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ABSTRACT 

This project is design and construction of Automatic Street Light Controller. 

The design based on the veritable advantage of a Light sensor called LIGHT 

DEPENDENT RESISTOR (LOR), which is the main component of the circuit, and an 

operational amplifier ( op. amp) 741, connected as a comparator. The circuit is used to 

detect voltage level of the day and night sense by the LOR. Ambient light intensity of 

the atmosphere or from another means depending on the way we wish to apply the 

circuit. The sensor and the comparator frolll the switching mode voltage level detect 

circuit, which act by means of a driver (transistor relay) to control the switching either 

ON/OFF streetlight automatically. 
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CHAPTER ONE 

GENERAL INTRODUCTION 

1.0 INTRODUCTION 

Electronics has grown significantly. sll1ce the discovery of electrical 

conductivity of the P-N Junction(s) of a semiconductor. This "magical junction" is the 

basis of modern technology, which. this project is borne out of its verse applications. 

The Automatic Street Light Controller is an electronic device that automatically 

"turns-on" street light when it dark (e.g. Night cloudy atmosphere etc) and "turn-oft" 

when there is light (e.g. day or other photo source). This bridging of Natural . , 

phenomena (day/night) with technology is the basis of Applied Science. 

This circuit requires 8V dc power supply (with transformer for step-up) for 

operation. The device has a Light Dependel1t Resistor (LOR) (a transducer) acting as 

photo sensor and an operational amplifier (op.amp) as a comparator for comparing 

night and day voltages across LOR sensor. /\s light falls on the LOR, during the day, 

its resistance becomes low and developed Imv voltage (resistance is proportional to 

voltage). The voltage across it is not sufficiel1t to bias the transistor hence cut-off state. 

However, during the night when there is 11(1 light falling o'n the LOR, it resistance 

becomes higher and enough voltage is dcwloped across Light Dependent Resistor 

(LOR), which in turn forward-bias the transistor to saturation state, thereby energizing 

the relay coil and closing it contacts (usual!) the contact is open) hence power is set to 

the Load (bulb of shut light) thus, the bulb of Automatic Street Light Controller is 

nature sensitive (Photo Sensor). 
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1.1 PROJECT MOTIV A TION 

In Nigeria today, the major set-back is industrialization and it can not be 

achieved except by adequate power supply. Though the power sector problem is 

largely the limited generation capacity, but the little generated in the range of 3000 -

3500MW (statistics) now, more than 32 ]6°/'0 is been wasted among is the (ON nig) 

of light during the day (no power conservation culture) and is also overcomes the wear 

encounter by the component in a mechanically operating switch. 

1.2 PROBLEM DEFINITION AND METHODOLOGY 

The problem faced by manually operated switch for street lighting In our 

residential ,area and industries are enumerated below: 

(i) Problem of attendant by manual operator. 

(ii) Problem of power wastage during the day when the operators fail to put off the 

lighting. 

(iii) The problem of leaving street and industries dark during stormy and cloudy 

weather. 

The above problems of switching "ON and OFF" by manual operator are 

carefully been solve by electronic device .. , ksign and Construction of an Automatic 

Street Light Controller" 

This project as it adequate provide us with the parameters like "electrical 

~dvantage", which bothered on Quality and "Load-effort ratio" that deals with 

efficiency. 

1.3 PROJECT OUTLINES' 

This project is divided into five main chapters, which are enumerated as follow: 

Chapter One; consist of i'ntroduction, tnoti\ ation behind project, problem definition 

and .methodology. 
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Chapter Two; review other books and past works (literature review), Theoretical 

background and basic knowledge. 

Chapter Three; Deals with design ano analysis, calculations and decision on 

component selection choice, for building circuit. 

Chapter Four; Deals with construction and testing of the built circuit. 

Chapter Five; General conclusion, problem cncounters, limitations, application and 

possible recommendation, references and appcndixes. 

3 



CHAPTER TWO 

LITERATURE REVIEW / TI-JEORETICAL BACKGROUND 

2.0 LITERATURE REVIEW [5,8,9, 101 

Engineering like human, had gone through senes of evolution and 

transformation, although throughout these "ll1an has remain the best engineer". 

As early as 18th century, British la\\ required home owners to place a burning 

stick or fagot outside their homes in night as measure to prevent crime and later, oil 
" 

lamp were used and gas lamps to brighten roads and pathways. Later in 19th century an 

American technologists Charles Brush develop arc lamp. Today streets are illuminated 

with electricity, the switching method in man) places particularly African countries are 

"manual" which consist of circuit breaker \\ ith a by pass fuse, a contactor and some 

miniature circuit breakers (MCB). The numher of the miniature breaker depends on the 

load to be supplied with power. [9, 10] 

Engineering as a field of study IS all about making the entire life more 

meaningful and easier through the application of science and technology. An attempt 

to achieve this, various researches and \\orkshop were embarked upon in order to 

understand phenomena around us. Though engineer predict that technology will 

improve as long as life remains. The above mechanical switching described is manual 

bulk and grossly inefficient. 

