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, 
I ! ABSTRACT 

IThe traffic lights control system is built around the TTL (Transistor­

}Transistor Logic) family-74LS145 Ie (l-out-of 10 decimal decoder/driver). 

} The circuit is designed such as to drive relay contacts, which then switches 

, on the lamps according to the logic combination~. The circuit is pulsed by an 

j LM555 astsble oscillator, the rate at which the lamps switches ON and OFF 
! 

'is determined by the vallie or the variable resistor, Rh. The output or the 
1 
ioscillntor triggers the 74LS90(decade cOLlnter), whkh produces a ten step­
~ 

" ~ binary coded decimal outpllts thnt subsequently drives the 741 ,S 145 1(,. The 

t"trllt or thc 741$ 14S 1(' ""crp,i"cs the relays thlls switching. ON the lamps. 
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1 CHAPTER ONE 

1. t INTRODUCTION 

Transportation as a prohlem has heen greatly alleviated in the last century 

~ hy the advent or Motor vehiclcs. Thc alleviation of transportation hy 

I 
j 
I 
l 
1 

Motor vehicles has he en accepted hy nIl. Since many operations and 

I11l1lly pnH.'eSSt~S rely on 11 very Slllooth IIlld stendy tl"lll1sportntion systclll. 

Ilowevcr, ns ndvllntnJ.l,es ns it is, Motor vehicles and other means or 

mohility hrought nhout the PWhlelll oj' tralli. congt'stioll I1l1d this in tum 

prompts the need 1<11· rigid trnl"lie control. 

The congcstioll or ollr mllds is so st'riolls thnt the pl"llhlelll calls 1{1I· rigid 

roml trunk rt'~1I1ntions ill order to hring order lIlld hCllce slIl'cty. on OUl" 

ronlls. These trunie control systel11s nrc made lip of signs, signals lIlld 

mnrking plnced on or ad.iacent to u strect, highway or intersection as the 

CllSC muy he, hy Illlthority or u puhlic hody, ror exal11ple, locul 

govcrnlllent authority, which is within their jurisdiction to regulate, warn 

or guide traffic. The purpose of this control mechanism is to greatly 

reduce the delay on our roads on traffic u~c:rs. The control mechanism 

facilitates safety on the roads and smooth driving. 

1.2 TYPES OF TRAFFIC CONTROL SYSTEM 

The very first and the simplest type of traffic control system is the use of 

humans known as traffic warders. This form is the commonest but with 
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so many disadvantages among which is the exposure of the warder to 

great danger. Other types of traffic control system are those that are 

controlled electrically. These are categorised basically into two main 

groups- sequential and programmed traffic control systems. 

1.2.1 Sequential Logic Traffic Control System 

Thcse nrc the type of trank control systems that nrc designed based on 

simple theory or eomhinationallogic, decoders, multiplexers and counters 

ot'which this project work has adopted. 

1.2.2 I'rogrannned Trafnc Control System 

In this type, the control system is based on inbuilt program on the 

microprocessor which enables it to emulate a tratlic warder. 

The above form of electrically controlled systems can be combined to 

have what is called programmable sequential traffic control system. The 

control system has a sequential drive circuit and also has programs in 

electrically programmable-read-on ly-memory (EPROM) 

It is very important to note here that before the advent of the above 

mentioned electrically controlled traffic system, semaphores had been in 

use which are operated manual1y. Semaphores are automatic fixed cycles 

of signals giving alternate stop and go periods of predetermined length. 

1.3 ELECTRONIC TRAFFIC CONTROL SYSTEM 

The project work is an electrical mechanism which controls the 

operations of the traffic light signals. This includes the equipment 

2 
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operating mechanism that drives the lights in the signal heads. The signal 

head is made up of three light bulbs arranged vertically above one another 

with the red on top, amher in the middle and green at the bottom. It is 

important that the following requirements are met by any traffic 

controlling device: 

i. It should provide for orderly now of traffic and also increase the 

!rartic handling cnpadty of most road intcrscctions. 

ii. It should be cnpnhle of redllcil1g certaiil types or acddents sllch as 

right-lll1gled coli isiol1s. 

iii. It should provide f'(,r adequate flow of vehicle traffic at a moderate 

speed along a roadway when co-ordinated with one another. 

iv. It should provide It)r safe crossing of heavy tranie. 

In order to ensure that the above mentioned requirements are met, some 

basic considerations should be employed which include: 

1. Design: The design of traffic control signals should be such that 

features like size, shape, colour etc are combined in a way that the 

attention of the road users will be drawn to it. 

11. Placement: The placement of traffic control systems should be 

such that it will command the attention of road users. Also, the device 

should be located so as to give adequate time for a driver to make proper 

response if he/she is driving at a normal speed. 

3 



Ill. Maintenance: The device used as traffic control should be 

maintained properly as this will make it look official and enforcing, thus 

commanding compliance from its users. 

tv. Uniformity: It is expected that a traffic control system signals 

should havc the same meaning as illustrated in the next section. 

1.4 TifF: TRAFFIC CONTROL COLOUR CODE 

The conventional colour code employed in trunic controlling are red, 

amher and green. The red light indicates stop, hence, it prohihits entry 

into any inten:;ection. The amher (yellow) light gives an indication that 

there will soon be a phase change. The vehicles on queue must be on the 

alert to go while the approaching vehieles on the other crossing must slow 

to stop when the amber (yellow) light is on. The green light indicates go, 

it permits safe entry through the intersection. 

However, it is expected of every driver to regard the safety of other 

persons within the intersection regardless of signal indications before 

crossing the junction. The four possible combinations for each unit of 

these colours is shown in table 1 .1 

4 
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Table 1.1 Traffic Combinations. 

