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Abstract e o (o
There is a growing desire for electronic gadgets o be more allordable, However, this un‘tll“‘,‘ :w.'r::;\.“.llﬂ
the cost of production is cul down comiderably, This paper Tooks particularly, .nll n;u ;( _‘\] el ullnc
method of producing traftic light compared to the micrm'unl|‘u|Il‘l':‘i"l’““{""l "'M"“‘“l'\'\l "L'I"I '? :‘.“..mr
relatively capital intensive. The intention is to cut down the cost ol producing trafhic ”f'. “'. ‘"‘AI‘t " Nop
procedure employed here makes use of the 555 timer 1€ configured to generate l“'_'-“‘ “'R"-":.l 'I_’ op
ICs arranged 1o realize a hexadecimal counter o count the pulsess and some .Iuglc gate 1Cs used 1o
determine which binary pattern that would be allowed to get o the cutpti. ThacrestlLts o In\‘v-cm!
trafftic light with satistactory efficiency, stability and durability. The paper linully encourages engineers
to be economical in their design and construction of gadgets as ccononies is a vital aspect of industrial
activities,
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INTRODUCTION

The counter-gate option of realizing traffic light has proven to be effective both
technically and cost-wise. It is cheaper as a result of the components it employs. These
components are just commonly available in the local markets around and they include
resistors, capacitors, 555 timer IC, 7476 flip-flop IC, simple gates ICs (such as 7408
and 7432), relays, transistors and other simple components of that order. It is solid
state throughout, as it does not employ any programmable or software-dependent
device such as the microcontroller.

The traffic light can equally be realized using the microcontroller and other auxiliary
components. However, the microcontroller for one is a very expensive device. Apart
from the cost of purchasing it, more expensive is its programming. The cost of
programming one microcontroller can take care of building the counter-gate traffic
light completely.

According to IThemadu (2008), this particular counter-gate traffic light comprises five
stages namely,

e Power supply stage

Pulse generator stage

Counter stage

Decoder stage

e Lighting stage

The power supply stage employs d.cl.“voltagc regulators to stabilize the voltage at
certain values that are necessary for different parts of the circuit, The pulse generator
stage uses the 555 timer IC in the astablemulti vibrator mode to generator a clock
ignal. The GOURIEY CICME s 7476 J-K Hlip-flop IC arranged as modulo-16 counter.
This circuit counts the
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,lul\d o5 gates to dccidi \\'hic&;:l:;‘l MO cireuit, The decoder stipe
" The lighting stage uses rel; the three lights (green, yell o e
ghting stage uses relays and power transistors t'oy: ”lwl Oé')md) OFF il
Sistors switch ON or OFF a
ny of

L n‘ S > ‘ \ Sl
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m.ISIGN,PROCEDURE
The circuit was actually designed in parts. However, 1
S er, basic

cerious consideration so as design issues were put into

10 ensure concic
mquin:mcnt..curn:nl l‘cquimmcnt.L;.]i;l]l:l Eg?;‘;ﬂc‘"cyﬁ ,Sl,wh issues include voltage
chow the design procedures of the various p'u‘lls‘ Olf-y. cle. ‘_I‘hc' subs.cqucnl subsections
The Power Supply Stage 8 parts of the traffic light circuit.

The power supply stage of this gadget is a stabilize o
cmplog'iﬂg voltage regulator ICs and :::[;p{;n;lg Ztizll:l?l%l%l‘éll;i.OIL)I?“L/l(t:r SlIjl[')ply"CIrlCZU\l/l
and +5V. The 12V powers the pulse generator and the lighting ciFCLlit\;ow}lu%fés'tl; 5V
sowers the counter and decoder circuits. Singh (2011) has it u?;u the 555 chip can be
powered by .4.5\’ to 18V. Again, the lighting circuit employs 12-V rcizlys un([l) T}P 41
1sistors which require 12V. This informed the choice of 12V d.c. for the
and lighting circuits. The flip-flop and gate ICs are TTL devices and
oltage of 5V (NTE Data Book, 2014). This is why the counter and
The various units of the power supply stage are

power trar
pulse generator
so use nominal v
decoder circuits are powered by 5V.
shown below.