There arises as need for a control s) stem, which will be automated and reduce 

human effort an "Electronic Switching System" was developed by all standard more 

reliable and effective. Human being requires" light to carry out many functions 

particularly in the night. Take example of a street lighting, which is the main aim of 

this project. 
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This project in its simplest form is a light dependent' regulatory switch 

controller, in which light dependent resistor (LOR) act as a sensor element and a 

comparator that is in corporate with a Zener diode to only discriminate the reference 

voltage across the comparator, such that whenever there is voltage difference 

between sensor (LOR) and the reference. the transistor will be bias and subsequently 

turn-on the street light. [7, 8J 

2.1 THEORETICAL BACKGROUND 

INTRODUCTION [1,2,3,4,5,7, 8J 

A block diagram of the simple street I ight automatic controller is as shown in 

the figure. Every block represent one stage in the whole circuit arrangement. The 

sensor transducer, which is the Light Dependent Resistor (LOR), is incorporated in 

the compa~ator/ control circuit, which is the main circuit. 

The design circuiting involves the D.C power supply unit, the 

control/comparator unit, the switching unit and finally the output. 

The stages involve are: 

Power 
~ Control Unit -+ Switching Unit -+ Load Supply Unit 

FIG 2.1. Block diagram of the Controller. 

2.2 D. C. POWER SUPPLY UNIT 

Most of the electronic devices requires a D.C source for their operation. Dry 

cells and batteries is one of the D.C sources. They have advantage of being portable 

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

expensive as compared to conventionally D.t· power suppliers. 

Since the most convenient and economical source of power is the A.C supply, it 

is the advantageous to convert this alternating voltage to D.C voltage. This is usually 

smaller in value. This process of converting /\.C to D.C voltage is called rectification. 

This is accomplished with the help of recti tier. filter and voltage regulator circuit. 

In this particular Project the D.C voltage is optionally useful since the circuit 

contain electronic ¢omponent such as Light I )ependence Resistor (LOR), operational 

Amplifier (op-Amp), integrated circuit voltage regulator IGS, transistor all which 

requires D.C voltage for their oper~tion and proper biasing. 

A typical D.C power supply consist or five stages as shown below in Figure 2.2 

V"C 

/'---\--'" Transformation Rectification Filtration Regulation 

Fig 2.2 Block diagram of a Regulated B.(· Power supply. 

Meanwhile, the following characteristics are to be considered in the choice and 

design of power supply. 

(i) Maximum and minimum Voltage demand of the system. 

(ii) Maximum and minimum Circuit Idemand of the system. 

(iii) Regulator 

(iv) Ripple factor 

(v) Efficiency 

6 



2.2.1 TRANSFORMATION 

Transformation is a process of com crting A.C voltage from one voltage to 

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

TRANSFORMER:- this is a device with nOll-moving parts that changes the value of 

line voltage to that required, producing the proper D.C voltage after rectification. Its 

job is either to step-up 01' mostly step-dowil ;\.C supply' voltage to suit the requirement 

fsolid-state electronic devices and the required circuit been fed by obtained D.C power 

supply. 

The transformation also provide isolation (I'om supply liners which usually are above 

IOOv (Killer voltages!). This is an important safely consideration. 

Transformer consist of two winding isolated (I'om each other and wound on the same 

iron core. The primary coil receives the AC supply from the mains while the 

secondary produces the output voltage. The figure 2.3 shows the schematic structure of 

a transformer. 

Fig 2.3 Schematic diagram of transformer, for an ideal transformer the 

primary winding flux are sinusoidal. 

Therefore, flux 0 = 0 m Sin wt 

But e.m.f., e = Nd0 
dt 

hence 

e = N d (0m Sin wt) 
dt 

7 
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e = W N 0 m Cos wt - 2.3 

If flux varies sinusoidally, the r.m.s. value or induced e.m.f. is obtained from factor w 

W=21tF 

Enns of the e.m.f. per turn 

Erms 
I J2 w0m Cos wt 

I 
= .fi x 2 1t F 0 m Cos wt - 2.4* 

Q = wt = 0 {angle between the coil windiligsl 

:. Enns = 4.44F 0 m Cos wt = 4.44 F 0 111 

e = 4.4 F 0 m - 2.4 

Total number of induced e.m.f.I turn in the primary is 

E, = 444 F N, 0 m - - 2.5 

- 2.6 

Where E2 is for secondary and N, and No rrimary and secondary number of turns 

respectively. 

From equation (2.5) and (2.6) 

E, = N, K 

Where k is the voltage transformation ratio. 