Colour combination Indications 

------------------1------------------------------

Red • 
Amber 0 . Stop 

Green 0 

f---:-------------------------------- ----. --_ .. -_.- -------_. 
Red • Amber • Oct ready to move 

Green C) 
_ ... -.-

Red 
0 

Amber 0 Go, ifroad is free 

Green • 
._----------

Red 
0 

Amber • Stop at stop line 

Green 0 

The optical unit of a signal consists of a lens, a reflector, lamp and lamp 

socket. The lens is that part of the unit which redirects light from the . 
lamp to the desired area. The reflectors of the signal lights would be 

lighted by 40-60WaUs incandescent lamps that are coloured, with 

diameter between 6-8inches. 

The type of mounting for signal heads suggested is along the roadway 

side or in the middle of the intersection with about 8-15feet high posts. 

5 



When the view of these signal heads is not physically obstructed, it 

should be clearly visible to drivers at distances up to 1000feet under 

normal atmospheric conditions. Each signal head should be so adjusted 

1 that its beams will be at maximum effectiveness to the approaching , 

traffic. 
~ 

~ 1.5 TYPF.S OF F:LF.CTRONIC TI{AFFIC CONTROL SYSTF:MS 

IlASF: ON TIIF,II{ MOJ)F: OF OI)I~I{ATIONS 

Thcre nrc two mnin grollp~ or roadway traffic ~igl1nl hn~cd on thcir modes 

of operation. These include: 

1. Pre-timed traffic control systems 

ii. Vehicle-actuated traffic control systems. 

1.5. t Pre-timed Traffic Signal Control System 

A pre-timed signal control is a traffic control signal which directs traffic 

to stop and permits it to proceed in accordance with a single 

predetermined time schedule or series of such schedule. Its operation 

consists of a consistent regularly repeated sequence of signal indication 

given to the traffic. This type of signal is most efficient at intersections 

where traffic patterns are relatively stable over a long period of time. The 

total cycle length required for a complete sequence indication as specified 

in traffic manual is such that it may be adjusted from 30 seconds to a 

maximum of 120 seconds. With the use of attached auxiliary devices or 

remotely located supervisory equipment, the operation of pre-timed 
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t control can be changed within certain limits to meet requirements of 

traffic more precisely. 
j 

? l 1.5.2 Vehicle-actuated Signal Control System 
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The operation of the vehicle-actuated signal control systems varies In 

IlCCOnlnllce with the delllnllds or trunic as registered hy the actuation 

vehicle or pedest .. inll dl~tectors. III this CnSl\ n detector pnLl is pillced ill the 

cn .. ringe wny nt some distnncc huck li'om each stop line nnd every vehicle 

llPpronching the section registers its nppl'OlIch hy actuating the 

nppropriutc detector. Thlls, trul'lic sigllnls arc lllltolllntkully aujusted to 

meet the needs of the traffic signals are automatically adjusted to meet the 

needs of the traffic and this may vary from time to time throughout the 

day depending on the volume of traffic. It is important to note that many 

operating variations are possible with vehicle-actuated control. Each of 

this traffic signal control has its advantages over the other. Among these 

advantages include: 

ADVANTAGE OF PRE-TIMED CONTROL 

Consistent starting time and duration of intervals of the pre-timed 

control facilitates co-ordination with adjacent traffic and provides 

more precise co-ordination than vehicle-actuated control. 

Pre-timed control may be more acceptable in areas with IClfge and 

fairly consistent pedestrian than actuated control, and also where 

confusion may arise as to the operation of pedestrian push-buttons. 

7 



The installed cost of pre-time equipment is less than that of 

vehicle-actuated equipment and it is also simpler and more easily 

maintained. 

ADVANTAGES OF VEHICLE-ACTUATED CONTROL 

Vchiclc-nctunted control mny providc maximum crticicncy at 
~ 
J 

interscctions whcrc rlllctllntions in trunic C:1nl1ot hc anticipatcd and 

~ 

! 
t 

progrnmmcd I(lr with prc-t imcd control. 

I 
J 

Vchiclc-nctllntcd control Il1ny providc ll1aXIl11Ull1 crticicl1(';Y at 

complex intersections wherc onc or morc movcmcnts arc suh.ic(.;tcd 

f 
I 

to variations. 

~ 
i Vehicle-actuated control is prcierred to pre-timed control in 

I 
t 
j 

intersections where traffic control is needed for only brief periods 

during the day. 
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CHAPTER TWO 

2.0 THEORY OF SYSTEM COMPONENTS 

2. t INTRODUCTION 

The bosic electronic components which consist or rcsistors, cap:,citors, 

diode~, relny~, nlld integrnted circuits (Ie) were used in the design or this 

project work. In figure 2.1 shown helow, the hloek diagram representing 

the traffic light control systems is clearly shown. The whole operation of 

this system is hosed on the sequential operation or a 4 hit decade 

cOllnter find n nCD 1 or 10 decoder/driver unit. The sequence of light 

changes were obtained by decoding the outputs of the Ie, 1 of 10 nCD 

decoder/driver unit which were then used to switch relays connected 

incandescent lamps fed from the domestic power supply. 

POWER SUPPLY 

~ ~ ~ 

PULSE 
.. 

COUNTERS 
.. 

OUTPUTS ~ .. 
GENERATOR 

'--------.---~--

Fig 2.1 Traffic Lights Control System Block DiagrJll1. 

2.2 INTEGRATED CIRCUITS. 

Integrated circuits are complete electronic circuits in which both the 

active and passive components are fabricated on an externally tiny single 

9 



silicon clip. These consist of large number of components working 

dependently to give fast and accurate response depending on what is 

meant to do. 

2.2.1 Types of Integrated Circuits 

Integrated circuits cnn he classified hased on their functions as we11 as 

how they arc constructed. Based on construct ion we have: 

i. Monolithic integrntcd circllits 

ii. Thi<..·k fillll intql,l"Illl'd drcllits 

iii. Ilyhrid inlcgrutcd circuits. 

Rased on their functions we havc : 

i. Linear integrated circuits 

ii. Digital integrated circuits 

The linear integrated circuits contain several amplifier circuits for either 

audio or radio frequency (RF) signals while digital integrated circuits 

contain an array of pulse switching circuits which are used in performing 

logic functions. 