Transformer Unit: The transformer chosen was a 220V/12V, 1000mA, 50Hz

transformer.
arrange a bridge rectifier. The
IN4001 diode is a silicon diode and so each of them has an inherent voltage drop of
0.7V (Tooley, 20006). During each half cycle of the a.c. voltage, two alternate diodes
conduct and this leads to a total voltage drop of 0.7V + 0.7V = 1.4V.The output d.c.
voltage from the rectifier unit is Ve = 12V —1° 4V =10-6V

Rectifier Unit: Four IN4001 diodes were used to

t input capacitor (electrolytic capacitor);

ed is the shun
Iter us 1000uF, 35V electrolytic capacitor).

Filter unit: The type of fi _
alue is 35V (that 18,

and the preferred chosen v
voltage regulators 10 step down the d.c. voltage to

Regulator Unit: This unit uses tWo .

- . oulator to use, 1t should be recalled. that part
12y, and, 5. In, deci o8 which voltage while those of 7900 series are for
d, informed the choice of

numbers of the 7800 series aré 1% L as neede
negative voltage. The fact that positiV alue of the voltage it stabilizes

7800 series. Furthermore, the last tWo dig < 10 +5Vae. The figure below is

to; hence 7812 stabilizes to +12Vac

the circuit diagram of the power supply stag®
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) 1000uF 1000uF
. 1000uF T 25V Tzsv
T 25V

(adapted from Adejumobi et al, 2011)

Fig.1. Power supply stage

"7[:{1e Pulse Generator Stage he 555
1¢ pulse generator circuit was realized using the ;

astablemult?vibrulor mode. According to Katz and Borriello(2004), tbe 555fch'|p.ca.n
be tuned to generate clocks of alternate periods and duty cycles. By virtue o thl?_” i
possible to vary the frequency and duty cycle of the.pulse. Kleitz (2005) cxp!alined
that the 555 chip got its name from the three SKQ resistors sefup as a voltag_e divider
from V. to ground. He added that it comprises two comparators, an S-R ﬂlp—ﬂop’.a
discharge transistor and a buffer. The figure below is a block diagram of the 555 chip

in an astablemultivibrator mode.

éR\ Vcc (pln-B)

Control (pln-S)r——i'
§R,. 00PF== | &

Threshold (pm-ﬁ)ti—
Trigger (pin-2) -

Discharge (pin-7)f ;

'
'
.
]

timer 1C configured in the

———O0 Reset (pin-4)

O Output (pin-3)

- OV(pin-’l-)l -

Fig. 2. Block diagram of 555 timer in astablemultivibrator mode (adapted from Kleitz,2005)

The operation of the above circuit is explained as follows:

e When power is first turned ON, the capacitor C is discharged, which places OV at
pin 2, forcing the lower comparator HIGH. This sets the flip-flop
(§ = LOW,output = HIGH).

e With the output HIGH (Q LOW), the discharge transistor is open, which allows
the capacitor C to charge toward V. via Ry + Rg.When the capacitor voltage

1
exceeds Ve, the lower comparator goes LOW, which has no effect on the S-R
flip-flop; but when the capacitor voltage exceeds in the upper comparator goes

HIGH, resetting the flip-flop, forcing ¢ HIGH and the output LOW
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o With @ HIGH, the transi
X s SIstor s —
via Rg. shorts pin 7 to ground, which discharges the capacitor

o When the capacitor voltage drops below v
3 Vee, the lower comparator gocs back

HIGH again, setting the fli
A p-flop : ke
o Now, with @ LOW, the trans{;tzjnrd:mkmgQ EO¥ outpit KIGE

charging up again. pens again, allowing the capacitor to start

The cycle repeats, wi .
y peats, with the capacitor charging up to %V::c and then discharging

down to =V, continu :
3 cc ously. While the capacitor is discharging, the output is LOW.

