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Abstract—The availability of stable, reliable, and low-cost electricity is one of the key indices for measuring the socioeconomic growth
of any nation globally. However, in a developing economy such as Nigeria, marred by insufficient electricity generation, load shedding,
and frequent power outage are common occurrences hindering some basic domestic functions, including lighting and charging, among
others, to be performed. Therefore, an alternative solution that can serve as a backup for the conventional electricity supply system
becomes imperative. This work developed a 12-V hybrid-powered rechargeable lighting system with intruder detection and USB ports
for mobile phone charging. The basic components used in the system development are Arduino Nano (ATMega328) microcontroller,
GSM (SIM900D) module, Passive Infra-Red (PIR) sensors, light bulbs, mini 12 V lead-acid battery, and 12 V, 20 W solar panel. Using
relevant design equations, circuit designs and data processing were implemented around the ATMega328 microcontroller. The
developed system was tested, and the output voltages of the lighting and charging units and the functionality of the intruder detection
unit were determined. The developed hybrid-powered rechargeable lighting system operated satisfactorily during testing. The lighting
and charging units were functional, giving 12 and 5 V output voltages, respectively. The intruder detection unit was active, producing
a buzzing sound and sending an SMS alert to the registered phone number on the detection of an intrusion. The developed system is
useful for domestic and other similar applications.
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Despite the abundant energy resources-coal, oil, gas, hydro,
I. INTRODUCTION and renewables which could be harnessed for electricity
production in Nigeria, the vast majority of the general
populace still suffers inadequate access to regular and reliable
electricity supply [7], [8], [9], [10], [11], [12], [13]. The
Nigerian electricity market has traditionally been a vertically
integrated and monopolistic market, where electricity
production is anchored by public monopoly suppliers subject
to government regulation of prices and investment [14], [15].
A series of challenges characterize this market, the most
obvious being the mismatch between electricity supply and
demand caused by insufficient generation, which has resulted
in massive loading shedding and power outages [16], [17].
The country currently has a 12,522 MW installed capacity of
grid electricity, but due to maintenance, gas, water, and
transmission constraints, an average of about 4,000 MW is
available [8], [18]. The government has taken various
measures to address the lingering crises causing a wide gap
between the installed and available capacity of grid electricity

Globally, illumination plays a crucial role in every man's
life, essentially for carrying out day-to-day activities [1], [2],
[3], [4]. Over the years, in most developing countries,
including Nigeria, research efforts have been geared towards
developing alternative lighting means due to insufficient
electricity supply [5], [6]. One of the outcomes of these efforts
is the rechargeable lighting system commonly referred to as a
rechargeable lamp or lantern. It is a widely used lighting
device in homes, schools, camps, hospitals, shops, markets,
and other places. A rechargeable lantern's battery can be fully
charged within a few hours and be put to use during the night-
long period or other important occasions requiring lighting,
depending on its capacity. Hence, this device can suitably
complement the status of electricity supply in a developing
country such as Nigeria, which is characteristically
insufficient, epileptic, and unreliable.
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but to no avail [19], [20], [21]. This has constrained the
country's growth and development [22], [23] and also
hindered some basic functions in homes and other places that
require constant electricity supply, such as lighting and
charging to be carried out. Therefore, the need to develop an
efficient system that can provide a constant electricity supply
for performing these activities and equally provide security of
properties in the form of burglar detection is essential.

According to the literature, various rechargeable lighting
systems have been designed and implemented for various
applications using different techniques. Faritha er al. [24]
developed and implemented a self-optimizable smart lighting
system for classroom applications. Rajani et al. [25] designed
a solar cell-based telescopic lamp. Ashok and Srikanth [26]
designed and implemented a smart solar Light Emitting Diode
(LED) light bulb with remote control. Olaitan and Aladenika
[27] designed and constructed a portable rechargeable lamp
with an automatic mechanical manual timer control switch.
Dawson et al. [28] developed a solar-rechargeable LED
lantern and cell phone charger.

However, in literature, other functions, such as burglar
detection, have not been incorporated into the rechargeable
lighting system. Thus, in this work, a 12 V hybrid-powered
rechargeable lighting system that incorporates multi—
Universal Serial Board (USB) charging ports and a burglar
alarm unit was developed for domestic application. The need
for integration of burglar alarm units was premised on the fact
that in recent times in Nigeria, there has been a high rising
demand for the protection of properties against theft or
unauthorized persons, bringing the use of burglar detection to
the fore. The burglar alarm detects intrusion into an area

where the lighting system is placed, thereby providing
protection against theft or property damage and personal
protection against intruders.

