:

Afilter is the circuit used to remove the ripple in the ou{put voltage of a rectified AC. It
consists of a singlg capacitor connected across a pulsating DC voltage, which smoothens out the
ripple voltage. The capacitbr is an energy storage device. When the rectifier produces a peak
output, load current flows and charges the capacitor. When the rectifier output drops off, the
capacitor discharges and furnisiies the load curre;\t. Since the current through the load has

been maintained, the voltage across the load will also be maintained.
The effectiveness of a capacitor filter is determired By three factors;

1. The size of the capacitor
2. The value ¥ the lcad
3. Thetime between bulsations (ripples).
These tnree factors are related by the formula,
T=RxC
Where T is the time in secords (s)
R is the resistance in ochms (Q)

C is the capacitance in farads (f)

10
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In |
. ,
. +
D, Ds — Out

Fig2.6 Bridge rectifier filter circuit

Vs

rime

Fig2.7 Output wabveform

2.3.6 VOLTAGE REGULATION ,

The regulation of a power supply is its ability to hold the output steady under
conditions of changing input or changing load. The output also tends to change as the ac input
voltage changes. This can cause some electronic circuits to operate improperly. Since a stable

voltage is required, the power supply must be regulated. .

11



Regulated power supply is obtained by using a ve'tage regulated circuit. There are
various types of -egulatec circuit such as Zener diode shunt regulatcr, transistors series voltage
regulator, switching regulators and so on. All the abov2 mentioned circuits are made from

discrete components. K

The typ= of vo'tage regulator used in this project is the integrated circuit (IC) voltage
regulator for dc voltages. This IC has more improved performance as compared with the other
discrete component mentioned. They have unique built-in features such as current limiting self-

protection against over temperate and fold back current limiting.
2.4 CONTROL UNIT

This uni: comprises the combination of photo-detector (LDR) and operational amplifier

(op-amip) acting as a voltage comparator that compares the voltages of two inputs signals.

241 PHOTO-ZETECTOR

¥

Photo-detectors are davices that convert ogtical signals into electrical signals. They are
semi-conductor devices that can detect or sense optical signal through electronic processes.

These signals are subsequently amplified and further processed. An example is the LDR.
2.4.2 LDRSENSOR

Light dependent resistor {LCR) sensor is a photo conductive cell. It Is a two terminal
semi-conducting device whose resistance varies with the intensity of light that falls on it. Its
resistance decreases as the intensity of light increases and the resistance increases with

decrease in light intensity.

The resistivity or change in resistance of a photo conguctive cell depends on a number
of free charge carriers available in it. When the photo-conductive cell is not illuminated, the
number of charge carriers is small and hence resistivity is high. But when the light in form of
photon strikes the photo-conductive cell, each photon delivers energy to it, if the photon
energy is greater than the energy band gap of the photo-conductor, free mobile carriers are

liberated and as a result the resistivity decreases. .

12



Photo conductive cells have many applications for measuring light levels. and they can
operate in a wide range of light intensities. The sensitive element of this detector is made up of
individual grains c¢i zalciun: sulphide (CdS) and cadmium selenide (CdSe) which are cadmium

compounds and are part of the general make up of photoconductive cell.

There are many factors that determine the electrical characteristics of the

photoconductive ceil.

1. The wave!ength of the incident radiation
2. The temperature

3. The device voltage and current.

- CcS
A 100 2 -
. \1‘/ \ / \\
£ 80 Y ERY; R
-z ' L CdSg
b / N AN s
x 04 5 L1 ,/ /./,.. \ X(d(" .bt)w
E /// / ' 1\\" 4
Eonl iy \
400 500 €00 70C 8)X 900 1000
Waveleagth(rnm)
Figure 2.8(a): CdS Stereogram Figure 2.8 (b). CdS Sensitivity Scope

2.4.3 555 TIMERS

The 555 timer was chosen is a general purpose IC that can be used for precision timing, puise
generation, pulse width modulaticn e.t.c. the 555 timer can operate in both astable and
monostable modes, with timing pulses ranging from microseconds tc hours. It also has an

adjustable duty cycle and can genarally source or sink output currents up to 200mA.

A\J

13



The 555 ti:rer was chosen in this project because of iis low cost and availability. It is
available in the 1-}-pin dual in-line package and the 8-pin mini-DIP. The pin numbers shown in

this project are fcr the NE555 timer in the 8-pin package.

