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Abstract: Vehicles are becoming an essential product in everyone’s life. Keeping a vehicle in a safe place will improve the life of
its engine and other electrical systems. Hence, parking place occupies a major portion while constructing a house, apartment and
shopping malls. The lighting system in such places are utilizing more energy and it leads to unnecessary expense on electricity
bills. The proposed microcontroller based energy saving system is developed to minimize the utilization of light energy in parking
spaces in an efficient manner. The results of the proposed system is compared with the general operation for identifying its

efficiency. The proposed method saves the energy up to 46.35% than the existing lighting system.
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1. Introduction

Light is one of the basic source given by the nature to all living things for leading their life. After the
invention of electric lamps and bulbs, the life of humans have changed a lot. Natural light does not cost
anything, but electric lights are characterized by significant expenses. It requires electricity whose
generation requires a lot of process, during production and transmission. Due to high cost needed for
production of electricity and to compensate the transmission loss of electricity, the utilization of electricity,
costs e a huge percentage in the share of revenue, made by a shopping mall and complex. Saving light
energy in the parking space itself, saves a lot of amount in the electricity bill.
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The following list shows the existing available methods in saving light energy.

e Switching off the lighting system when it is not needed.
e By replacing the lamps with lesser power.

e Minimizing the lighting lumens.

o Partially switching of certain lamps.

o Partially minimizing the lighting lumens.

All these existing methods are in need of manual support and verification. Even if we automate such
methods using a microcontroller, these existing methods will have certain limitations. These methods are
not suitable of each and every places. The comfort level of the utilizer will also become a questionable one,
when implementing such methods. Also, these methods may give a way for happening of crime instances
in such parking places. In order to avoid such drawbacks, Compact Fluorescent Lamp (CFL) and Light
Emitting Diodes (LED) were introduced to reduce the power consumption by up to 75%. Table 1 explicates
the required lamp power in watts for same lumens in comparison with the various types of lamps.

Light Output | Incandescent CFL LED
Lumens Power in watts
450 40 8 4
500 60 13 6
1200 75 18 9
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1700 100 25 18

2700 150 30 25

Table 1. Comparison of lamps power with lumens.

An efficient energy saving system with combination of LED and CFL lamp reduces the power
consumption from 75% to 90% in real time operations. An intelligent system based on wireless sensor
network for saving the light energy on road side lights [1] was developed to save the energy consumption.
The light energy is saved here, by fixing the nodes evenly in certain distances. These nodes consists of
vehicle movement detection sensor for identifying the vehicle movement, wireless transmission protocol
for sending the information and a lighting control hardware for switching ON and OFF the lamps. These
nodes were also used for finding out the traffic conditions, and weather conditions. An intermediate node
[2] between the transmission and receiver node for carrying the valuable information measured by the
sensors efficiently is proposed in the literature. An energy saving street light control system [3] was
proposed, to minimize the energy consumption. The system is managed with outputs received from
temperature and daylight sensors, installed near to each lamp units. The interface module connected
between the sensor unit and power unit controls the lighting system, with respect to the change in
atmosphere. An 10T based greenhouse environment system [4], was designed for sensing the needs of the
plants with respect to the changes in climate conditions. The sensor data are transmitted through a wi-fi
module by reducing transmission cost.

An energy-saving system [5] in highway tunnel lighting process system consists of multiple sensors
for reading the vehicle detection and vehicle speed along with the required lighting demand on particular
place, to illuminate the lamps. The lighting demand is calculated with respect to available environmental
luminance, which was captured by an image taken from road surveillance camera. An incremental
proportional integral derivative scheme is implemented in this unit for matching the need of tunnel lighting
system. An efficient routing protocol [6] was insisted to avoid node transmission loss between vehicle
networks on their move. Energy-saving control method [7] for building, by considering the user satisfaction,
identifies the presence of number of users in aroom and their activity to modify the light power requirement.
The designed system is verified in a real time operation and it reduced the supply utilization maximum to
43%. An optimized hybridization technique [8] was framed for transmitting the data sensed by the sensor
to faraway destination, to reduce transmission energy consumption. The framed algorithm is designed to
forward the carried information in heavy traffic nodes.
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A smart building lighting control system [9] was structured by identifying the position of users in
a building. To identify the user’s position, the systems have multiple wi-fi modem on the building. The
identified location is transmitted to the server, and by reading information of occupancy, the application
installed for controlling the brightness will change the power requirement to the lamp control unit. A green
cloud computing technique [10] was introduced to save energy consumption in data transmission through
wired lines. The impact of environment impact in transmission is reduced in this cloud transmission system.
A light dimming energy saving system [11] was framed in a building by identifying the user’s occupancy
count. To count out the number of occupancy in a room, the framed system proposes a self-error correlation
occupancy counting algorithm. From the counted number of occupancy, the value is transmitted to the cyber
physical system which was already placed in that building for safety purpose. Then, the adaptive dimmable
lighting energy management scheme controls the lumens requirement in a building. A secure and smart loT
artificial intelligence system [12] was introduced to monitor the hospital environment safely, without losing
the collected information during remote transmission.