2.2.2 Advantages of Integrated Circuits 

1. An Ie is extremely small in size physically. 

11. It has a very small weight which makes it very important in military 

and space applications 

lll. They are considerably cheap due to reduction in size and weight 

iv. Integrated circuits consume very low power. 

10 



v. They are suitable for small signal operation. 

~ 2.2.3 Disadvantages of Integrated Circuits 
I 

~ l. They can only withstand very limited amount of power. 

, 11. Coils and inductors cannot be fabricated into ~ C form 

... 'I'lley arc vl~ry delicate and cannot withstand rough handling and 111. 

2.2.4 Ui(lolllr nlld tlnl(lolar InCcgrnCcd Cil'CuiCs 

Hipolnr It's nrc those 11111<.le lIsing hipolar junction transistors, BJT, 

example orthis is the transistor transistor logic (TTL) ICs. 

Unipolar 1es are those made using field effect transistors (FE'!' and 

MOSFET), example of this is the complementary metal oxide semi -

conductor (CMOS) les. 

2.3 TRANSFORMERS 

A transformer is an electrical apparatus which consists of two or more 

electrical circuits (primary and secondary windings). These circuits are 

interlinked by a common magnetic field for the purpose of transferring 

energy between the windings. The windings are wound on a magnetic 

core, which ensures that there is high magnetic flux linkage between the 

windings. The alternating voltage across a winding is due to induction 

from the altering voltage of the other windings. The induced voltage is a 

function of the number of turns of the windings. Turns is the number of 

times the wire (coil) is wound around the core. 

11 



When the number of turns on the secondary winding is more than that of 

the primary, then we have a step-up transformer while when it is vice­

versa, it is step-down transformer. The voltage, number of turns and the 

current are related as shown helow in equation 2. I 

V p/V ~ - N p/N~ -- I ~/I 1"----------------------2. I 

Where Vp, Np nnd Ip nrc the primllry voltage, Illlmher of tllrns, IIlld 

current in the primary winding of the trall~rormer re~pectivcly, while V~, 

Ns and Is are the voltage, number or turns, and the current in the 

secondary winding of the trnnsl()rmer respectively. 

2.3. t Transformer Construction 

There are basically two types oftransfonners by construction. These are: 

i. Core type 

ii. Shell type 

In the construction of the shell type, the winding coil is shielded hy the 

core, while in the core type, the core is shielded hy the coil winding. 

2.3.2 Choosing and Specifying Transformers 

Transfonners are specified according to their power, voltage and current 

ratings of the secondary windings and the regulation . 
.... 

Power rating is the product of voltage and current of the secondary 

winding which once the voltage and current ratings have been known is 

neglected. 

12 



Transformer regulation specifies the degree to which the secondary 

voltage varies with the load. It is very necessary to consider this when 

working out the maximum voltage rating of the smoothing capacitor. 

Once the required voltage is known, it is' necessary to choose a 

transformer which gives the output at the required current rating. 

The minimum voltn~e or a trnnsl'(mner is given hy : 

VIXMIN --- VI xLI I Rcgl X <. t -l/ln) RcgMllin~ 1----- -----2.2 

too 

The 111I1XiIllUn1 voltage or a transl(mner is given hy 

V1XMi\X --:-: V 1X [ 1+ RegTX( l:::JOTXJ I RegMnin~]------2.3 

too 

where, 

Vrx = stated transformer voltage 

hx ,--" stated trans«mner current 

I = current drawn from the transformer 

RegTX= Stated transformer regulation factor = 13% 

RegMains = state mains regulation factor = 6% 

It is important to note here that transformer minimum voltage evaluated 

at full load is used for selection of transformer, while the transformer 

maximum voltage evaluated at zero load is used to calculate the 

smoothing capacitor working voltage and the maximum voltage evaluated 

at full load is used to determine regulator power dissipation. 

13 



2.4 DIODES 

These are semi-conductor devices that allow the flow of current in one 

direction. Semiconductor diodes act on the basis of PN junction. It is 

constructcd hy comhining a P-type and N-typc'semiconductor materials. 

Since diodes can pass current only in one direction within a specilied 

limit, they nrc mostly lIsed as switches. When a diode is reversed biased, 

it conducts n very low current lIntil it rcsearches a certain voltage called 

the breakdown voltage, at this, large current flows at constant voltage. A 

diode constructed to act in this f(lrm is cal1ed a Zener diode. 

2.4.1 Diode Application 

Diodes artf used in the following circuits; 

i. Rectifying circuit 

ll. Chipping circuit 

iii. Clamper circuit 

iv. Voltage doubler 

v. Over voltage and over current regulation 

2.4.2 Rectification 

This is a process of converting AC voltage or current to a DC voltage or 

current. 

2.4.2.1 Types of Rectification 

1. Half wave rectification 

ll. Full wave rectification; 
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I 

I 
f a) Center tap rectifier. 

t 
b) Bridge rectifier 

I 2.4.2.2 Full wave Rectification 

10 

fr ~ 
Direction or current 

Vo Ii now in sccond IInl" 
(' dc 

21\Ov 
Vi Sourcc 

--~ Ide 

Primar 

Vde 

~----

Fig 2.1 Full-wave Rectification Circuit with Resistive Load and 

Capacitive Filter. 