+VCC
8 A, o
. 7 |
Discharge - - I T e e yecharge
J Transist
5KkQ t ransistor
5 : ! i
5
Control - )
‘ IcOnﬁ)\
\ ]
6 ' j 1«’/ ¢
Threshold- -~ ! |- | ot e
L : .
| 2 5kQ Flip-florl | output|.. ... |3
| N -1 Q
|
‘ ’Ccmb
: 2 9 >
Trigger- <t - L v
/// |
. '
.
> 5Kk0)
1 i
Ground Reset
. Fig2.9 Function block diagiem of the NE555 IC Timer

The circuit consists of two comparators, which drive an RS flip-flop, an output buffer and a

transistor that discharges an external timing capacitor.

Comparatorl is called the thresiiold comparator which compares its input with an internal
voltage reference set at (:;-VCC ) by the voltage divider Ry, R, and R53. When the input level

exceeds the reference level, the threshold comparator output goes low, producing a low output

at flip-flop terminal Q. this turns the discharge transistor on.

14



Comparator2, called the trigger comparator, compares its input trigger voltage to an internal

voltage reference set to { %VCC ) by the same voltage divider network as before. When the -

cutput trigger level is reduced below this reference level, the comparator output goes high,

causing the ES tiip-flop to reset. Output Q gces high and the discharge transistor turns off.

2.5 SWITCHING UNIT

The switching unit comprises of transistor and a relay for triggering the circuit with

response to the signal from the control unit.
2.5.1 TRANSISTOR

The transistor is a semi-conductor device that can be employed to amplify an electrical
signal, it act as an electronic switch and perform a number of functicns. Basically a transistor
consisis of a germanium /Ge) or silicon (Si) crystal containing three separate regions. The three
separate regions may consist of either two P-typg regions separated by an N-type region (PNP)

or two N-type rezions sebarated by a P-type region (NPN). They are chown in tha figure below;

Fig2.10a PNP Transistor fiz2 10b NPN Transistor

Y.

The transistor action depends on the connection, that is. emitter-base junction must be
forward biased at:¢ the collector-base junction must be reverse biased. The three
configurations of the transistor are common-base, common-emitter and common-collector.

The choice of these connectiors depends on the impedance and gezin required by the circuit
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Fig 2.11aWPAN scheraatic fig2.11b PNP schematic

2.5.2 THE COMMON-EMITIER CONFIGURATION

The cormraon-emitter is used in this project because of its nigh value of cLrrent gain,

voltage gain arid powar gain at reasonable high resistance as compared to other configurations.

Fig 2.12 cormmon-emitter configuration of transistor

The commorn-emitter configuration has a grounded emitter, which is common to both base

and collector as shown in the figure above. In common-emitter, the input current and

Output voltage ar taken as independent variable, while the output current is dependent

variable written as

N A /2 o SR |
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The curve is as showr: in tne figure below.

ic )
o
L
Iy >0
» Veg
Fiéz .13 Common-emitter Characteristic curve
2.5.3 TRANSISTOR AS A SWITCH '

Transistor also operates as switches in electronic circuit. An ideal transistor switch
works on the common-emirter configuration, which is so conditioried to by pass linear state of
its function by goir; between saturation regions or the cut—qff stats. Bipolar Junction Transistor
has zero pov-er consumption ir: switching mode wkile ns heating effect (since the transient

state is bypass). The charecteristics of the switching result in large power gain.

When the voitage ir. the base-emitter region is reverse biased as well as that of
collector-emitter is reverse bias, V;< Vg (ON), then Iy = I = 0 and the transistor is cut-off.
Since I =0, the voltage drop actoss R is zero. Therefore, the output voltage is Vy=V¢, and the
power dissipation in the transistor is zero, thereby making the light output to be zero with zero

current.

But when a positive voltage is applied to the terminal, such that the base-emitter as

well as the collector-emitter are all forward bias, then V=V and if the ratio of Ry to R Is less

17



than B, where 2 is thu effective resistanca of the !oad, then the transistor is usually driven
into saturation, which means that a collector-cur;

load.