A rechargeable lighting system is a portable lighting device
or mounted light fixture that converts the electrical energy
from a battery into visible light. This lighting system can
serve as an alternative means of illumination in any location
when there is a power outage [18]. It is particularly useful in
remote or rural areas where there is a lack of electricity [19],
[31] [32]. It may be used for signaling, as torches, or as
outdoor light source [27]. A rechargeable lighting system is
typically available in varieties of shapes and sizes in the
market [33] and can either be AC mains powered, solar-
powered, or hybrid-powered, comprising both ac mains and
solar energy sources. Hybrid-powered rechargeable lantern is
an improvement over ac mains-powered or solar-powered
types. In the event of AC mains failure, the availability of
solar energy in the form of sunlight provides the electrical
energy to charge the lantern's battery. Also, during the cool
day, when the sunshine level drops considerably, the
availability of AC mains will provide the electrical energy to
charge the device battery for usage. Generally, a rechargeable
lighting system for domestic applications is lightweight, user-
friendly, safe, and convenient.

II. MATERIALS AND METHOD

A. System Overview

The basic building blocks of the 12 V hybrid-powered
rechargeable lighting system implemented in this work are
presented in Fig. 1.

Hybrid Power Supply Mobile Phone
Unit P Charging Unit
(AC mains and solar) (USB Ports)
Control - Lighting Unit
Intrusion and (12 V DC, 3 W Bulb)
Detection Processing
Unit - Unit
(PIR Sensor) (ATMega328 SMS Notification
. GSM Module
Microcontroller) |« (STM900D) P on User’s Mobile
Phone

Fig. 1 Block diagram of the hybrid rechargeable lighting system with intrusion detection and charging unit for mobile phone

The system's brain is an Arduino Nano ATMega328
microcontroller that acts as the control and processing unit. It is

hybrid-powered, utilizing both AC mains and solar as supply

sources. The microcontroller controls the lighting, intrusion
detection, and the GSM module. It powers the 3 W lighting bulb
by delivering the required 12 V DC for its operation. It utilizes

input from the Passive Infra-Red (PIR) sensor in the form of

intrusion detection from unauthorized persons to trigger the
GSM module (SIM900D), which sends an instant SMS
notification to a pre-programmed phone number whenever there
is an intrusion. The mobile phone charging unit, which
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comprises USB ports, is also driven by the hybrid power supply
unit.

B. Hybrid Power Supply Unit

The circuit diagram of the hybrid power supply unit
implemented is shown in Fig. 2. The main sections of the unit
are the solar and AC mains circuits. Solar energy is the primary
source of supply for the system. The solar panel employed was
rated 12 V, 20 W, and contains 36 cells wired in series to
produce about 18 V peak output. The solar panel's output is
supplied to the 12 V battery, which powers the overall circuit.
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Fig. 2 Hybrid power supply unit

To keep the output voltage from the solar panel at a steady
value in case of any fluctuation, a capacitor C; was placed
across the resistor R4 for damping. It also helps to eliminate
ripples from the output voltage, making it an ideal direct
current signal that can be used reliably to measure the supply
level. The value of C; was randomly chosen as 1 nF since the
voltage rating from the solar circuit is the same as that of the
entire circuit, which is 12 V.

The output voltage, V,, from the solar panel was determined
using a potential divider formula given by Eq. 1 [34]:

R3

V=V () 0

The resistance values of R; and R were chosen as 10 and
100 kQ, respectively. The maximum voltage that can be
obtained from the solar panel ranges between 17 to 20 V
depending on the sun's intensity. However, a 50 V operating
condition is envisaged in case of overvoltage. Hence,
substituting the values of V;, R;and R, as 50 V, 10 kQ and 100
kQrespectively in eq. 1, V, was determined as 4.5 V. Atnormal
working, V; assumes a value of 18 volts. Using V; as 18 V in eq.
1 gave V, as 1.63 V. The output of the solar monitor is fed into
an analog input of the Arduino Nano ATMega328
microcontroller. With these calculated output voltage values
under overvoltage and normal working conditions, the Arduino
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program was written such that voltage values between 0 and
1.65 V were calibrated as normal and values above 1.65 V up
to 4.5 V as abnormal. In this case, the resistor Ry of 100 kQ
value serves as protection against overvoltage surges.