Vi = Vp Sin wt 

2" 

Irms = Y27t II 2 d (wt) = lp "2 .................................. 2.4 
o 

2" 

V rms = 'h 7tI Vi d (wt) = Vp "2 ............................. 2.5 
o 

2lt 

Ide = Y21t JId (wt) = 2Ip/ 1t ....•..•••............•.•...•....• 2.6 
o 

2lt 

Vde = Y21t IVi d (wt) = 2Vrn/7t ............................. 2.7 
o 

With a resistive load; 

;1 Vde 2"2/7t Vrms= 0.9 Vnns ............................ , ....... 2.8 
! 
.~ 

I 
t 
I 
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Ide = 2"2htIrms = 0.9 Im1s •.•.•.••...•.....•..•....•....••.• 2.9 

With a capacitive filter; 

Vde= 1.41Vae ................................................ 2.10 

Ide = 0.62 lac .................................. : .. , .. , .......... 2.11 

With a capacitive filter 

Vdc = 1.41 V ne--------------------------------------------2.1 0 

I"e"" 0.62 Inc -----------------------------------------------2.1 I 

Duc to thc diodc voltngc drop Vd, 

Vde = 1.42 V ne - V" -----------------------------------------------2. 12 

The waveform of the output of a full wave rectifier is given below in fig 

2.2 

Vdc 

()~--~----~----4-----+_--~~---+------~ 

T (s 

Fig 2.2 Waveform ofa Full Wave Rectifier 

2.4.3 Peak Inverse Voltage 

This is the maximum voltage that occurs across the rectifying diode in the 

reverse direction. It is also the minimum voltage to which the diode can 

be subjected. 

1 16 
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~ 
~ 'S INTEGRATED CIRCUIT VOLT AGE REGULATORS 

I the two basic elements of a stabiliser circuit, i.e. the voltage reference 
i 
~d voltage amplifier, can easily be combined into an Ie, offering the 
~ . 
¥vantages of extremely good regulation, compact size and easy to use. 

te principle of operation is still hased on the Zener diode mode of 

~eration but with some added improvements. Ie regulators are designed 
1 

\r speci fic fixed voltage. 
I 

" example of a typical I< ~ regulator is shown in figure 2.3 below. CA 

1 td Cn are decoupling capacitors that maintain low output impedance at 

frequencies. The output impedance of all regulators tends to rise at 

h frequencies. It is very important to note that the minimum 

rmissible input voltage of all Ie regulators should be greater than their 
, 

ting for proper functioning. Examples of typical Ie regulators are 780s, 
I 

\LOS, 78JJ05, 791.,05, 78t 12, 3 I 7 etc. 

I 

1 
t 
~ 
i 
! 
i 
I 
I 
.~ 

IC 
Regulator 

CA 

,. 2.3 IC Regulator Circuit Configuration. 
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f 

t 
\ 
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2.6 TIMING CIRCUIT 

In any electronics project where switching is required, it is very important 

to generate a pulse signal that will be able to change between two voltage 

levels (i.e. for digital circuits), so that onc level will he for switching 

"off' (logic 0) and the other for switching "on" (logic 1), it could he vice­

versa in the case of logic 0 and logic 1 dcpcnding on what is expected. 

In this particular project, It cOlilinllous pulse is required ror clocking the 

counter so it can change its output stage I()r eHch clock input, depending 

on whether the counter requires a negative going or positive going 

transition for its operation. The pulse will be generated using a 555 timer 

configured in an Astable manner. 

2.6.1 The 555 Timer 

The 555 is a monolithic circuit packaged in several ways. It has 8 pin­

mini-DIP and has been found very useful in many electronics systems. 

It is mostly used for timing circuits because of its high degree of accuracy 

and stability. It also exhibits a negligible drift with the supply voltage and 

its output current is about 200m A . 

2.6.2 Configuration of a 555 Timer 

1. Monostable or one shot multi vibrator 

ii. Astable or square wave clock multivibrator. 

The mode of operation of the monostable 555 timer will not be discussed 

extensively as it irrelevant to this project designs, but the configuration, 
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the time width of the output to be at logic "1" and the output wave-form 

will be given as show below in figure 2.4 

0-----

O.lI1F 

R. 

0111 111 

Ra 

(' 

t = 1.1RaC 

h. 

Fig. 2.4 (a) Monostahlc Multivihrator (h) Its Output Wave Form. 

2.6.3 Astable Multivibrator 

The astable or 'free-running' multivibrator is stable in neither state 

(hence 'astable' which means not stable) but switches to and fro 

from one state to the other to give a square-wave output, i.e. it is a 

square-wave oscillator. It is also called a "clock" because of its use 

to the various parts of a computer in step. 

2.6.3.1 Astable Configuration of 555 Timer 

In figure 2.5a and figure 2.5b, the configuration of a 555-timer astable 

multivibrator is shown. 

\9 
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Vee 

Vee 

c o 
b 

a. 

Fig. 2.5 (n) Astahle 555 Timer (h) Output Wave of an Astahle 555 Timer. 

A 555 timer configured as an Astable muttivibrator is a continuous pulse 

generator for operating most digital circuits. 

The operation of the 555 timer depends on the external resistors Ra and 

Rb and the capacitor C. 

When there is supply voltage, the capacitor C charges through Ra and Rh 

to two-third (2/3) of the supply voltage and this effcct makes thc upper 

comparator inside the 555 timer to trigger thc flip-flop which in turn 

causes the capacitor to start discharge through Rb. When the discharge 

researches one-third of supply voltage, the lower comparator is triggered 

and a new cycle is started. 

2.6.3.2 Formulas 

These are the formulas we used for the 555 timer to control the lehgth of 

the pulse. 

tl = charge time (how long the pulse is high) 
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= 0.693 x (Ra +Rb) x C ____________________________ 2.13 

_ discharge time (how long the pulse is low) 

= 0.693 x Rb x C ____________________________________ 2.14 

T = period = ., + t2 = 0.693 x (Ra 1- 2Rb ) x C---:.------2.15 

F - frequency·- liT t.44/\(Rn 1 2Rhlx CI-------------------2.16 

2.6.4 nut.y Cycle 

The duty cycle. \) or u recurring pulses is defined us the ratio or the ON 

time to total cycle. It is the parameter that dclines how the pulse shaping 

of the output pulse wi11look like. 

o = 11 
T 

% duty cycle = 

Ra+Rb 
Ra + 2Rb 

Ra+Rb 
Ra+ 2Rb 

------------------------------------2.17 

x 100 ----------------------2.18 

When Rb is very large compared to Ra, then D= 1/2 :~ 100% = 50, this 

implies that the "ON" time t, is equal to "OFF" time h and hence a 

symmetrical square wave is obtained. However, if Ra is made so large 

that it cannot be ignored, then we have a duty cycle higher than 50%, and 

this implies that the "ON" time, tl is greater than the "OFF" time tz. 