However the transforms chosen for this pl)\\er supply is 240/15V. This has the ability 

of giving peak voltage of J2 x 15 = 21.2 V. 
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2.2.2 RECTIFICATION 

This is the process of converting A.C voltage to a D.C type by the use of 

'Diode'. Which in this full-wave rectifier is used. 

RECTIFIER 

This is an electronic device that offers a low resistance to flow of current in the 

direction known as reverse bias direction. The circuit that employees rectifier is called 

'rectification circuit'. 

Rectification can be done with half-\\ave, full-wave or half-wave centre tapped, 

but full-wave bridge rectifier is used, which is the more common for electronic circuit. 

Full-wave bridge rectifier consist of four discrete diodes incorporated together to form 

bridge rectifier circuit. [5] The full-wave bridge rectifier circuit is a s shown in figure 

2.4 (a) and (b) below. 

M 

+ 
+ 

N'----+--..... N '----+---1 

c c 
(a) (b) 

FIG 2.4 Negative and positive half -c~'Cle of bridge rectifier circuit. 

During the Negative input half-\\ ave. the secondary terminal N becomes 

positive and M as Negative. Note that Dc and 0 4 are forward bias and current flow 

along the path NEBCDAM as shown in tig 2.4(a) hence keep current flowing through 

load resistance RL. in the same direction. [3.51. the output wave form is shown in figure 

2.5. 
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During the positive input half-wave. the secondary terminal M is positive and N 

is negative, hence diode 0, and 0 3 become flwward biases (conduct), while 02 and 0 4 

reverse (block) biased. This result in current flowing along MABCOEN path 

producing a drop across RL (Load resistance). 

v 

FIG 2.5 Output wave form of a bridge rectifier. 

2.2.3 FILTRATION 

This is a process of removing excess A.C voltage or fluctuations which appears 

as 'ripples' in the output voltage ofa rectified AC by using filters. 

A filter consist of a single capacitor t:llnnected across a pulsating O.C voltages, 

which smoothens out the ripple voltage. This function of capacitor is due to its 

property to change and store energy during Non-conducting half-cycle. The 

effectiveness of capacitive filter is determined by three factors: 

(i) Size of the capacitor 

(ii) The value of the load 

(iii) Time between pulsations (ripples) 

The ripple voltage is given by 

Vr= Vpp-Vrms -

Also, Vr = Ide 

But, 

- 2.8 

- 2.9 
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x = c 

2 n f e 

Equate the equation . 

I 
Vr = (Vpp - Vrms) = - Ide 

2ife 

C = r Ide 
C 21tf 

But Ide = Ide/2n 

Hence: 

C = Ide 
2F (Vpp - V nns) 

Where: 

Ide = 2 Irms X...J2 
1t 

+ 
AC 

v 

Fig 2.6 Shows bridge rectifier filter circuit and output wave form 

2.2.4 VOLTAGE REGULATION 

- 2.9* 

The next stage of Power supply is the voltage regulation which makes use of 

voltage regulator to keep the terminal voltage of D.C supply constant even when A.C 

input voltage to the transformer varies or the load varies. 

Power supply circuit suffers frol11 the draw baek that their D.C output voltage 

change with changes in loads or input voltage. Such D.C power supply is unregulated. 

11 



Regulated power supply is obtained by using a voltage regulator circuit. There are 

various types of regulator circuit such ad Zener diode shunt regulator, transistor series 

voltage regulator, switching regulators and so on. 

All the above mentioned circuit are made from discrete components. The type 

of voltage regulator used in this project is the Integrated circuit (Ie) voltage regulator 

for D.C 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 temperature and fold back current limiting. [5] 

2.3 CONTROL/SENSORY UNIT 

This unit concern with detail analysis and operation of the component that 

make the control/sensory unit. It comprises or series combination of photo-detector 

and operational amplifier (op-amp) acting as a voltage comparator that compare the 

voltage of two input signals. 

2.3.1 PHOTO DETECTOR 

Photo detector are semi-conductor devices that can detect or sense optical 

signal through electronic processes. They convert the optical signal variation into 

electrical signal variation that are subsequently amplified and further processed. The 

photo detector used in this project is a photo resistor. It is also known as the LOR, that 

is Light Dependence Resistor. 

THE LDR SENSOR 

Light Dependent Resistor(LDR) Sensor is a photo conductive cell, semi

conductor devices which resistance varies \\ ilh the intensity of light that falls on it. 

12 



This is known as the Actino electric efICct. the property whereby contain materials 

change their electrical resistance or generate a voltage on exposure to light. 

The LDR, which is also known ass photo rcsislor operates on the principle of photo 

resistively. It acts as light sensitive variable resistor in a current path. 

