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Abstract

In this work, an Automatic Time-based Street Ligh€ontrol System using
microcontroller was designed, simulated, and implemted. The street light control
system was designed using microcontroller (PIC16Bp%nd the micro chip was
programmed using flow-code5 programmer to automatig turn ON and OFF the
light based on the time required by the user. Thesiined system was simulated,
implemented and then tested. The result of the ®&sdws that it works as designed,
thus it automatically turns ON and OFF the light aset by the user. In this system,
cost of maintenance was drastically reduced angbiibvides an effective measure to
save about half of the energy consumption with 8&.4efficiency by preventing
unnecessary wastage of electricity, caused dueigbting of street-lights when it is
not required.
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1.0 Introduction

Street lighting is one of the vital parts of a @tynfrastructure where the main purpose is totligie city’s streets during
dark hours of the day. Lighting can account foi3B% of the total energy bill in typical cities vidwide [1]. Street lighting
is a predominantly critical concern for public awtlies in developingcountries because of its egit significance for
economic and social stability[2].

In Nigeria, too much amount of energy is wastedstaet lighting due to lack of automatic controsteyn to turn On/Off
were necessary e.g., the street light around teehof Bayero University Kano.Manual control iope to errors and leads
to energy wastages [3].The current trend is thethtction of Automation Control Streetlighting [4Despite the current
development of the automatic street light controthie world, the system is rare in Nigeria. Wherailable; the system is
not home base design. Considering the need fomaio control of street light in Nigeria, this raseh is intended to
design, simulate and implement a home base Autonfame-based Street Light Control System. Thisikely the first
research carried out in Nigeria.

There are many numbers of control approach anevélys in which its been controlled such as Desigh lanplementation
of CPLD based Solar Power Saving System for Stteghts[1], Design andFabrication of Automatic Strdeght
ControlSystem[4],Automatic Street Light Control 8 [5], IntelligentStreet Lighting System UsingSaM [6],Automatic
Street Lighting using PLC [7],Automatic Street Ligly System for Energy Efficiency based on Low Gtistocontroller
[8],A NovelDesign of an Automatic Lighting ContrBlystem for a Wireless Sensor Network with Incregsedsor Lifetime
and Reduced Sensor Numbers[9],Power Consumptiondied in a RemoteControlled Street Lighting Syqtoh and A
high Efficiency Autonomous Street LightingSystensBa on Solar Energy and LEDs[11].

This research is intended to solve the aforemeatigoroblem by employing automatic time-based ligiritrol schemes,
with concern on programming and memory size stordfes research will focus on the aspect of prognémg the circuit
using a flow-code5, which can be controlled bymioratroller PIC16F690. This circuit will  be actted only when the
time is equivalent to the On-time and will remailN @ntil the time is equivalent to the Off-time. Bahe On-time and Off-
time setting are saved in the Microcontroller meyndy using this as a basic principle, the int@lg system can be
designed for the perfect usage of streetlights@hdr lighting control system (i.e. Home, Officehektre Art, etc.) in any
part of country.
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Microcontroller sometimes called a single-board patar is a device which integrates numerous compusnento a single
chip thereby making up a complete control systeitalsie for electronics systems design. It is mostbed for building
intelligent systems such as; military hardware ptabsystems, industrial automation, home applicag.t.c.

2.0 Design Procedures of Automatic Time-Base Street Lighting ControlyStem

Three stages have been incorporatedin to this Wésighe achievement of the system. Design archite which is the main
block function for the proposed design. While, siadtware development based on the proposed desigbeadiscussed in
software part. The hardware specification will goout the components involved in this design frdm time setting
components pending the controller selection.

A. Design Architecture

The system developments start with the design atiire of the proposed system. Transparent bladraim was used to
produce the proposed design as shown in Figurenvd. Main components have been identified as thetitgpthe system;
Time setting and Power, while two components actaded as the output which are; display and lamps.