2.7 COUNTERS 

A counter is a digital circuit that consists of n flip-flop connected in 

cascade whose function is to count the number of pulse applied to its 

input terminals. The maximum number of possible 1 and 0 state is known 

as the modules of the counter and these modules cannot be great than 2n. 
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2.7.1 Types of Counters 
Asynchronous or ripple counter is a counter of which the flip-flops are 

not in exact synchronism with the input pulse, this means that t~e first 

flip-flop is triggered by the clock and the output of which will trigger the 

second flip-flop etc. 

Contrary to this, thc synchronous or parallel counter is such that thc 

output or thc nip-flops change states immediately the pulse or clock is 

reccived. The advantagc of this counter over a synchronous counters is 

that al1 the flip-flops change statcs simultancously in parallcl thercby 

reducing the propagation delay to an apprcciablc valuc. 

2.7.2 Examples of Counter", 

Pure binary counter- It follows the normal binary counting sequence 

until2n 
- 1 before it resets. Note that n is the number of flip-flops. 

Decade counter- This is also known as BCD counters, when it counts in 

sequence from 0000 to 1001, it is a counter that has 10 distinct states no 

matter what the sequence is. In most cases, it consists of four flip-flops 

connected asynchronously or synchronously (depending on the maker and 

type) to count in binary from 0-9. 

The mode of counting is as given in table 2.1 below 
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Table 2.1 O~tput Sequence of a Decade Counter 

Output 
. -------- ---- ---------

Count QD QC QB QA 
1-------- --- ---_.-

L L L L 0 
.-- ---- -"------" ------- ------._-" i .. __ -.-_0-__ -

- .- .-

L II I L L 
- .. -

2 L L II L 

:1 I. I. \I II 
._--._---- --- -. 

4 L II L L 

5 L II L H 

6 L II II L 
_. _ .... - -_ .. _- -"--------- . -----------

7 L II II II 

8 Tl I, L L 

9 H L L H 

2.7.3 IC DECADE COUNTERS 

There are series of IC chips that can be configured to work as a decade 
counter. These include; OM74L590, TTL and llCC4017R CMOS IC, 
DM74L590 is a monolithic counter containing four master-slave Ilip­
flops and additional gating to provide a divide-by-two counter and a three 
stage binary counter for which the count cycle length is divide-by-five. It 
has a gated zero reset and gated set of nine inputs for use in BCD nine~s 
complementent applications. 
To use its maximum count length, the B input is connected to the QA 

outputs. The input count pulse are applied to input A and the outputs are I as described in table 2.1 above. 
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a. 

• Figure 2.6 (a) Pin Out of7490 (b) Circuit Configuration of 7490 

The power dissipation is 45m W with count frequency of 42MHzz and 

operating voltage between 3 V and 9V dc. 

2.8 DECODERS 

A logic circuit that accepts a set of inputs that represents a binary and 

activates only the output that correspond to that input numbers is called a 

decoder. 

Various types of decoders are available among which are: 

i. Binary to octal or 3-1ine-to-8-line decoder 

11. BCD - to- decimal - decoder (1 of 10 decoder) 

111. BCD - to - Seven segment decoder. 

Decoders are used whenever an output or a group of outputs is to be 

activated only on the occurrence of a specific combination of inputs. In 

BCD-to-decimal decoder, the input combinations from a counter i.e. 

24 
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74LS90 may be required to give a single output for each combination for 

use as a sequential counter in lighting display as the case is in this project. 

2.9 CAPACITORS 

A capacitor is a device that stores electrical energy in the form of an 

electrostatic field. They nre widely used in filtering or to remove ac 

signals from a variety of circuits. In a dc circuit, they can bc used to hlock 

the Ilow or dircct currcnt whilc allowing ac signals to pass. 

Capacitors takc a prcdictahlc timc to chargc or dischargc and can hc lIscd 

in a variety ortimc-dclny circuits. 

Thc vaillc or n smoothing (liltcrillp,) capacitor is dctcrmincd hy cq-uation 

2.19 helow 

=_~l T~_----------------------2.19 
Vpcnk - V rcg 

j Where 

1 
I 
1 
I 
! 
1 
I 

t 
! 

~ 
i 
) 
t 
! 
1 
~ 
% 

1 
l 
l 

J 

I = current drawn 

T = period 

V peak = maximum voltage 

Vreg = regulated voltage 

Note that: 

V ripple = V peak - V reg ------------------------------------2.20 

2.10 RELAY 

A relay is a coil with a specified inductance (LC, in Henry) that causes a 

contact to open or close when a specified current. Ion in Ampere charges 

it. 

The magnetic relay can be used as a normally open or normally closed 

relay. It is activated when the current in the energising circuit exceeds the 

value of the switch-on current, Ion. During operation, the contact switches 
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from the normally closed terminals to the normally open terminals. The 

relay will remain on as long as the current in the circuit is greater than 

holding current, Ihd. The value Oflhd must be less than that of Ion. 

The contact remains in the same position until the current falls below the 

holding value, lhd in Ampere, at which point- it returns to its original 

position. 

The energizing coil of the relay is modelled as inductor, and the relay'S 

switching contact is modelled as resistors. The circuit diagram of a relay 

is shown below. 

? Input 

N/W 
~outPut 

N/C 

Fi 2.7 Rela Circiiut Dia ram of Sin Ie throw Sin Ie Pole 
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CHAPTER THREE 

3.0 DESIGN AND CONSTRUCTION. 
3.1 INTRODUCTION. . 
As it was stated in the previous chapter, the whole operatIon of the traffic 

control system is based on the sequential ope~ation of a 4-bit decade 

counter and the output of 1 of 10 BCD decoder/driver. 