THEORY: 

The resistively or change in resistance of a semi-conductor depends on the 

number of free charge carriers available in it, when the semi conductor is not 

illuminated, the number of charge carriers is small and hence resistivity is high. But 

when light in form of photon strikes (photo emission) the semi conductor each photon 

delivers energy to it, if the photon energy is greater than the energy bond gap of the 

semi ~onductor, free mobile carrier are I i berated and as a result, resistivity of the semi 

conductor is decreased. . 

Cadmium Sulphide (cds) and Cadmium selenide (cdse) which are cadmium compound 

are part of the general make up ofphot conductive cell. 

Fig 2.7 Typical structure and symbol of LOR. , 

13 

" " 



2.4 OPERATIONAL AMPLIFIER 

Feedback Path 

v
1
----&---f 

v2------f 

Fig 2.8 Circuit Symbol of op-amp .. 

There are different types of Operational Amplifier (op-amp). They are: 

Inverting amplifier, Non-inverting ampli lier. Simmer (Adder), scale amplifier, 

Differentiator, integrator and comparator. lor the purpose of this project op-Amp is 

used. 

2.4.1 PROPERTIES OF AN IDEAL OP-AMP 

There exist two golden rule for understanding op-Amp 

(I) The input current draw by the op-AIllJ1 is zero(O) 

(II) The output voltage is the difference oetween the two input voltages. 

Other. properties are as follows: 

(i) The input impedance is infinite 

(ii) The output impedance is zero 

(iii) The open loop gain approaches inlil1it~ 

(iv) Bandwidth is infinite 

2.4.2 COMPARATOR CIRCUIT 

Comparators are special types or op-amp circuit without Feedback used to 

comp~re signal voltage o~ one of the input term inal and reference voltage on the other 

input terminal. 

14 



When the signal differs from the refercnce voltage, the output ofthe comparator 

from low to high or vice versa is registered. Figure 2.9 shows a comparator circuit. [5] 

Signal input is connected tot the il1\ crting input, when Vi is greater than Vref 

the output voltage Vo goes high, but when Vi is less than Vref, the out put goes low. 

The comparator can drive a transistor to control variety of devices such as lamps 

(street light), heaters and motors etc. 

v1------I 

~------Vo 

Fig 2.9 Schematic of a comparator. 

2.5 SWITCHING UNIT 

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

with response to the signal from the conlrolunit. 

2.5.1 TRANSISTOR 

A transistor is a current amplifier. It is a three terminal semi conductor device 

usually manufactured from either silicon (si) or Germanium (Ge). They are basically 

used as either for basically two types or transistors, the Bipolar junction transistor 

(BJT) and the Field Effect Transistor (FET). ITT is better for high frequency response 

like in micro controllers in 

The BJT consist of two junction diode.available in two basic convention, namely: 

15 



1 
j 

j . 
I 
1 

i 
i 
! 

I 
) 
i 
t 

c 
(/) 

c 
(II) 

NPN 8--+--f 8--1--1 
PNP 

E E 

Fig 2.10 Transistor Symbols 

Its properties meet the f<?lIowing rule: 

(I) The collector must be positive than the em itter 

(2) The base-emitter and base collector runctions behave like diode (npn = np : pn) 

(3) Any given transistor has maximum \ alue of Ie, IB and V CE 

(4) Ifrule 1-3 are properly observed, Ie \\ill be approximately proportional to IB 

Ic = hfe IB - BIB [4, 5J 

2.5.2 THE COMMON-EMITTER CONFIGURATION 

There are three basic transistors (UJI) configuration. They are common-base 

(CB), common-emitter (CE) and common-collector (CC). Common-emitter (CE) is 

used in this work because of its high value of' current gain, voltage gain and power gain 

at reasonable high resistance as compared to other configuration. [2] 

VeP. 

NPN 

Fig2.11 Common-emitter configuration of transistor 
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The CE configuration has a grounded Emitter, which is common to both base 

and collector as shown in figure 2. I I abm c. In CE, the input current and output 

voltage are taking as independent variable. while the output current are dependent 

variable and written as: 

VBE = fl (VCE' 18) ................. ~ .......... (1) Input characteristic curve 

! h ., Ic = f2 (V CE, IB) •.•••.•••.•••..•••••••••..... (-) Output c aractensttc curve 

The curves are shown in the figure below: 

Ie (MA) 

60 
L-------- 0.20 

__ --------- 0.15 

__ ---------- 0.1 
30 

~--------------------0.05 

10 
_----------18 (MA) 

-------~~~~~-t .. VCE 2 4 6 8 10 12 

Fig 2.12 CE Characteristic curve 

2.5.3 TRANSISTOR AS A SWITC'H (2,3,4) 

Not only does transistors function as signal amplifier, they are also used as 

switch (electronic switch). An ideal transistor switch works on the common-emitter 

configuration (CE), which is so conditioned to bypass linear state of its function by 

going extremes of: 'Saturation region or the cut-off state'. In the switching circuit of 

figure 2.13(a), if the voltage in the base-emitter function is reverse biased (RIB) as 

well as that of collector-emitter is RIB, the circuit operate at 'cut-off state' that is point 

2, in figure 2.13(b), the collector current (olltrut current) is practically zero, except for 
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leakage Ico, V CE is almost equal to Vee. lienee at cut-ofT the transistor switches whose 

contact is the collector-emitter terminal will oJ1en. 

