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Abstract – The energy consumption of manually operated security lights is high, wasting money since the operator cannot be precise when turning on/off the system. Insufficient lighting in the environment at night encourages criminal activity and makes the environment unsafe for people. There is a need for a system that saves energy while ensuring safety by providing constant lighting in the environment at the required time. In this work, a microcontroller, a relay, and a DS1307 Serial Real Time Clock (RTC) were utilized to develop a system that allows a user to set the on/off time for the security lighting system. The power section comprises of a stepped- down and rectified mains backed up by a lithium-ion battery. The RTC, basically set to work on a 24-hour clock, was utilized to provide the user the opportunity to set a specific on/off time.  The PIC16F877A Microcontroller programmed using MikroC language serves as the heart of the design. It monitors the time status of the RTC in real time to determine when to energize the switching circuit to turn on or off the AC lamps. Three tests were performed to validate the system's functionality using different time intervals between real time, ON time and OFF time, and these yielded the desired and accurate results. The AC lamps connected were automatically turned on an off during the tests. An automatic control circuit switching was implemented which was extremely efficient, consumed minimal energy and has low maintenance cost.
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INTRODUCTION
Energy wastage is one of the concerns of in day-to-day life in the world of today. The energy consumption of security lights that are manually operated is really high. Poor lighting in residences, workplaces, walkways, or surrounding area encourages criminal activity and makes the environment unsafe for people. Security lighting illuminates objects or people and creates a psychological deterrent to criminal activity (Wilson et al. 2015). They are an essential part of any city because they improve night vision, provide security in the house and roads, and provide exposure to public areas but they consume a significant amount of electricity, hence, there is need to effectively control the system. This is the reason why automatic control of such a system is needed. The term "smart/automatic control" is meaningless without automation. The main goal of automation is to eliminate human intervention, one of which is to make daily life more comfortable.
Over the years, many automatic security light control system have been developed. There are lots of approaches made to provide a control system for security lights, some of which include using Complex Programmable Logic Device (CPLD) and automatic controller (Saad et al, 2013), embedded system (Yusuf et al., 2020) and energy saving based on intelligent security light control system (Popa & Cepisca, 2011). Hillebrand (2013) proposed a security light control system that allowed interaction between the mobile phone and the receiver placed in the house. The command actions of either ON/OFF can be done on phone. Any electronic or electrical device which includes lighting bulb, etc., can be controlled from far distance.
According to Santhi et al. (2019), another system uses AT89S52 microcontroller which was used to control the automatic switching of the security light. It consists of various technologies such as LCD, timer, digital clocks etc., and is based on a 3D printed circuit board (PCB) with an Arduino microcontroller. Also, a system that uses wireless sensor network framework was developed (Xudan et al, 2010). This system also utilises humidity sensor and to increase its efficiency, solar powered road light with automatic function was proposed by Kalaiarasan et al. (2013). Rajput et al, (2013) came up with a way to reduce the amount of power wastage in the security light. The system comprises of different sensors such as noise sensor, light sensor, etc., and GSM module which was utilized to receive and send data between the system and the operator.
The objective of this study is to construct a security lighting control system using RTC and capable of switching on and off security lights based on a preset time by the user. To enable automatic switching, an RTC module is integrated into the system. Some of the previous systems have their automation done using sensors (e.g. proximity sensor, light dependent resistor) but sensors get damaged easily, hence the use of Real Time Clock (RTC). An RTC has a timer produced by a crystal oscillator that provides the time of day and as well as the date (Alias et al, 2019). 
MATERIALS AND METHOD
The materials used for the design of Automatic Security Light Control system includes PIC16F877A microcontroller, DS1307 serial RTC, T73-S-106-C relay, 220VAC/9VAC stepdown transformer, 1000µF capacitor, 3VDC-28VDC boost strap, 3V CMOS battery, a voltage regulator, 20×4 LCD and a 3.7V lithium battery. Figure 1 depicts the pin out of the PIC16F877A microcontroller that was selected. 
The automatic security light control system was designed using an RTC. An RTC allows the operator to determine the time to ON/OFF the security light and a microcontroller to carry out a set of instructions. The system automatically powers the security light either to ON/OFF when it reaches the set time.
[image: ]
Fig. 1- PIC16F877A Microcontroller Pin layout (Ghayas, et al., 2016)
Design Method
The overall system was divided into various sections, as shown in the block diagram in Figure 2, with each section contributing significant value and distinct functions to the overall system. The sections are power input, RTC and microcontroller operation, and the output section. The power input section serves as the system's input. A step-down transformer and a rectification circuit are included. This section also includes a backup means for the microcontroller, allowing it to retain a set instruction for an extended period of time when there is power outage from the mains.
[image: ]
Fig. 2- System block diagram
The LM8050 voltage regulator was selected and the specifications are: 
current rating = 1A 
input voltage range = 7V – 35V 
output voltage range = 4.80 - 5.2V.  