The power supply unit consists of a transformer with two voltage 

regulators -- 5 and 9 volts dc, except for the mains needed to run thc 

incandesccnt lamps. Thc scquence of the changes of the light bulbs 

obtnined hy decoding the output or the 1 or 1 () BCD decoder/driver. The 

outputs of this Ie wcrc thcn lIscd to switch rclays connected to the lamps 

led from thc domcstic powcr supply. 

3.2 DESIGN SPECIFICATION 

It is cxpcctcd that thc trame light control systcms should mect the 

following gcneral spccifieation: 

i. It should he powered by a 240 Volts AC mains supply, which IS 

then converted to 5 volts and 9 volts by the use of voltage regulators after 

stepping it down by a transformer. 

it. In order to obtain the logical operation of load circuit, a 

pulse generator (in this case an astable configured 555 

timer) should be used in the generation of train of pulses. 

iii. The input of the decade counter should be fed by the output of the 

pulse generator. 

iv. The output of the decade counter should be connected to the input of 

the 1 of 10 BCD decoder/driver. 

v. The output from the 1 of 10 BCD decoder/driver should be capable of 

driving the relay circuit that consists of diodes, relays and electric bulbs 
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rated 40 Watts each. Since the pulses from the decoder is active low, the 

use of transistors in the relay circuit was necessary. 

The various stages of the traffic light control system (block 

diagram) is shown in figure 2.1 

3.3 POWER SUPPL V 

The power supply functions hasical1y to provide the necessary dc voltage 

with low level or nc ripple nnd with good stahility nlld regulation. It is 

importunt to stnte here thnt sometimcs the source or this power supply 

could he n hattery, hut oneil power is ohtained Ii·om a unit that converts 

the normal single-phase HC mains supply li·om local source (e.g. NHPA) 

240 Volts to some different vallie of He voltage. One or the variolls 

methods of achieving a stable dc voltage from ac mains is by the usc of 

linear stahitiser. 

In the case of this project, 240/12 volts centre tapped step-down 

transformer was used to step down the ac voltage. The desired 5volts and 

9volts for the logic circuit and the relay circuit respectively were then 

realised using a full-wave bridge rectifier to steady de voltage with 

respective voltage regulators connected in parallel to the output' of the 

transformer. 

The rectifier unit that converts the ac voltage into unidirectional current 

pulses as shown in figure 3.1 has four diodes - 01, 02, 03 and 04 with 

IC voltage regulators the principle of operation has been explained in 

section 2.4.2. 

3.3.1 Component and Values 

Transformer: one 240/ 12 volts de output 

~iodes: 0 I = 02 = 03 = 04 = I N4007 

Capacitor: 220uF, 25 volts 

leI: 7809 voltage regulator 
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IC2 : 7805 voltage regulator 

Yo 

2t\Ov 
A<'lnpul 

-J-1 

Fig 3.1 Regulated Power Supply For 5volts and 9volts dc Output 

3.4 THE PULSE GENERATOR 

The 555 timer configured in astable mode was used in this project work 

to generate pulses that drives the decade counter which consequently 

drives the decoder. The timer has voltage specification of 5 - 18 volts 

input and when operated from a 5volts supply as the case is here, it is 

compatible with integrated circuit, Transistor - Transistor Logic (TTL). 

The pin out and the diagram of 555 timer configured in astable mode is 

shown in figure 2.5a. 

For this project, the period of each pulse was chosen to be five seconds, 

i.e. T = 5secs. To achieved this period, the values of an Ra and C were 

chosen to be 10k and 10uF respectively. from equation 2.16 we can now 

calculate the value of Rb. 

I.e. liT 

T 

5 

7.2 

= 

= 

= 

= 

1.44/[Ra + 2Rb) x C] 

[(Ra + 2Rb) C] I 1.44 

[(10,000 + 2Rb) x 10 x 10-6]/1.44 

(10,000 + 2Rb) x 10 x 10-6 
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10,000 + 2Rb = 720 X 103 

2Rb = 710 x 103 

Rb = 3SSK 

A choice of 3S7Kn resistor was chosen and a potentiometer of 470Kn 

was used to vary out the needcd valuc. 

3.4.1 Components and Values 

Resistor Ra = 10K n 
Resistor Rb = 375 K n 
Capacitor C = 10~F, 16V. 

555 timer = LM5551C 

3.~ IC COlINTRRS ANI) IlF:COOF:R/ORIVF:R 

3.5.1 The 74lJS90 Ie 

This is a synchronous counter known as a decade counter. It is a counter 

packaged in Transistor-Transistor Logic (TTL) which contains parallel 

connections of four flip-flops. This counter counts from 0 to 9 in its 

binary equivalcnt i.e. 0000, 0001, etc to 1001. the table below shows the 

counting scqucnce or a 741,S90 dccade counter. Thc outputs of this 

counter were decoded using logic gates. Logic gate is a device that 

performs a predetermined logic operation according to its logic function. 

For the purpose of this project, the choicc of 74LS9U was made or' which 

the outputs were to drive the BCD I of 10 decoder/driver. 

Table 3.1 shows the true table of 74LS90 decade counter and the pin out 

is shown in figure 2.6a 

3.5.2 The 74LS145 Ie 

This is the Ie of which the outputs were used in driving the relays and 

subsequently the traffic lights. This is a BCD - to - decimal 

decoder/driver. It consists of eight inverters and then four input NAND 
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gates. These decoder feature high performance, n-p-n transistors designed 

as indicator/relay drivers or as open collector logic-circuit drivers. 

Table 3.2 shows the truth table of the BCD to decimal 

decoder/driver. This IC was used in the design of this project. 