When a positive voltage is applied to the termin'a!, such that the base-emitter as 

well as the collector-emitter are all forward bias (FIB), then the voltage drop on the 

load (V CE or V 0) will approximates V CI U. Hence, maximum collector current 

(lCcmax) will trigger the switch to 'saturation slate' point I in figure 2.13 (b). 

This two distinct state are made '01 T' and 'ON' state (that is 'cut-ofT' and 

'saturation' respectively). 

----r----vcc 
(A) 

IC (MA) 
10 

(8) 

8 

6 

4 

2 
Cut-off 

V co (V) 

Fig 2.13 (a), (b) Diagram of transistor switch and its output wave-form 

(i) Saturation state (Closed Switch) 

(ii) Cut-off State (Open state) 

18 



No output current to close the circuit 

BJT has zero power consumption in switching mude while no heating effect (since the 

transient state is bypass) The characteristics ur switch result in large power gain, [2,5]. 

2.6 RELAY 

Since the load, which is a bulb (220. 15 W). is not electronic circuit, it requires 

large power handling switch like. relay triac circuit breaker, etc. Relay is chosen 

because of its range of current handling. 

A relay is an electromagnetic device that open or closed contact to effect the 

operation of another device in the same circuit ('"Olll mains, they are used asprotective 

and control device, used as switch. H()\\cver in this project it is been used for 

switching. 

2.6.1 PRINCIPLE OF OPERATION OF RELAY 

Relay operate on the principle or clectromagnetic induction (Attraction). As 

shown in figure 2.16 below, when the terminal I and 2 are connected to source, an 

electromagnetic field is form, the armature is attracted to the core. It there is sufficient 

current to overcome the restoring force or thc spring, it will force contact 3 to close 

with contact 4 open, thereby making the rela~ open and close contact: [2] 

I' 1'1 J1 

I Armalure 

n Core 
~ 

v v t 
3 ____ ~ Adjustable Spring 

1 1 2 4 
~;:-

to load 

Fig 2.14 Schematic diagram of RchlY and its Symbol 
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2.7 ZENER DIODE 

The Zener diode is a junction diodc that has specific reverse breakdown 

voltage. Unlike the rectifier diode, Zener diode operate at its breakdown voltage. 

Figure 2.15 shows the char~cteristic curve or l.ener diode when reverse bias no current 

flow until reaching its breakdown voltage \\hen current suddenly begins to flow. In 

forward bia:;, it works like any other diode. the breakdown voltage across the Zener 

remain constant, while current increase largel). 

Zener diode are used for shunt stabililatioll for voltage reference as used in this 

project to discriminate the reference voltage or the comparator with respect to signal 

voltage. [5] 

z 

Fig 2.15 Characteristic curve of Zener Diode 

2.8 LIGHT EMITTING DIODE 

Light emitting diode (LED) is a scmi conductor device which emits visible light 

when/orward biased. The colour of the emitting light depends on the type of material 

used and are always encased to protect their delicate views. It is rugged and has a life 

of more than ten thousand hours. The symbol of the light emitting diode is shown in 

figure 2.16 [3J. It is been used in this project as a limiting Register. 

20 



Fig2.16 Symbol of LED 
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CHAPTER THREE 

3.0 INTRODUCTION TO SYSTEM DESIGN 

System design is the process of anal) ling and determining component values to 

speoification required on appropriateness or the target goal. When design street light 
. , 

controller it is required to study the spec i lication providing the manufacturer in 

component data book. 

The design work was carried around the following subsystem: 

Power Supply unit 

Light detector / controller unit 

Switching circuit unit 

AC Power Switch / load unit 

3.1 POWER SUPPLY UNIT 

The power supply comprises a 12V / O.SA transformer wired to a full-wave 

bridger rectifier to produce a D.C. voltage that is smoothened by a 25V I 1000llf 

capacitor and regulated by a 7808 (8 volt 1 amp) regulator. T~e wiring is shown 

below in fig 3.0 

+fN 

0.0111/ 

011 

Fig. 3.0 Power Supply unit 

The 12V rms secondary voltage was CO 11\ erted to a pulsating DC voltage with an 

amplitude. 