From the data sheet of LM8050, the recommended smoothening capacitor is 1000µF but this was confirmed after selecting the transformer. A boost and buck converter that has a voltage rating of 3V – 28V was selected and this was used to power the microcontroller. The selected voltage regulator was used in charging the backup battery.
The step down transformer selection was done using the following calculations. The minimum input voltage of the regulator is 7V. After rectification, voltage drop usually occurs between the four diodes (usually 1.4V for DC and 1.21 for AC).
Using the expression,	
Vrms = Vregulator + Vdrop     (Mohammad, 2017) 	              (i)  
		Vrms = 7 + 1.4 = 8.4V
The result above was approximated to 9V, hence, a stepdown transformer of 220/9V was selected for the design.
The filter capacitor for the design was determined as follows:
Using the equation:
	(AbdRazak, et al., 2016)	       (ii)
[image: ]Where, C = capacitance of the capacitor
I = maximum output current 
f = period that it takes to charge or discharge the capacitor 
Vpp = Peak to peak voltage.
The stepdown transformer selected has a maximum current of 300mA.
To get the period T,	T = .
Where f = operating frequency (when oscillation increases, the operating frequency becomes double). Thus, 	
            f = 2 × 50 = 100Hz
Peak Voltage, Vp = Vrms × 		          (iv)
		Vp = 8.4 × 	 = 11.879V
Vpp = Peak voltage x 2 
V = 11.879 x 2
    = 23.76 V.
Therefore, 	 
With the transformer having a maximum current capacity of 300 mA,
		 
		 C = 0.00006313 
		 C = 63.13 µF.
1000µF capacitor was used and this matches with the recommended smoothening capacitor for LM8050.
RTC and Microcontroller Operation
The second section comprises of the instruction input channel to the system through an RTC and the microcontroller that carries out the instructions. The PIC16F877A Microcontroller programmed using MikroC language serves as the heart of the design. The control program follows the flowchart shown in Figure 3. The PIC monitors the time status of the RTC in real time to 












Fig. 3- Program flowchart for the microcontroller
determine when to energize the switching circuit to turn on or off the AC lamps. DS1307 Serial RTC shown in Figure 4 was used for setting the ON and OFF time. An oscillator helps the RTC to retain the time setting and the time is set with the help of three resistors which were set to pull-up.
[image: ]
Figure 4: RTC module
For the microcontroller to be able to sense if it is a pull up when the button is pressed, the typical recommended resistor value is 1kΩ -5kΩ but in cases of switches and resistive sensor applications, it is usually 1kΩ -10kΩ resistor.
From Ohm’s law, 
V = IR				(v)
	Vcc = Current through R × R
By limiting the current to 1mA when the button is pressed, R =  = 5k.
Therefore, a resistor of 5kΩ can be selected but the available resistor was 10kΩ and since it matches with the recommended value of resistor for pull up, it was chosen.
Output Section
The third section comprises of a transistor, relay, LED light and 20×4 LCD. The relay acts as a link between the controller and the Security Light. Its primary function is to provide isolation. Since the devices to be controlled are AC lamps and the output from the microcontroller is DC, a means to control a large voltage or current with a small electrical signal is needed. Therefore, a relay cannot be left out. The LCD displays the real time and the set time while inputting the command, it also shows the ON and OFF time.
Simulation method
Before implementation, the security light control system circuit was simulated. The simulation was designed with the help of Proteus ISP professional software to test the operation of the components, analyse their performance, and make any necessary changes before proceeding with construction. Figure 5 shows the schematic circuit of the security light control system. The diagram includes the various sections used for the implementation of the design.
[image: ]
Fig. 5- Schematic Circuit of the Security Light Control System
CONSTRUCTION
The design and construction of Automatic Security Light was achieved by understanding the existing designs based on research work and taking decision on the available materials to select from. Based on the block diagram in Fig. 2 and the schematic diagram in Fig. 4, each section of the design was properly followed in order to solder the selected materials effectively. The circuit was first implemented on the breadboard for workability before final soldering onto Veroboard. After soldering, it was finally installed in a casing as shown in Fig. 6.
[image: ]
Figure 6: Automatic security light control system setup
RESULTS AND DISCUSSION 
The system was left for days without power supply and it kept the real time whether there is power supply from the mains or not. Also, since there is a backup for the system (that is, the lithium battery), the system switched to its ON state before being powered up. With the power button turned OFF and the system connected to the mains, the system became ON which means the power circuit connected with the bridge rectifier and filter circuit was in good state.
Using RTC, an automatic security light control system was designed and tested. The ON time and the OFF time of the system was set to confirm if the system will perform its designed function. When the system reached the set ON time, the LED lamp which was connected to the output turned ON and when it reached the OFF time, it went off. The RTC was basically set to work in 24 hours clock settings. The first test was carried out with 10-minute interval between the real time and the second with 30 minutes difference. The result also ascertained that even if the system is used for a longer time, it will still give the expected results. The real time on the system was 13:00, then the ON time was set to 13:30 and OFF time 14:00; this implies that it was tested with 30 minutes interval. When the ON time was reached, the AC lamp automatically switched ON and switched OFF when the set OFF time was reached.
All the test gave the desired results. Table 1 represents the result after the test and Figure 6 shows the result as captured in pictures. 
Table 1- Results
	REAL TIME
	ON TIME
	OFF TIME
	COMMENT

	11:50
	12.00
	12.10
	The lamp switched ON when it was 12:00 and OFF when it was 12:00.

	13:00
	13:30
	14.00
	The output lamp was in its OFF state until the time reached the set ON time and automatically switched OFF when it reached the set OFF time.



CONCLUSION
An automatic security light control system capable of switching on and off automatically was constructed. It helps to significantly reduce the amount of electricity wasted by conventional security light systems. This system is a highly cost-effective, practical, and secure way to save energy. The system practically allows users to determine when the security light will be ON/OFF automatically.
To maintain the longevity of the automatic security light control system it should be cleaned on a monthly basis because dirt can impose harm on the system. Since the security light provides illumination and also exposes the presence of intruders, a PIR sensor can be incorporated into the system to further save energy. The problem of sudden darkness can also be addressed by incorporating an LDR to the system. The LDR will send signal to the microcontroller in cases of sudden darkness then turns on the security light.
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