The time, ¢, taken by the capacitor C, to charge was
calculated using Eq. 2 [34]:

t = R3C, (2)

With R; as 10 kQ and C; as 1 nF, ¢ was estimated as 1 ps.
The AC mains supply was used in this work as a secondary
means of charging the battery powering the overall system. The
conversion of the 220 V AC mains to 5 V DC suitable for the
operation of the microcontroller involves transformation from
220 V AC to 12 V AC using a step-down transformer, the
rectification of 12 V AC from the transformer using a bridge
rectifier, and voltage regulation to the required 5 V DC by the
LM7805 IC. Two capacitors, C4 and Cs of 1 nF each, were
connected across the input and output terminals of the LM 7805
IC to eliminate all transient components. These capacitor
values were specified in the datasheet of the IC.

The battery chosen for this work was a mini 12 V lead-acid
battery with an amperage rating of 12 Ah. The current required
to charge the battery from the solar panel was evaluated using
the expression of Eq. 3 [34]:



=2 3)

%4

Assuming a p value of 85% with P as 20 W and V'as 20 V,
current / from the solar panel required to charge the battery was
calculated as 1.416 A.

Using 7 against the amperage rating of the battery, it was
estimated that an average of 8.5 hours would be required to
charge the battery. The battery monitor circuit was a replica of
the solar monitor circuit, and the microcontroller was
programmed to monitor the voltage level of the battery. Once
the analog read of the microcontroller has risen to 1.63 V, it

sends a signal to the base of the transistor Q;, which serves as
a switch, and cuts it off from the solar charging circuit to
prevent overcharging.

C. Design of the Lighting Unit

The circuit diagram of the lighting unit is presented in Fig.
3. The lighting unit consists of Light Dependent Resistor (LDR)
and two 12 V, 3W DC bulbs. The power source for the lighting
circuit was tapped directly from the terminals of the 12 V lead-
acid battery. The LDR functions as a darkness sensor, sending
a signal to the Arduino processor upon sensing darkness.
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Fig. 3 Lighting circuit

The Arduino processor that has been pre-programmed turns
on the lamp's switch through the NPN transistor Q.. The bulbs
on the outside have a manual control that can turn them on or
off. The value of resistance R; placed in series with the base of
the transistor was calculated using Eq. 4 [34]:

Vin = Vg = lin Ry 4)

With V,,, I, and Vpe taken as 5 V, 0.5 mA, and 0.7 V,
respectively, R, was evaluated 8.6 kQ. However, a 10 kQ
resistor was chosen due to the real-time non-availability of 8.6
kQ resistor.

D. Design of the Intrusion Detection Unit

The schematic of the intrusion detection unit is presented in
Fig. 4. The PIR sensor is the major component of this unit.
Once a push-button pre-sets it, information on any movement
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detected within its area of coverage which ranges from 2 to 5
m, will be sent to the digital read of the microcontroller. The
sensor was powered by a 5 V output of the LM7805 IC. When
the Arduino Nano ATMega328 microcontroller receives the
signal from the PIR sensor, it initiates the GSM SIM900D
module into action, which sends an SMS stating "Intruder
Alert" to the pre-programmed mobile phone number. The value
of the pull-down resistor Rs which connects the PIR sensor to
the ground of the battery through the microcontroller, was
determined by Eq. 5:

Vin - Vog = IinRS (5)

Using Vip, Iin and V,gas 5V, 0.5 mA, and 0 V, respectively,
Rg was calculated as 10 kQ.
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E. Design of the USB Charging Unit

The USB connectors provided in the charging unit of the
rechargeable lighting system were also powered with 5 V

Fig. 4 Schematic of the intrusion detection unit

aND 1NO MdA

PIR Sensor

output from the LM7805 voltage regulator. The design of this
unit ensures that the power supply is always available at the
ports at all times to charge mobile phones. The schematic of

the charging unit is shown in Fig. 5.

5VDC Regulator

vin Ul vouy
7805
c5 SND c3 ca
1nF | 1uF 1nF

| famnee |

F. Overall System Design

The overall circuit diagram of the 12 V hybrid-powered
rechargeable lighting system with intrusion detection and

Fig. 5 USB charging unit

USB Connector

mobile phone charging units developed in this work is
presented in Fig. 6. The circuit integrates various sub-units,
including the hybrid power supply unit, the lighting unit, the
intrusion detection unit, and the USB charging unit.
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Fig. 6 Overall circuit diagram of the 12 V hybrid-powered rechargeable lighting system with intrusion detection and charging units

G. Testing of the Developed System

A performance test was carried out on the developed 12 V
hybrid-powered rechargeable lighting system. The tests
performed include the following:

1) Battery Charging Voltage Test: This test was carried out
on the system's two input sources (solar and ac mains). The
output voltage of the solar panel to charge the battery, which
drives the entire system, was measured using a multimeter and
compared with the 20.6 V required from the panel for
optimum charging of the battery. For the ac mains, the output
voltage from the voltage regulator was also measured using a
multimeter and compared with the required 12 V DC to
charge the battery.