Figure 3 below is the actu
al ic di ivi i
e 4 is its output sigoal schematic diagram of the astablemultivibrator while

Fig.3. Schematic diagram of the astablemultivibrator (adapted from Themadu, 2008)

+12V
100K
4 8 7
e—— 3 555 1

—
L —L— 1000pF,

T 0.01F 3%

Fig.4. Output signal of the a stablemultivibrator

The Counter Stage

This is an arrangement O
stage successfully divides
cycles of the clock input signal 0
signal to flip-flop C and so on (Too0
;ll:l)ptllf o aSyﬂ?ﬁ;Ol;gtlli;?_U;tg;it was arranged this way with the following facts as
rthermore,

guide:
e That the maxim
e That when a num
clock input of the ne
count is given bY 2, W
counter. . _flop to be clocked generatcs the least significant bit (LSB)

*, Tumtbe L most significant bit (MSB). -
while the last 870 4 NOT gate 10 realize the inverse of }hc letters — A, B,
e That there is 10 need for a (s of the flip-flops — since their complementary

Cand D which ar¢ the outpy

f a four-stage binary counter based on J-K bistables. Each
he clock input signal by a factor of two; meaning that two
flip-flop D leads to one cycle of the clock input
ley, 2006). This type of counter is referred to as

ngle flip-flop can make is 2.
are cascaded from the output of one to the
ronous) counter results whose total

ber of flip-flops used to realize the

um count a Si
per of flip-flops
xt, a ripple (asynch
here 0 1S the num
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outputs (Q,, ¢y, G- and §,) perform the task of inversion automatically,

Figure S below is the circuit diagram of the counter stage.

towict Logic| peg C |Lose! pra B A

.J 1PR

Qi s

g B

Clk

¢
K Clinput

Fig.5. Counter Stage (adapted from Themadu,

The clock input of flip-flop D receives the pulse signal from the pulse generator
circuit. As a result, flip-flop D output changes state most frequently, of the four flip-
ﬂops. Each complete input pulse produces a change in its output state. Therefore two
mput pulses produce one complete pulse at its output. In the same vein two pulses at
the output of flip-flop D (that is, clock input of flip-flop C) produce one complete
pulse at the output of flip-flop C (that is, clock input of flip-flop B) and so on.
Following this sequence therefore, to produce a change of state at the output of flip-
flop A, 8 cycles of the pulse signal must be introduced to the clock input of flip-flop
D, and to produce one complete cycle of signal at the output of flip-flop A, 16 cycles
of the pulse signal must be introduced to the clock input of flip-flop D. Therefore the
counter is a modulo-16 (that is, hexadecimal) counter. This agrees with the formula 2",
which is 2* or 16 counts.

It could be seen that all the clear (cl) terminals are linked together. This is to facilitate

synchronous clearing of all the flip-flops and hence, resetting the counter. The circuit
that operates the resetting is shown below.

VCC
5V

éRl %RZ
47K D47K

<

i

!

Al s
B\_l_

Fig.6. Cross-coupled NAND circuit (adapted from Kleitz, 2005)
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The above circuit operates on the basisg that the NAND g
logic 1 if at least one of its inputs receives logic 0 (see tab]é? ‘;l)c prodices an output of

Table 1. Truth Table of NAND Gate

A B o/p

0 0 1

0 1 1

1 0 1
L-1 1 0

The circuit is operated with a switch S, which is a 2-way push button. A single push
on the button causes the striker to move from point A to point B and then back to
point A and relax. Because the striker is tied to ground, wherever it touches means
introduction of logic 0. Therefore, a strike on point B means that NAND gate B would
receive logic O at its only free input through R, and produce logic 1 at @. At this time,
NAND gate A would receive logic 1 at its only free input through R, and supply logic
0 at Q. On releasing the button of S, the striker returns to point A thereby introducing
logic 0 to gate A to produce logic 1 at Q. This time, gate B receives logic 1 (that is
+5V) through R; to produce logic 0 at Q. Therefore a single push of the button of
switch S, leads to the production of one complete but momentary clock pulse. This
makes it possible for the circuit to act as a clear pulse generator. Output Q is the
preferable feeder to the clear (cl) terminals of the flip-flops.

The Decoder Stage )
This section of the gadget is responsible for receiving the binary bits released by the

counter circuit and deciding which lamps should come ON, with the aid of the bit
pattern from the counter at each count. It does the work of a translator, translating bit
patterns to take decision on which lamps should be permitted to glow at each point in

time. The circuit was realized by first distzibuting the 16 counts of the hexadecimal

counter among the 3 lamps. Meanwhile, it should be recatled that the traffic light is

going to be mounted on a junction and there are two arms of roads passing through the
junction. Therefore, subscript 1 has been used to denote road 1 while subscript 2 is for

road 2 (see table 2).
Table 2. Count Distribution
COUNTER
OUTPUT LAMPS
HEX |[A]BlC|D|Y: |Y2[Gi|R |Gz |Ry
0 o0/o|0o(0]|1 1 0 0 0 0
1 ojolo|1]|1 1 0 0 0 |0
2 oloj1|01{0 0 1 1 0 0
3 olof11]11]0 0 1 1 0 0
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—T1 |1 |0 |0 |
ST o [0
> (o |2 |1 0 19
> o |1 |1 10 0
7 [1 |0 fo 10 13
TT,L—O———l 1
o o Jo |0 |1 |1
o |o o Jo |1 1
o o |0 jo 1 U]
o |o |o |0 |1 {1