16 
I 
2 

Vee J 
------~.- .. - .. ~ 

I,ll k I (lilt lit 

:'i U 
8 3 I"("~ I 

~ 1.0 ic 2 (lilt lit 
:'i 

U 2 U 12 I ~ If) 

7 
.- ..q-- .--
1~ In I~ ~ 

on 6VJ I) --- (, 

'n nr./) 
~ 

7~ II 
(, '"'t II I~ ~ ~ r-

IO 
9 

2 
~ 10 1.0 ic:\ Ollt ut 
r-

8 II 
1,0 ic" oul lit 

Fig 3.2 The Logic Circuit Diagram of Trame Lights Control System 
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1 Table 3 2 Truth Table of BCD to Decimal Decoder/Driver IC 

NO. I NO. OF 

INPUTS OUTPUTS PERIODS 

QD Qc QB Q" 0-12-3456789 
-- . -. .----

0 0 0 0 0 o 1 1 1 1 1 1 1 1 1 Period 1 . 
1 0 () 0 1 1 () 1 1 1 1 1 1 1 1 Period 2 

2 () 0 1 () 1 1 () 1 1 1 1 1 1 1 Period] 

J 0 0 1 1 1 1 1 0 1 1 1 1 1 1 Period 4 

4 () 1 0 0 1 1 1 1 0 1 I 1 I I Period 5 

5 0 I 0 t I I 1 I I () I I I I Period 6 

6 () 1 1 0 1 1 I 1 I 1 () 1 1 1 Period 7 

7 () 1 1 1 I 1 1 1 1 1 1 0 1 1 Period g 

8 1 0 0 0 I t I I I 1 1 1 0 t Period 9 

9 1 0 0 1 1 1 I 1 I 1 1 1 1 0 Period 10 

_._._-_ .. ---._- .. _----------- .-._-------------.. 
- ------_ ... ---------_._------_. __ .- -_. -----.. -----~--.-.--

It is important to note that the outputs of BCD to decimal decoder/driver 

are high at low state, i.e. 

"0" = high 

"1" = low 

The decoded outputs of the 74LS 145 were used to design the traffic lights 

control system. The function table below shows how this is used ~nd the 

logic combinations that was obtained for the roads. 
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Table 3.3 Function Table Showing How Decoded Outputs of the Decoder 

was Applied to the Roads. 

p. OUTPUT OF BCD TO 

DECIMAL ROAD 

N DEC( )DFR/DRI VER 
- .. - .. - .- --
o I 214 567 R <) R 1\ (; 

o I t I I 1 I 

1 t 

() 

() 

o 

o 1 t t 

t 

1 

o 1 

() 

1 t 1 

1 1 I 

o 
o 0 

o 0 

1 1 0 0 

I 0 

() 

I 0 0 

too 0 

r---'------------------_____________________ ___________________ _ 

ROAD 

F 

ROAD 

S 

R 1\ (j R 1\ (; 

() I 1 () 

() 

() 

() 

o 
o 
() 

() () () 

o () 
001 

o 0 

o 0 

o 0 0 

ROAD 

W 
_. ..+---

R 1\ (j 

() 1 I 

o 
() 

o 
() () 

o 
o 

1 0 

o 
o 

PULSE 

PERIOD 

(S) 

:) 

5 

5 

5 

5 

5 

5 

5 

5 

:) 

--~." ------------------ .. ~ ... -----.. ~ ... ----.-- -._----.--_._------

From the function table of Table 3.3, R, A and G represents the Red, 

Amber and the Green lamps respectively. It can be observed from this 

function table that for periods 1,2,3 and 4, the green lamp of road N 

comes up indicating that road N vehicles can move. Likewise Road S, the 

same periods keep the green lamp orthe road Son. 

For period 5, as the vehicle on road N and road S are stopping, those on 

roads E and Ware getting ready to move. We can observe that for periods 

6,7,8 and 9 the green lamp of road E comes up and also the green lamp of 

road W indicating that vehicles on these roads can move. 
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For period 10, as the vehicles on roads E and W stop moving, those on 

roads Nand S get ready to move. 

From Table 3.2, the transition for each of the periods can be written in 

Boolean Algeria as shown below: 

For period 1 

QA On Qc OJ) 
For period 2 

- - -Q A ()n ()(' <)1) 

For period 3 

QA Qn Q(' QIl 

For period 4 
- -

QA Qn Qc QI> 

For period 5 

QAQnQcQn 

For period 6 

QAQBQcQn 

For period 7 

QAQBQCQO 

For period 8 

QA QB Qc '00 

For period 9 - --QAQBQcQo 

For period 10 - -QA QB Qc Qo 

From the above logic transition we therefore proceed to show the . 
transition of each road: 

For road N green and red lamps 

Period 1 + Period 2 + Period 3 + Period 4 
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For road N amber tamp 

Period 5 + Period 10 - .... -
QAQnQcQo+QAQ~QcQo -=Qn 
For road E green and red larnp1'1 

Period 6 + Period 7 -l Period R t Period 9 

= 

For road E amber lamp 

Period 5 t Period 10 

Q A ()n ()(' <)" t· Q A <)n ()(' <)J) -=Qn 

For road S green and red lamps 

Period 1 + Period 2 + Period 3 t Period 4 -- -_ ... -- ... 
QAQnQcQo+QAQnQcQo+QAQnQcQo+QAQnQcQo - -= QcQo 
For road S amber lamp 

Period 5 + Period 10 
- - -QA Qn Qc Qo + QA QR Qc Qo 

-= Qn 

For road W green and red lamps 

Period 6 + period 7 + period 8 + period 9 .... ~ ..., ~ -
QAQnQcQo+QAQBQcQO+QAQBQcQo+QAQnQcQo 

- --
= QA Qc + QA Qn Qc Qo 

For road W amber lamp 

Period 5 + Period 10 - -
= 

35 



r 
1 
~ 

I 
1 

I 
I 

3.5.3 Components and Values 

The 74LS145 BCD to decimal decoder/driver. 

The 74L890 Decade counter. 

3.6 OUTPUT STAGE 

An interfncing unit is rcquircd for this project to handle 240volts nc 

maim,. This interracing unit is what is called the output stage and it could 

he I1lLUlc 01' solid stlltc w~illg thyristors or trinc IH;lwmks or Illude 

electrochel11icnlly hy using trunsistors and relnys. For this pro.icct. the 

output stnge is mode lip or switching diodes, rclnys and indicator lamps. 