2) Lighting Test: This test was performed to ensure the
lighting bulbs have the required voltage to power them.
Therefore, the terminal voltage supplied to the bulbs was
measured using a multimeter and compared with the 12 V DC
required to power the bulbs.

3) Intrusion Detection Test: This test was carried out on the
intrusion detection unit of the system when it was enabled and
disenabled. The PIR sensor detects motion from over a meter
corresponding to the sensitivity level pre-set. Once the sensor
senses a movement, a buzzing sound that indicates the buzzer
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would produce intrusion, and an SMS would be sent to a pre-
programmed phone number on the system.

4) Mobile Phone Charging Voltage Test: This test was
done with a multimeter to measure the required voltage and
current reaching the USB ports to charge the mobile phone.

III. RESULTS AND DISCUSSION

A. The Developed System

Figs. 7 and 8 show the fully packaged hybrid-powered
rechargeable lighting system and its internal circuitry.

Lighting bulb

Solar panel

PIR sensor

Fig. 7 The developed hybrid-powered rechargeable lighting system



12 V batterv connector

Buck converter for the
USB connector

Microcontroller
SMS module

Buck converter for the
PIR sensor circuit

Fig. 8 Internal circuitry of the control unit of the developed system

Fig. 7 shows different external features of the system,
including the lighting bulbs, solar panel, PIR sensors, USB
ports, among others. Fig. 8 shows component connections on
the printed circuit board and the cable connections.

B. Performance Test Results

The results of tests conducted on the developed system are
presented in Figs. 9 to 11, respectively. Fig. 9 showed that a
voltage of 20.6 V was obtained from the solar panel charging
the battery powering the system.
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Fig. 9 Measured output voltage from solar panel

The main source was used as a backup for the system in
case of cool weather or at night when the solar panel is
inactive. Also, the solar panel supplied a voltage of 12 V
through the charging unit to the battery when the solar panel
plug was pulled out. More so, as observed in Figure 10, the
lighting bulbs gave a bright illumination during the testing of
the system. The terminal voltage supplied to the bulbs was
measured as 11.88 V, sufficient to power them. Fig. 11, on the
other hand, indicates the charging of a mobile phone
connected to the USB port of the system.

Fig. 10 Illuminated lighting bulbs with the developed system under operation

Fig. 11 Charging mobile phone

The charging voltage and current for the phone at the USB
ports were measured as 5 V and 2 A, respectively. Equally,
the pre-configured mobile phone number received a series of
SMS notifications from the system each time an intrusion was
detected during testing. Hence, the overall test results
revealed that the developed hybrid-powered rechargeable
lighting system operated satisfactorily and is suitable for
domestic use and other related applications.

IV. CONCLUSION

Today in a developing nation like Nigeria, where power
outages and insecurity are prevalent, the availability of an
embedded system that can efficiently assist the citizens in
performing some basic domestic functions such as lighting,
charging, and home monitoring is still a major challenge. This
work developed a 12 V hybrid-powered rechargeable lighting
system with intruder detection and USB ports for mobile
phone charging.

The developed system is simple, robust, and economical
for domestic and other related applications. It is useful for
lighting up a room during blackouts. It can charge mobile
phones for continuous use and serve as a primary security
alert when an unauthorized entry into an apartment is detected.
To ensure that the system operates correctly all round the
clock, it is recommended that it is armed when the user is
leaving the house and disarmed on returning to prevent
unnecessary SMS alerts. The master switch of the system
should also be turned off if it is not in use to prevent constant
draining of the battery and eventual damage.

NOMENCLATURE

f solar panel input voltage \'%
Ri, Rz, R3, Ry potential divider circuit resistances Q
T time s
1 solar panel current A,
P solar panel power rating W
V battery charging voltage \'%
Vi»  arduino analog input voltage \'%
Lin arduino analog input current A
Ve  base-emitter voltage \Y
V,e  ground potential \%
Greek letter
p solar panel charging efficiency
Subscripts

I, in input
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