1o Jo o O |1 |1 |

under the LAMPS section of the table above, logic 1 represents ON
el : . 0 represents OFF state of the lamps. ‘
state of the lamps while logic UTeP 4 lieht. Subscript 1 me:
Y means yellow light; G, green light and R, red Aght. S ; d]2p means thal the ligh
is serving the vehicles on road 1, whl!e subscript 2 is for road 2. .
By the distribution, the two yellow lights are the first to come on while others woy|g
stay OFF. The yellow lights would stay ON for counts 0 and I and go OFF.
Immediately after count 1, the green light for road 1 and _the red light for road 2 woulg
come ON and stay for counts 2 to 7 (that is six consecutive counts). During this time,
other lights would stay OFF. Immediately after count 7, the two yellow lights would
come ON again and stay for counts 8 and 9, to warn the vehicles on road | to gl
ready to stop moving and those on road 2 to get ready to start moving. As usual, other
lights would stay OFF for these two counts. Immediately after count 9, the green light
for road 2 and the red light for road 1 would come ON and stay for counts 10to I5to
complete the first cycle of lighting. During this period of counts, other lights remain
OFF as well. This is another six counts just as in the case of green light 1 and red light
2. This cycle of lighting can continue indefinitely for as long as there is power supply.
The above description is actually a design prospect of how the decoder circuit should
W_0rl§. Tg actually realize the decoder circuit, there is the need to minimize the Jogic |
distributions to the different lights using karnaugh map as can be seen below.

In the colu

Iframaugh Map Minimization

; z;tz:nr?stzov(v)(())um glow (that is, be on logic 1) when the counter output produces binary

ABCD ‘KECDO'A‘OP(‘)L 1000 and 1001 (that is, representing the variables
) » ABCD and ABCD respectively). Below is the K-Map minimization of

the binary patte i
For Y,: %p ms (or variables) of the counter output.

Rt
uces bln‘m‘
e yari blé*

vein, G, ang
’ ll, 0100' 0]01

Ry w
ould glow when the counter output Prod

» 0110 and 0111(that is, representing !
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ABCD, ABCD, ABCD. ABTD, ABCD and ABCD). Below js he K.u

of the binary patterns. ap minimization
For Gi; Rz
A A
1
A D
\1l1)
B B B
Gl; RZ = EB + EC
=A(B+ C)- (i)

Finally, G> and R, would glow when the counter output produces binary patterns
1010, 1011, 1100, 1101, 1110 and 111l(that is, representing the variables
ABCD,ABCD, ABCD, ABCD, ABCD and ABCD). Below is the K-Map minimizations

of the binary patterns.

For G2; Ry
A A
1\ i)
1 -
= D
O [ fa] |
_ 1/[1) |D
B B B
Gz; R|=AB+AC <
=A(B + C)---mmm--- --- (iii)

The Boolean expressions for the three different pairs of lights are then implemented as

shown below.

\ B Y;;Y:
‘ 1,72
. GiR;
\D_4“ B
C
— - G2:Ry
B

Fig.7. Decoder stage

¢ others would stay

o o durlng countsi0 A6 5 Yiand Y2 W glO_W. wlhll s would stay OFF;
iF, during counts 2 to 7, G; and Rz would glow \ylulc ot ]‘er;ould tay OFF and
Uring counts 8 and 9 Y, and Y, would glow again while others ¥ !
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MAINS

ile others would stay OFF

glow wh and

0to 15 G2 and Ri would

ring counts 1 \
ol ng itself-

process keeps repeatl

puts of the above logic gates is d.c,
can only light a light-emitting diog,
pulb for instance, a modificatioy -
n below (