V peak = [ V rms X .,.)3 - 1.4] V - 3.1 
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Where: 

Vpeak = peak amplitude rectify voltage factor 

1.4 = two diode forward voltage loss ill the n:ct iller 

The value of the smoothing capacitor was calculated from: 

0= It = CV 

CV= IT 

Taking differential on bo.th side 

CDV=TDI 

C = Value of capacitance 

DV = Ripple voltage on DC output 

T = 1/2F '= Y2 x main frequency 

DI = Average current change 

Dv = - _1_. 
dT C 

A 

. Peak-peak ripple = TI 
'" ' C 

T T 

Fig. 3.1 Relationship between rectified DC voltage and superimposed AC 

ripple voltage 

There is a worst - case design of:~ 10% line-voltage variation the ripple as to ; 

be kept less than 2 volts peak - to - peak 

Therefore: 

2 = T (dv / dt) = IT/C 

To deliver O.5A from the DC source 

23 



2 - IT / - 0.01 x 1 / - c - c- - 3.3 

From which C = 2500~F. A 25 volt electrolytic capacitor was choosen. 

A I 000 ~F capretance was used. instead as the circuit draws less than O.SA at 

maximum current drain. 

The smoothened OC voltage was feed into on 8 volt, 1 amp regulated, where it 

was regulated down to 8V to power the system 

3.2 LIGHT DETECTOR I CONTROL UNIT 

The light detector was de~ign arollnd a Cds Light dependent Resistor (LOR). 

Whose resistance varies inversely with the amount of light reaching its sensitive 

surface. 
., 

The LOR's resistance change is cOllverted to a voltage change by the circuit 

shown in fig. 3.2 

Voltage 

LOR 

~ 

(a) (b) Light 

Fig. 3.2 Resistance - voltage variation (a) circuit (b) curve 

The variation of the LOR's resistance causes RT (Total divider Resistance) to 

change in effect causing a change in I. 

The voltage Vo across the LOR is then given hy: 
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V 0 (LOR) == I Rn (LDR) 

== 
{

---,-Vee } 
R+RD 

x 
-3.4 

From the equation above: 

I :::::: tiRo and V 0 a 1 / RD 

The plot of the relationship between Ambient light level reaching the LOR and 

the output voltage of the potential divider is shown in fig. 3.2 

R was made fairly' large relative to the in light resistance of the LOR (measure 

at about I KQ and also relative to the dark resistance of about 250 KQ. 

1.1 SWITCHING CIRCUIT 

The switching circuit comprises or 741 operational amplifier (op-amp) and 

resistor establishing the switching threshold. The switching circuit is exemplified 

below in fig. 3.3. 

v,------I 

v
2
------t 

Fig. 3.3 DC Comparator 

A comparator is op-Amp without positive feedback, it forms the basis of 

switching subsystem. A compare for is a high gain DC amplifier whose output voltage 

is the difference between the two applied inputs voltages (VI and V2). 

For the comparator shown above. 
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If VI> V2 :::::> Vo = high (output Vo, is high) 

. If Vj 4. V2 :::::> Vo = low (output Vo, is 10\\) 

However, when VI and V2 are very close together or the input voltage varies 

slowly, the output voltage is no longer deterministic i.e. The output Vo, randomizes or 

become transient output, between high state and low state. 

To' prevent this oscillation (transient. slale) positive feedback is employed to 

provide snap action response 

The modified comparator with positi\ e feedback is shown in fig 3.4. 

Fig. 3.4 Comparator with positive feedback 

The circuit above has two separ~te well defined switching thresholds: 

VON and V OFF• 

Assuring the output is initially at HIGH 

VSWITCHES (I) = Vt (I) = ~~:<c:_x R, 

(R1 I1Rc) \ R, 

With the output at low: 

VSWITCHES (2) = VI (2) = ~L~)( (RJIIRJ~ 

R1 \ (R 2I1R3) 

The difference in the switching thresholds i.e. V1(1) - Vt (2) is the hysterisis. 
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Assuming equal value of network resistance as Llsed in the design. 

V +(1) = 8 x 33 
(331133) + 33 

V+(2) = 8 x (331133) 
49.5 

= 8 x 33 
16.5133 

== ~~.16.5 
49.5 

== 8 x 33 
49.5 

== 2.66V 

Clearly, V+ (I) = 2/3 vce and V+(2) I n vee respectively. 

5.33V 

The implication of this, is that circuit switches ON and OFF at two different 

voltage. The inherent hysterisis prevents random switching when the input voltages 

are closed together. 

The light detector was wired to the Schmitt trigger as shown below: 

+8V 

LOR 

R 

331<.0 

--
Fig. 3.5 Light Detector and switching circuit 

The resistance values were chosen to prevent the least loading on the power supply. 

The 741 (op-Amp) has a bipolar junction transistor (8JI) architecture and hence the 

output does not provide a end-to-end swing. It was discovered that when the output 

was supposed to be at OV I. 7V was measured. In consequence, when a transistor is 
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connected directly to the output ,of the comparator, there will always be On state, To 

avoid thus three-series-connected recti licr diode was wired to the 741 (Comparator) 

output, before driving the transistor that switches the relay. This is shown in fig. 3.6 

v,----4 

v,----I 

Fig. 3.6 Circuit connection ofswitching unit. 