Vec Jis incuced that would turn on the

" Fig2.14 Diagram of a transistor switch

IC mA

|
Saturation<-—4—

y Active Region

VITTT]T //wo% '

F.g2.15 Output wave form

2.6 ZENER DICDE

They are calied Zener dicde because they exhibit the ‘Zener effect’, a particular form of
voltage breakilown. The Zener diode is a junction diode that has specific reverse breakdown

voltage unlike the rectifier diode. Figure 2.17 shows the characteristic curve of zener-diode

18



when reverse bia<ed. No <urrent flows until reaching its breakdown voltage then current

suddenly flowr.

*When a Zener dicde is forward biased, it behaves like a regutar silicon diode with a
barrier potential at 0.7volzs. Zener dicdes are used for shunt stabilization for voltage reference
as used in this project to discriminate the reference voltage as the comparator with respect to
signal voltage. Zener diode is u-iform in its mode of operation and irreplaceable by any other

electronic device,

Ip

Bregakdawn voltage

AW

\ 4
S

FIG2.i6 Diode I-V Characteristic showing breakdown effects
2.7 LIGHT EMITTING DIODE

Light emitting diode (LED) is a semi conductor device which ernits visible light when
forward biased. Tre calcr of the emitted light depends on the type of material used. LED is
always encased to protect their delicate views. Itis rugged and has a life of more than ten

thousand hours.

— Fig 2.17 Symbol of an LED

19



2.8  OTHER PASSIVE COMPONENTS

»

Passive component are component which cannot amplify pcwer and require an external
power source to cperate. They include resictors, capacitors and transformers e.t.c. their
application rangas from potential dividers to contrc! cf current (as in resistor), filtration of
ripples voltages and v'ocking of unwanted dc voltages (as in capacitors). They form the element

of signal conditioning in circuits. Their schematic diagrams and symbcls are shown below.

Resistor '

Capacitor .

*

Fig 2.18  Scaematic representation of the passive componert
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CHAPTER THREE

3.1 INTRODLCTION TO SYSTEM DESIGN

The light Emitting Diode based lighting system was dasigned with the following

objectives in ming;

i.  To design a lighting system implementing{so!id state optc-electronic devices, unlike gas-
based lighting sys:‘ems {CFL, incandescent bulbs e.t.c.)
ii. To design system with nower storage back-up in the event of a mains failure.
iii.  To design an automatic switching unit dependent on presence or absence of light.

The objectives were obtained with the diagrammatized system block shown

-

below.
ACinput
———— Power _— Regulator » Power > Current
————»  supply ! switch source
_ i ]
SR
' Light LED
Charger array
L & — sensor

Fig3.1 system block diagram
The system comprised the following subsystems:

% Mains derived power supply
% LM317T 13-volt regulaior

< LM317T 12-volt charger

% Light sensor (LDR)

¢ PNP transistor power switch
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% Programinable cuirrent source

% 21-diode white LED array.

3.2 MAINS DERIVED POWER SUPPLY

The loca' AC mains were used to supply primary power to tf e system. The mains voltage
was stepped down to 15-volts using a 220V /15V 2A transformer. The low voltage AC was then

rectified and regul=ted tc about 13-volts as shown in figure 3.1.

2
1

LM317 D7

, . « ... |LINE vreg! . . . BN S,
| VOLTAGE | ! I ]

V2 km lD:s i CO,M‘MO,N,., 1 ‘1‘\

R1
T1 S <
: ot ' S 222002
SRR A § 4! $2 | p | Z200uF
80 ke o | 3300uF e I
~ ODeg s | b2 *04 | « LR2 |
A [ %Z.ZKQ !
| l _

Fig3.2 system bloch diagram

Dy - D4 form a full-wave bridge rectifier that converts the 15-volt AC input to a pulsating DC voltage of

magnitude given by the relation. ‘

Vie = Vrms‘/E -1.4
Ve =15V2-1.4
=19.7V -

The resulting DC voltage was smoothened by a capacitance deduced fiom the expression;

Q=cv=1T
c=2
v



I = Maximurm, load current

V = peak-peak AC ripple voltage.

I max Was evaluated using the summation below;

A\

Battery cﬁarginf; current = 1A
LED current = (35mA x 7} = 385 mA {7-a: LED array)

Losses = 115 mA .

21 may = 1A+ 285mA + 115mA = 1.5A

»

The peak-to-peak ripple voltage was determined by the minimum input required by the
LM317T devices to rmaintain reg.lation. For a regulated 13.75V outnut, the regulator requires
precisely 15V. Calci.ating;

1
It 15Xo5=r  1.5%0.01

V' {17.7 =15} 4.7

= 3192uF

The value was increas=d to 3300pF for improved system specification.