The On time setting, off time settingand main tisedting are the three processes managed and dedtbyl the PIC16F690

microcontroller.
Time setting Power

| Time sslection I Voltage Regulator |
Processing:

On time-setfing
Off time-setting
MNain time setiing
Decision

| 1

Stams:

Information Display Relay Switch
Light On
Light Off
Main ime Display

LCD Display Lamps

Fig. 1 Transparent block diagram of Automatic Time-bas Street Lighting Control System

The PIC16F690 is a microcontroller in the PIC famiroduced by microchip technology[12]. They all@lectronics
designers and hobbyists add intelligence and fonstthat simulated big computers for almost angtedeics product or
project. It features (8-bits), 18 input and outpirts, and the remaining pins VDD and VSS are pasgupply and ground
reference respectively as shown in figure 2.

VoD [] Vvss
RASTICKVOSCH RADAND
RALANIOSC2 RAUAN1VREF
RAIMCLR RA2AN2

RCSICCP
RCt

RCIANT
RCEANSSS
RCTIANS'SDO
RE7TX

RCO'ANS

RC1ANS

RCZANE
RELANIOSDVSDS
RESANTIRX
REB&'SCIUSCL

Figure 2. PIC16F690 Diagram

PIC16F690 microcontroller has been selected asdhtoller in the system due to the low cost, cotibiay, compact size
and easy interfacing over several type of othertrofiar including Field Programmable Gate Array &) and
Programmable Logic Controller (PLC). It has inbuaificillator of 4AMHz and 8MHz, its uses serial pargming algorithm,
it's easy to erase and requires no special toofloteo, and high memory storage as shown in tideTh The status of the
system operation is display on the LCD and the Bmp
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Table 1.

Memory Storage of PIC16F690 Mico Chip

Automatic Time-Based... Galadanci, Tijjani and MuhammadJ of NAMP

Total Used Free % Used
ROM 4096 word | 2670 word | 1426 word | 65.2
RAM 256 bytes 140 bytes 116 bytes 54.7
Heap size 115 bytes 79 bytes 36 bytes 68.7
B. Software Development

The microcontroller required a program to desigd aarry out the processes related to the propossifyd Flow-code5
programming tool has been used to construct thgrano for the proposed design. In this software kigwaent, several
stages have been added as the stage of respatin@ forogram. It starts with initializing the LChet LCD has been used to
indicate the current operation in the system basethe programmes. The decision for the time ontamne off will be taken
care of by the processes or operation of the system

- ~
( BEGIN
. s

H_ (initialising LCD ]

Call Component Macro
K "LCDDisplay(0)
I\ start)

Delay

‘ < 100 ms i
) S

Call Macro

[ Call Macro N
A\ Title_n_details()
Call Macro
‘ ‘ K Call Macro
Call Macro
K Call Macro
A\ Off_time_settings()

\ On_time_setlings()
Call Macro

K Call Macro )
\ Main_time_settings()
Call Macro

K Call Macro s
\ Clock_n_controll()
-

END

Fig.3: The flow-chat operation of the proposed design

The system is initialised by determining threecdfetime inputted by the user or operator. The fiategory is the On-time
setting, the second category is the Off-time sgttind the last category is the main time settirige ontrol unit will then
make decision based on the description thus;thpdasmill be activated only when the main time isigglent to the On-time
and remain ON until the main time is equivalenthie Off-time.

C. Hardware Specification

In hardware specification, the components for theppsed system have been classified based on thporents group;
input, control and output; two type of the inputbdeen used in this system; the time setting ameepsupply.

The time setting is carried out by four buttonss thuttons are incrementalor plus, decrementaliousy SHIFT and OK.

The shift buttons is used to select either hounute or second while incremental and decremengabattons used to set the
corresponding hour, minute and second and OK id fegesaving the time into the microcontroller megnahile the power
supply is used to power on the overall system.
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LCD and lamp are the two outputs used in the prepaystem and connected to the microcontroller.flihetion of LCD is
to display the status of the system which includerhain time, activate and deactivate,while theplaare used as Prototype
Street light. The complete circuit diagram for flystem designed and the components involved issiow
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Fig. 4 Circuit Duagram of the propcsed des gn

D. System Working Principle

System working principle has been used to summéhizerinciple of operation of the proposed desiiyinen one terminal
of 220-240V is applied to a transformer of 12V aitging current (AC) which is converted to 12V direurrent by the
means of rectification and then the output isimgaliin to voltage regulator (LM7805CT) to produceoaitput D.C voltage of
5Vwhich is connected to power switch (S1)down tolgi of the microcontroller and VCC of the LCD despl the same
terminal is also connected to a relay to allow alsourrent flow circuit to control a higher curtesircuit.