The Lighting Circuit Stage
Meanwhile, the current sup
moreover, too smal
(LED). Therefore, t
imperative using powe

plied

| to light 2 ﬁl‘
o make it light a
r transistors and re

Jays as show

12V,5A RELAY

NC

Y1

Fig.8. Lighting circuit stage

The idea behind this modification is to allow the supply of power from the mains to
the 60-W bulbs. The live wire of the mains supply is connected to the normally open
(NO) terminal of the relay while the common (C) terminal is connected to one of the
terminals of the lamp (Rashid, 2010). The other terminal of the lamp is then connected
to the neutral wire of the mains. Figure 8 shows the circuit for lighting yellow lights
only. The same circuit is repeated for the other two pairs of lights, to make for a total
of three of such a circuit. On the whole, there would be three 60-W bulbs on each arm
of the cross roads_ thereby giving rise to a total of twelve 60-W bulbs.
s e el T o Wi s A0D gt o Y Y e
the base jugction of thc:g TIPZI owor f le.de Al r(?SISt(-)r to avoid surge 110
reduce the surge, the 150K re:scli()we‘r ransistor. If th.ere is still the need .to further
i thereby’allowing SOpme o resistor could be 'var1ed to reduce the resmtanc.e.on
current then reaches the transistocr)re C(; e d.ral.n through the arm. The remainiie
currentfrom Ve, which formerl couzl‘(ri1 rggers it into conduction. As a resl.
It passes through the collector~eymitter not flow through the relay, now begins © ﬂo\:;'
By this conduction, the relay is activatjgnctlon of the transistor and returns to grou™
close. Current from the mains supp] ed so that the normally open contact would Fhe]ﬂ
Pply then flows through it to the common termi™®

e yellow lig

other two pairs of lights in this ypjt
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CONCLUSION

The counter-gate method of realizj g e

method of achieving the ciTCUi;tl.h,ZAl‘Ecgoad-udmc light is a workable and yet cheap
»12,000. When compared with the mi rding to appendix I, the total cost is about
choaper because programming th mlf:rocontroller method (for instance), it is much
depending on the programmeg Adedic:ip slone costs between N5,000 and #10,000
m_aterials woul_d de.:ﬁnitely shoot the totthcg:stC ?zfrtsal())(ivzﬂl]\legoa(l)lg(l)llziltrf’egs(;mponcms nd
Since economics 1s an important part of engineering prod:Jction this 'papcr advises
engincernng practitioners to consider options like the counter—,gate alternative of
reall’zmg.trafﬁc light more especially when the cash is not very much there.
Engineering producthn always has cheap options and they should always be explored
and subsequently put into consideration during design to ensure that workable gadgets
are produced at minimum cost possible.
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cvalu tion
ment ﬂlld l“Vﬂ.[ a
x\ppendix L. Bill of Enginccring Measure icn

S/N DescriptioW@j 1 | 100 T E—
1 12-V Transformer_’,___-————z"""f 10
2 [anaooidiode - [50 200
3 | 1000uF, 25V capacitor _____————" |50 2 R
4 | LM7812CT voltage resulath___——-i-—-"" 50 50
5 LM7805CT voltage regula_t%_,_———r—————- 0 50
6 NESSSN timer IC _i/ 10 10
7 100K resistor _I’————— 30 30
8 1M preset resistor —3 15 15
9 0.01pF capacitor > 300 600
10 SN7476N J-K flip flop 0 50 —_—
11 | 4.7Kresistor 5 - |
12 | SN7400N NAND gate 1 . =
13 | Soft button switch 1 5 =5
14 | SN7408N AND gate 1 . T
15 SN7432N OR gate 1 = =
16 | 9V zener diode 3 B |
17 150K preset resistor 3 30
18 | TIP41 transistor 3 150 450
19 | 12V relay 3 250 750
20 60W electric bulb 12 50 600
21 Connecting wire - 500 500
22 1.5mm’ cable - - 1200 1200
23 | Solderinglead ) 400 400
24 Vero board - 500 500
25 Printed Circuit Board - 500 500
26 | Casing - 2000 2000
27 Labour - 1200 1200
28 Transport - 2000 2000
Total 11,945

The total cost for the construction of the traffic light was eleven thousand nine

hundred and fourty five naira (811,945.00) only. This was the cost of the work as at
August 2013. ‘

o
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