Since the output of the decoder is high at low state, there is no need 

amplifying the circuit with transistors. 

When the output 01" the Ingic circuit is high so that there is a complcte 

circuit with the relay, ahout flvnlts connected to the relay will appear 

across the relny coil. With this, the coil hecomes energised nnd this 

consequently closes the normally open terminal thus closing the ac path 

through the lamp, the lamp then turns on. This lamp remains on for as 

long as the logic output is in the high state. 

On the other hand, when the output of the logic gate turns to low, the coil 

of the relay is de-energised and this brings the contact to be open and the 

lamp goes off. 

This explanation is for the normally open contact that was used in this 

project for the contact of the lamps. The relay used here is a single pole­

single throw relay. The circuit diagram for a relay is shown in figure 2.7 

above. 

3.6.1 Components and Values 

Relay coil resistance = 4.2 Kn 

Relay voltage Vr = 6 Volts 

Diodes DS-DIO = IN4007 
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3.7 CONSTRUCTION 
The project or bread board was first used to build and wire the complete 

circuit of this project. The relay contacts were confirmed to be behaving 

as expected on the board. On achicving this positive rcsponse, the circuit 

wns thcn cnrcrul1y huilt 011 the Vero hoard. Ie sockets were lirst inserted 

wherc it was neccssary 011 the hoard and then soldered. Similarly, other 

components were carellllly soldered on the board. I,'inlllly, the ICs were 

then placed into the Ie sockets where the provision has heen made. 

3.7.1 Coupling Rnd l'e~tlng 

The circuit was assembled together to give a complete traffie control 

system for a 4-way junction. The signal indicators were made of three 

colours of lamps for each signal hcad for the :,)aos. Thcse colours 

consists of the red lamp on top, amher in thc middlc and thc grcen lamp at 

the hottom. 

The bulbs rated 40-watts each were connected to the mains supply with 

relay contact as switches. After ensuring that the coupling was done 

neatly and properly, the overall circuit was tested and found in good 

working condition. 

The circuit design diagram is enclosed in this project book. 

3.8 RESULTS AND ANALYSIS 

In Table 3.3 of this project work, the result of this project has been 

elaborately tabulated. The clock pulse whose period depends on the 

duration desired was produced by the pulse generator (555 timer). It can 

be seen also that the Table 3.3 shows the sequence and periods for each 

of the lamps. We see from this table that each state represents a clock 
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pulse and the combination of these pulses were used in the operations of 

the different time lenith of the lamps. 

Table 3.2 shows how these states have been separated into periods, i.e. 

periods t to 10. We observe that the green lamp of road N and the red 

lamp at road E come up for the lirst fOllr periods, likewise the green 

Illmps Ilild the red lump orro"d~ S nnd W re~p{~ctively. 

In period 5, the amber lmnps come lip and this is f()l\owed hy the green 

lomps of mnds E nnd W nml red Inmps or roads N nnd S for period (),7,R 

und l). 

Finnlly. period 1 () turns on the second sequcncc or thc nmher lamps. It is 

il11portnnt to note here thnt tht' rcd Imnps follows the mnher whcn amhcr 

hns hecn on hy itscl f n IOlle. 

3.9 SlJMMAltY OF OI'F,ltATION 

The power supply is Ii'om lie Il1nim~, :) Ilnd <) volts DC were reglllnted Ollt 

using voltage regulators aller stepping down with a 240/12 volts 

transformer which was rectified using hridge rectification. 

The 5volts dc supply provides the source ror thc pulsc gcnerator (555 

timer) to operate and it suhsequently serves as the source I(Jr the logic 

circuit. The relay switches were activated by the 9 volts dc supply. 

The pulse generator provides clock pulses which were used to trigger the 

decade counter. The output of the decade counter were then decoded 

using the BCD to decimal decoder/driver. The output of this decoder is 

connected to the final stage of this project work. As mention earlier, the 

final stage consists of relays, switching diodes and lamps. Depending on 

the state of these relays, the lamps were turned on or off as the case may 

be. 
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CHAPTER FOUR 

4.0 CONCLUSION AND RECOMMENDATION 

4.1 CONCLUSION 

It cnn he concluded thnt n pre-timed trnrtic control sysll'l11 for a 4-wny 

junction hns he en designed nnd constructed. With careful comhination or 

this logic circuit of this control system, other sequcnce can he achieved 

which can he used for trunic control or similar junctions. 

4.2 RF.COMMF.NIlATION 

I recommend the fol1owing hased on the ahove mentioned problems: 

I. The electrical laboratory should he equipped with testing equipment 

sueh as Ie test equipment 

II. Books that contain information like the traffic codehook should bc 

made availahle in the University Lihrary. 

iii. An advance project hooks on the usc of EPROM for traffic control 

system should he made availahle also in the University Lihrary. 

4.3 PROBLEMS ENCOUNTERED 

In the cause of designing and constructing this project work, the m~ior 

problems problem encountered include: 

i. The difficulty in combining the lamps in logic sequence with the logic 

combination. Nevertheless browsing through the internet helped greatly. 

ii. There was no means of verifying if an Ie is functioning normally or 

not, so trouble shooting was hectic. 
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, APPENDIX 

Advantages of CMOS over TTL ICs 

,1. Low power dissipation, typically IOn W per gate. 

II. Wide opcrnting tempcrntllre I'Clnge, - 40 C to +R:S C. 

III. Iligh 1),(' (;lI1-ollt, 

IV, Wide opcmtillg slIpply voltagc r:1I1ge, I c:,v to I I SV. 

v. FXl'cllclit lIolse illlllllJllity, 

VI. Illputs :IIHI olltPlIts m:e pmteuted ag,lillst electrostatic voltages. 

VII. ButTcred outputs 011 all circllits. 

~ Advantages of TTL ovc,' CMOS ICs , 
~TL Ie's c,1I1 withstand rough IWlldling to a greater extent. 
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