When On-time, Off-time and the main time are sawedhe microcontroller, as soon as the microcoleraenses the On-
time or Off-time, the signal will be sent to thdaneto be activated or deactivated which will $&t tampsON or OFF.

This system also have an inbuilt battery of abduB¥, the purpose of this battery is to ensure thattime saved on the
microcontroller memory should not be interrupte@reif there is light failure for a short periodtohe. The battery can last
for about 3 hours even if the LCD display goes tif6 memory is still in active mode. This batteriyl wegain its energy
from the main sources either the power system isoDNFF, in as much as the system is connecteketonain source and
there is flow of current, then the battery will tiome charging.

The details of this circuit can be summarized #svio

1. Pin 1(VDD) of the PIC is connected to one & thrminals of the following componentsVCC of théh display,
power switch (S1), R1, R3, R4, R5, R6 each witft Hnd R7 of 10K.

Pin 18 (RAl)is connected to R2 is connectes$et bottom for resetting the circuit.

Pin 12 (Oscl CLKIN) is connected to the othetseof R1, R3, R4, R5, R6, R7, RW and GND of théLC

Pin 20 (VSS) is connected to the ground.

Pins16 (RCO0), 15 (RC1), 14 (RC2), 7 (RC3), €4R 5 (RC5), 9 (RC7), are connected to E, RS, D&, D5, and
D4 of the LCD respectively.

E. Detail Procedure For Simulation, Construction, An@lesting Using Flow-code5

Flow-code5 allows the creation of simple microcolr applications by dragging and dropping iconsto a flowchart as
shown in Figure.5to create simple programs. Theegrams can control external devices attachedhgéonticrocontroller
such as LED's, LCD displays, switches, etc.

Once the flowchart has been designed, its behaweaar be simulated in Flow-code before the flowchartompiled,
assembled and transferred to a chip. Testing thieisys functionality can be achieved by clickingsimulate iconand the
effects display on-screen.

To achieve this, using Flow-code5, the followingpst are performed:

arwN

1. Create a new flowchart, specifying the microcomérathat is to be usede.g. PIC16F690.

2. Drag and drop icons from the toolbar onto the flbart to program the application.

3. Add external (input and output) devices by clickiog the appropriate icon, edit their propertiesyhbey are
connected to the microcontroller and call macrasiwithe device.

4. Run the simulation to check that the applicationawes as expected.

5. Transfer the programme to the microcontroller bsnpding the flowchart to Hex Code.
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Fig. 5:Simulation of Automatic Time-base Street Light Control System

Construction

The system was constructed as described, and tbented in a plastic casing of dimension 11cm x 1kch5cm. The
components used are shown in Table 2.

Table 2: Component Used

S/IN | COMPONENT QUANTITY

1 4-Surface Connector 1

240V-to-12V Step Down Transformer 1

Full-wave Rectifying Diode 1

220uF Electrolytic Capacitors

PIC16F690 Microcontroller

2

3

4 2
5 7805 Voltage Regulator 1
6 100pF Mica Capacitors 3
7 1
8 2

On/Off Switches

9 Active-High Momentary Switches

10 10 KQ Resistors

12 SPST Relay Switch

5
6
11 BD 137 NPN Transistor 1
1
3

13 3.7V Dry Secondary Cells

The Connector, Transformer, Rectifying Diode Elelgttic Capacitors, Voltage Regulator, Mica CapasitoOn/Off
Switches and the Cells were used to make up theePbimit of the Hardware; Microcontroller, MomentaBitches,
Resistors and Transistor for the Control Unit ¢f thardware; While the Relay Switch serves as thigiimg Unit of the
Hardware.
The following are the steps taken while construgtime Circuit:

1. The components, along with Vero Board and Conngdtitires, were bought.

2. The components were then arranged in accordantetiét Circuit Diagram in Figure 7, after which trminals

were soldered correctly.