D, - D3 used to provide standing logic OV DC, output 04 protect BC 337 transistor 

against damage. 

The BC 337 transistor has a typical gain or 200. The relay has a resistance of 4000 at 

a nominal coil voltage of6V. 

ICOIL = V 'I _COI_ = 

Rcoil 

_6_ 
400 

ISmA 

Ie - Collector current is used to drive the n~la) hence: 

Ie ::= ICOIL = 15mA 

Ic = f3 18: 18 == JL 
13 

But: 

RB = Ye - V BE- == 
IB 

= lSmA 
200 
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Where: 

VB = 741 's high state output at positive saturation ::=: 6.5 VON 

VBE = 0.7V (Siticon semiconductor) 

VBE = (3VF + 0.7) = 2.8V 

Where: VF - forward biasing of the diode D, D3 (Also silicon) 

RB = 6.5 - 2.8 
75 x 10-6 

49KQ 

Allowing for overdrive of 1.5V (i.e.6.5 -- 6.0). hence the base resistance was reduced 

to 33KQ 

3.4 AC POWER SWITCH I LOAD UNIT 

The power switch comprises a relay and Be 337. The relay is on 

electromechanical switching device, whose s\\:itching characteristics can be altered by 

passing current through the Armature mounted on electromagnet called the core. 

A relay with change-over contact "as used. One of the two 240 - Volt feed 

was connected t the NO contact, since it is desired to energize the relay, and turn-ON 

the connected bulb (Load) when 741 switches high. 

The complete wiring for the power switch is shown below: 

+8V 

.... _-_ .. 
:iE?NC 1 
r: --~o 240V 
! : 

NO 
1-,: 

Load output 

Fig. 3.8 AC power switching circuit 
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220-240V/12V 

SWITCH 
R 

1KQ 

BC337 

DO ...,....,. 
t=1o ure scent 

~ __ ~ __ ~ ____ ~~~ ____________ ~,~20~20W) 

FIG. 3.9 COMPLETE CIRCUIT DIAGRAM 
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CHAPTER FOUR 

4.0 CONSTRUCTION AND TESTING 

4.1 CONSTRUCTION 

This is the process of putting together all varies components of the various 

subsystem of the controller discussed in the previous chapter on bread board and 

tested. The satisfied results where then mounted on vero-board and soldered. 

The construction process depends on the circuit diagram shown in figure 4.3 

4.2 ,COMPONENT TESTING 

This involves testing each component used in this project, .. using 

MUL TlMETER so as to ensure good exact component are used in conformity with 

design circuit. This is necessary because the use of faulty component could result in 

malfunctioning of the design. 

4.3 EXPERIMENT AL SET-UP 

The block of the circuit below illustrate the experimental set-up of street light 

controller system. The supply is 8V d.c. source. This is used to supply the circuit at 

+8V with a maximum current of 0.5A. The oscilloscope was used to monitor the 

voltage level at different points, while the ll1ultimeter was used in testing the readings. 

Fig. 4.1 Block diagram of street light controller 
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4.4 SYSTEM OPERATION 

The complete ~ircuit diagram of ligure 4.3 below shows that the LOR and 

variable resistor RV constitute a voltage divider network which forward biases the 

emitter base of Q. When' enough light facts on the LOR' it resistance is low, the 

develop voltage across LOR is inadequate to drive Q sufficiently to energize the relay 

(R) so Q is cut off and no power is applied to the load. However when there is little or 

no illumination on the LOR, the resistance increases dramatically. 

The voltage at the surface of the LDR rises. If the component of the circuit are 

properly chosen enough forward bias of tht: base-emitter is developed to increase the 

collector current appreciably. This current energizes the relay coil thereby closing the 

normally open contact, thus power is applied to the load. However, the load been a 

street light bulb will be turn - ON automatically as night falls and turn - OFF at 

daybreak. 

Rv is a sensitivity control, which is adjusted for the level of light as desired to 

turn off the bulbs. 

. , . 
4.1 SYSTEM TESTING 

During testing, the contact terminal of the relay were connected to t bulb 

(220V, 20W). With the supply of 12V d.c .. O.5A, is turned ON. The bulb turn - ON as 

light intensity decrease and turn - OFF as the intensity increases. 

4.2 CASING CONSTRUCTION 

An perforated ceiling board casing \\ as used to house the designed circuit after 

completion. 
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It is been perforated to given ventilation (because temperature the working 

reliability of most electronic components) and heart dissipation from the transformer 

and other component. The case dimensions is shown below in figure 4.2. 