The DC voltage was regulated down to 13.75V to drive a 7-arm LED array of 3-seried LEDs.
The smoothened DC voltage wes also fed into an LM317T regulator to vrovide the charging

current for the power storage battery.
3.3 LM317T 13-VOLT REGULATOR

The LM317T device is a 3-terminal adjustable regulator contigured as shown below.
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A

LM317
ro- 11.nm VREG‘ . .
] VOLTAGE i
' ‘ COMMON !
.. LR1
1 ! 2200 | c2
, 3300uF J‘ " 2200uF
5 LR2
| S22k
1

- Fig3.3 LM317 repulator

The cutput voltage is given by the formula

*

Vo =1.25(1+ ﬁ—l)
1.25 Is the internal reference voltage

R, And R, are the resistances indicatzd in fig3.2.

The regulator output was adjusted to be slightly above the battery maximum terminal voltage
so that power can 2 drawn from the mains during period of mains availability in the dark,

rather than from the hattery which should be charging.
3.4 LM317 12-VOLT BATTERY CHARGER

A second 31/ devic2 was used to provide battery charging ct:rrent to a 12volt DC
backup. The 317 was used in the constant-current constant-voltage mode. At the
commencement of the charging process, the regulator operates in the constant-current mode

in which the battery is charged at a steady current programmed by a current sensing resistor.

At the end of the constant-current charging phase, the charger enters the constant-
voltage phase in which the battery is held (or floated) at a potential determined by the values

of the voltage determining systeni elements. The charger is as shown beiow;

.
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LM317 R .
P Y TN N < I
[VOLTAGE
| common 1.00 | 1N5392 '+/5V6
Adjustable , 52200 | ! 4
'} J i J
R5 .’ 1.3 e
VAV .~ T0KQLIN 21000uF SE—pY.
i 10k —

t

|
> i
, | oy
| | a1 (coo14) ‘
| |

|

Fig .4 Constant-current Zon<tani-voltage charger

The maximum battery charging current was set by a 1Q resistance. The value of the

current is evaluated from the expression;

*

Vre
out = RS

-— = 1.25A

1.25
i

The float voltage = as set by the adjustment of the 10KQ potentiometer. It was adjusted to yield

a battery voltage ¢f 13V. The zener diode determines the battery minimum terminal voltage.
3.5 LIGHT SENSOR/DETECTCR

The light detector was designed around a CdS light dependent resistor (LDR) whose
resistance varies inversely with tihe amount of light reaching its sensitive surface. The LDRs

resistance change is converted to a voltage change by the circuit below;
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" VMee

»  To 555 Schmitt trigger (pins 6 & 2)

‘ R
A 120K LIN

1

i
|
|
!
!

Fig 3.5 Resistance-voltage variation by the LDR

The variativn of the LDR's resistance causes K (total divider resistance) to change, in

effect causing a change in current. The voltage Vj, across the LDR is then given by;

Vec .
Vbory = 1% RD(LDR) = (}?+ RD) XRp. -

3.6 PNP POWER SWITCH

Instead of ar electromechanical relay, a solid stzte device (transistor) was used to
switch the LED voltage. A TiP4Z device was used, controlled by an NPN device, via the wave

form-shaped light sensor cutput as shown below;

»

26



LDR

B N

.~ e

4
7—iD:s
6 1T
i L2
i 5.| con
R dL1ODKQLIN

|

L7805

.

b 1

. C4

ILINE .
[vonrAGE

“REG}-

JOMMON

' 1000uF

»

vee

our

GND

{
(B

]
|
|
{
‘.
i
i

R10
3 AAA,
2.0k0

LM555CM

Fig 3.6

i

" 4.0k0)

“-100¢]

. R8

I R9

Q2

C9014

" ‘Qa

14

ITIP42A

light sensor / power switch

/.,\
L)

TO LED ARRAYS

An LDR and a 55 Schmitt trigger were used to detect and process the presence of visible

light. The LDR was converted to a potential divider as indicated in fi23.5. The slowly-varying DC

output of the divider was pulse-shaped into a discrete output by the Schmitt trigger designed

around a NE555 device.

in the-dark, the LDR resistance is high, the potential at pin 6 and 2 is lower than the

lower switching threshold cf%VCC, that is, 1.67V. Therefrre pin3 (output) is high thereby

forward biasing Q, andQ3. With @, ON, the voltage at its emitter circuit is switched to its

collector circuit, ar:d the LED array is powered.