3. General cross-checking was performed on each coemp@nranged and corrections were made where ragess
Design Equation and Calculation
The following values were obtained from the equatielow;

Ve =12V
Vie=Voe X2 =1697V (€))
Regulator Voltage
Vin = Vae — Varop(diode) = 1627V (2)
The output voltage from the regulator (780%)},js = 5V.
Transformer
Transformer Ratiol|,) = —Lnaryvoltage (1) =222 =20:1
Secondaryvoltage 12

®3)
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LCD Filament
Rfilament = 800Q
RLimiting = 270Q
VdC = 5V
Using voltage divider;
Rfilamen
Vittament = ———L—H—— X Vg, = 3.74V(4)
Rleament+ RLimiting
Testing

The Automatic Time-based Street Light Control Systwas tested using different power sources;the nek;o
minutes and hours of its ON-time, OFF-time and Miime were adjusted several times; and the systamfimally
left to continue running on Battery, to see howgldhe Battery can back-up the time function of sggstem. The
Automatic Time-based Street Light Control Systemegall expected outcomes with no error.

3.0 Results and Discussion

Results

The following results were obtained during the dation and comparative of Energy utilization foffdient type of lamps.
(a) Simulation Result of Automatic time-base streetfigontrol system using Flow-code5

This system will be activated only when the maimetiis equivalent to the On-time and remain ON uh&l main time is
equivalent to the Off-time as shown in Figure 6-9.
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(b) Comparative Results of Energy utilization for diffet types of lamps are shown onTable 3.
Table 3. Energy utilization for three different types of lamp based on 12 hours and 24
hours of light.
Lamps Power tn W Energy for 12 hours in | Energy for 24 hours in
W-hous Whour
Neon 60 720 1440
100 1200 2300
200 2400 4800
Fluorescent 8 96 192
15 180 360
30 as0 720
Halogen 1000 12000 24000

Based on research, majority of street light areffoih 18:30 to 6:30, in other words street lights Amctioning completely
for 12 hours a day. Assuming 3 nodes are to beatg@using fluorescent bulb of 8W each, then therggnconsumed for
number of working hours per day is calculated below

Numbers of hours = 12 hours

Number of nodes = 3

Bulb in Watt = 8W

Energy consumNumber of nodes x Power x hours (5)

=288 W hour
If the system were to operate under the same gondiut for 24 hours, then the energy consumedbelb76W hour [13].
This shows that about half of the energy is utilize

Efficiency = (Power output/ Power input) x 100% (6)
Efficiency = (@)x 100% [14]
11 8 8
ici e — 0fy = —— 0 = 0
Efficiency 5704 % 0.042 5 100% 926 % 100% = 86.4%

WhereV;andl; are the input voltage and current respectivelysuesd from the meter.
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4.0 Discussion

Automatic time-base street light control systerdasigned, simulated and tested. This method isitd bp the device with
a PIC16F690 microcontroller which was programmeéhgisflow-code5programming languages for microcolidrs,
through the process of the research, it was fotatl cost of maintenance will be drastically reducethpare to manual
control that will be assigned by an individual dfiaes and also provides an effective measureate sabout half of the
energy consumption with 86.4% efficiency by preummnuunnecessary wastage of electricity, causedaugnual switching
or lighting of street-lights when it is not requdre

The time setting is carried out by four buttonss thuttons are increment or plus, decrement or sishift and ok.

The shift buttons is used to select either houmutei or second while increment and decrement aeel i3 set the
corresponding hour, minute * and second and okesl for saving the time into the microcontrollemmegy while the power
supply is used to power on the overall system.

LCD and lamp are the two outputs used in the pregpaystem and connected to the microcontroller.fihetion of LCD is
to display the status of the system which incldderhain time, activate and deactivate while thepkmare used as Prototype
Street light.

5.0 Conclusion

In this work, microcontroller time-base intelligelight control system was designed, simulated, @nmnted, and tested.
The result of the test shows that it works as desigthus automatically turn ON and OFF the lighset by the user. In this
system, cost of maintenance was drastically redacedit provides an effective measure to save abaliitof the energy
consumption with 86.4% efficiency by preventing ecessary wastage of electricity, caused due toitiglof street-lights
when it is not required.
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