4.2.1 FACTORS CONSIDERED BEFOIU: CHOICE OF DIMENSION 

i. Space occupied by the component 

II. Portability of the project 

iii. Allowance (space) for heat dissipation 

Load Flourscent 
(220V,20W) 

Main Supply (220V) 

o o 

o 
Sensor (LOR) 

Fig. 4.2: Case Design 

Toggle Switch 

o 

Power Indicator (LED) 

4.3 RELIABILITY AND PRODUCT LlFECYCLE 

This electronic system works fiw approximately 12 hours (with average of 

strong necher and sunny evening) i.e. bet\\cen 7pm - 7am. Electronic components do 

follow a constant failure rate (eFR) curve or the bathtub model with reliability 
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- (4. I ) 

Assuming the project last for a year 365'/4 Jays, for t 2 hours each, the reliability if 

given. 

Table 4.3: Calculating reliability of the s~stem [6] 

VVei2ht,n2factorsto 
~-. 

Numbe Basic failure 
E 

Component r used rate (% 103 

ni hr) 

Transistor I 0.08 

Diode 9 0.05 

Capacitor 4 0.2 

Transformer I 0.01 

LOR I 0.06 

Resistor 6 0.05 

--

Relay I 0.02 

741 I 0.05 

Connector 50 0.001 

AI = ~Aoi = 13.327% 11 oj hours 

From the result we obtain failure rate 

AT = 1348% I 103 hours 

Or AT = 0.135 t 103 hours 

mme min 
nt 

W r ., 

2.0 0 

_0 

2.0 0 

2.0 0 

1.5 0 

2.0 

2.0 

1.5 0 

2.0 0 

2.0 

Temperatu 
re 

VVT 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.5 

Total operating time, tt = 365 '14 x t2 hours 4383 hours 

System reliability 

R(t) = eoA.t 

R (4838) = e-0135x4383xW' 
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Overall 
failure rate 

Rating Aol =niAi 
WR wewtwr 

%/103 hr) 
2.00 0.48 

1.50 2.025 

3.00 7.20 

1.50 0.03375 

1.50 0.270 

2.0 1.80 

1.50 0.0675 

1.50 2.25 

-- 0.t5 



, 
.~ = 0.56 

i.e. the system IS reliable up to 56% its design characteristic for one year when 

operated for 12 hours. 

4.4 COST ANALYSIS 

Cost plays a vital role in any engineering design and construction. The cost of 

any project determines how prosperous that particular project is going to be used. 

Inview of this, the cost estimation of the street light controller is shown in the table 

below: 

Table 4.4 Cost estimatidn of system 

-

Sin Items Quan tity Cost (No) 
--

1 240/12V transformer 300.00 

2 Rectifier diode 150.00 

3 741 - op - Amp 120.00 
----

4 Capacitor 60.00 

5 Regulator 80.00 

6 LOR 860.00 

7 Resistor 200.00 

8 LED 40.00 
--

9 Transistor 100.00 

10 Zener diode 60.00 
- -

1 1 Relay 300.00 

12 . Flexible connecting wire 150.00 

13 Connector 100.00 

14 Vero boad 180.00 
--

15 Woden casing 200.00 
-

16 Lead 200.00 
--

TOTAL 3,100.00 
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CHAPTER FIVE 

CONCLUSION ANI> RECOMMENDATION 

5.1 APPLICATION AND LIMITATION 

The streetlight controller designed and constructed has many applications 

'>~71 >0 
depending on the input signal from the s.:nor: Apart from the street light it has 

application in automatic door control, autol11atic switch control, security lighting and 

many other useful applications. l'his design may not be applied directly to three -

phase streetlight, unless a contactor is incorporated in the circuit for high durability of 

the system. 

5.2 PROBLEMS ENCOUNTERED 

The various problems encountered arc 

I. Finance 

ll. Non-availability of some component 

iii. Component setting in bread board and \em board 

IV. Soldering problem 

5,3 RECOMMENDATION 

The design has been achieved by using discrete component such as resistors, 

transistors, diode and simple regulating 1(' etc. where the exact value of a component 

could not be found equivalent value is used. 

Due to sensitivity of this work, further work is necessary to improve on the 

performance and high efficiency. 
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5.4 CONCLUSION 

The aim of this project is to design. construct and test an automatic streetlight 

controller, which have been acl~ieved. 1111;\cl. the setup was tested with a f1~~cent 

lamp for a period of24 hours, the desired result \vas obtained. 

A lot of experience has been acquired ill this project within the time available. I 

apply most of the knowledge acquired ill the elass 1'00111 to practical life problem. 

In conclusion, this project in additioll to its motive have exposed me to some 

problem encountered in electronic / electrical design work and behaviour of 

instruments, the gen~ral precaution need ill design, construction and testing, it has 

exposed me also to some of the challenges t::\ reeted of a university graduate. 
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