However, during the day, the resistance of the LDR is relativeiy smaller than the 100KQ

series resistance, taking the potential on pins 6 and 2 higher than the upper switching threshold
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‘

of—i- V.., thatis, 2.3V. Pin3 her ~e switches low, cutting off Q, and :)-. Thereby interrupting LED

current flow extinguishing the LED lamps.

3.7

PROGRANVIMABLE CURRENT SOURCES

To prevent power losses associated with resistive current limiters and to allow a wide raise of

system operation, programmable current sources were used. LiM217 regulators were also used

as shown below;

LM317
s
i o220 !
COMMON | |
| |
o
LM3A7
beos "
N 220 |
L _COMMCw '
}
|
LM317
- {bgg:g‘;m vRECI - - AAN
P omoe | 220
COMMON i
LM317 .
;}’(L)?'?‘A(‘Y‘ VRES AN
i COMMON 220
|
J
Fig 3.7

N;

v, )

prograrnmable current sources

Sever: 317 regularors were configured as current generators. Each 317 was

programmed to source a set current of magnitude;
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1 ~ Vref _ 1.25

A maximum forward cuirent of 55imA was chosen for each 3-LED string. The LED’s each

have a V; of about 2.6V. The LED curtent was programmed using a resistance calculated. Th

*

following expressior. was done using the above expression.

_ Vref _ 125

=220

e
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CHAPTER FOUR

CONSTRUCTION, TEST, RESULT AND DISCUSION
4.1 CONSTRUCTION

The various components in the individual subsyst=in:« of the controller was first designed on a
bread board and ie:ted tc check the workability. The satisfied result were then transferred into

a vero-board where scoldering vsas carried out.

When bread boarding, the circuit was done accordingly follzwing every step as shown in
the circuit diagram. After a satisfactery performance of the circuit on the breadboard, each
segment of the circuit was carefully transferred one after the other until the complete circuit
was achieved on e vero-board (permanent circuit board) were the components were

soldered to the board permanently.
4.1.1 CASING CONSTRUCTION

The segono phase cf the project construction is the casihg of the project. A perforated
ceiling board casing was i1sed io house the design circuit after canipletion. The perforation

2ives it ventilation and heat dissipation from the transformer and cther component.
4.7  TEST

During the transfer of these components to the vero-board, each unit was tested one
after the other before comoletely mounting or soldering them. This is to ensure that each stage
functions appropriately as des.gned and this will also go a long way to ease troubleshooting in

4

case of faults.
4.3 RESULLT

During the Dark, when the resistance of the Light Dependent Resistor (LDR) is high, it

was noticed that all the LED arrays were powered ON. At this period the mains supply charges



the battery. When the mains availakility was removed, the LED arrays were still ON, showing

power continuity by the battery source, which is now discharging its stored energy.

During the Day, when the resistance of the LDR is relatively small, the LED arrays were

OFr.
4.4 PROBLEM: ENCOUNTERED

The various problems encountered were;

i. Finance
ii.  Non-aveilability ¢* sorne components

iii. Component settirg in bread board and vero-board

( ’

iv.  Solderinz problen,
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CHAPTER FIVE

CONCLUSION AND RECOMMEMDATION

5.1 CONCLUSION

1

The project which is th& design and construction of an aytomatic street light controller
has been achieve:i. The performance of the project after test met decign specifications. The
general op 2ration of the project and performance is d2termined by the LDR reactance with day
and night. At night wher: the LDK resistance is high, the LEI'D is turned on, while during the day
when the LDR resist;nce kecores low, the LED is turned off. The triggering of the streetlight
will be much more dependent on the environment and not just the circuitry. The construction
was done in such a4 way that it .makes maintenance and repairs an ¢acy task and affordable for

the user should there be any system breakdown.

This project has rezlly given me more exposure on digital and analogue electronics,
which is one ot th= major challenges | shall meet in my field in the nearest future. The project

was quite challenging and tedious but eventually was a success.

5.2 RECOMMEMDATION

| would recommend thet further work be done on a microcontroller-base automatic
streetlight controiier, and c.so the department should acquire more research oriented books in

the departmental library, to make endugh materials available for students.
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