An advanced lighting system [13] was arranged in public areas to save energy with user satisfaction.
The system presents a study in terms of measuring the poles height and distance, along with kind of lamps
fixed. The system also carries a survey, for identifying the user preference, in terms of amount of light to
be illuminated in such public areas, while they are walking and driving. With respect to the data collected
through monitoring and surveying the system, they framed the proposed system with the required lumens,
to illuminate in-the public area. For identifying the people’s movement, the system is fixed with Passive
Infra-Red (PIR) sensor. The user satisfaction is achieved to 81% in the test area and the energy consumption
is reduced up to 70%. A cloud based IoT system [14] for energy saving process in home devices is also
presented in the literature. All the devices connected through the cloud systems are controlled by the
processor with the respective algorithm designed for saving the energy. Literature also presents a lighting
system [15] for a work place in a combination of natural light and artificial light source. A Fresnel lens
solar tracker is fixed for identifying the natural light source position and amount of light received from it.
The feedback from the solar tracker is forwarded to the sensor feedback system to illuminate the artificial
lighting source system to the workplace. The performance of the sensor node transmission can be improved
by a secured self-organizing algorithm [16] to avoid the black hole and wormhole attack.

A highway lighting system [17] was proposed as control unit for providing a cost effective lighting
system, by maintaining the driving comfort. The system is implemented with 10T based transmission, for
detecting the traffic information of the highway and providing enough light source to the roads. For
improving the performance of such IoT based systems, data mining algorithms [18] can be added. A hybrid
lighting system [19] in combination of natural light with LED lights, to provide enough light source while
driving in a tunnel, has been proposed in the literature. Tunnel roads always have slightly better natural
light on its entry and exit point. So, it is carried out into account in this work, for calculating remaining
amount of light requirement in the entry and exist point, during needy times. An enhanced edge model [20]
is an efficient technology for transmitting big data for 10T based applications. An energy efficient lighting
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system [21] was arranged for street roads through a wi-fi module. The wi-fi module reads the status of the
connected IR sensor for vehicle movement detection and LDR sensor for natural light status. With respect
to the values received from the sensors, the programmed mobile app will send the signal to switch
ON/OFF/dimming the LED lamps over the streets. The wireless transmission through wi-fi module between
the sensor and the processor system can be affected by the third party nodes, for hacking the transmission
data. This can be happen in any wireless transmission, especially, in the public nodes transmission in the
public areas. Hence, attack-resilient malicious node detection scheme [22] can be added for security reason.

2. Proposed Method

The proposed energy saving system is an independent control system, developed for reducing the
energy consumption in large parking places like shopping malls, apartments, and certain other
public and private parking spots. The motive of the proposed scheme is provide Enough light source,
while driving a vehicle for parking and walking OUT/IN through the vehicle. The system is also developed
with a change of mode in the lighting system to give surveillance to the parking area. The change of mode
is connected as a manual operation system to achieve a physical verification of the whole system, during
its operation. Figure 1 shows the blocks involved in designing the proposed automatic energy saving
system.

Microcontroller

arrays

LED light arrays

Mode
Converter

Figure 1. Block diagram of the proposed energy saving system

The proposed system consists of a microcontroller which acts like a brain in the energy saving system. The
microcontroller is connected with a group of sensors, to read the real time status of parking spot. Similarly,
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the LED lights are connected to the microcontroller through a relay control unit, for ON/OFF and dimming
operation. To convert the mode of operation of the proposed energy saving system, a digital switch is
connected to the microcontroller, which can be operated manually. Each car block in the parking area is
connected with two different wattage lamps and a PIR (Passive InfraRed) sensor. Lamp 1 is a lamp with
sufficient lumens to illuminate the parking area and lamp 2 with lesser wattage to just look up the area for
safety purpose. Both the lamp 1 and lamp 2 is connected with the relay control for its independent operation.
The relay control part unit of each block is connected with the microcontroller. With respect to the number
of input output pins for connecting the sensors and relay units, the number of microcontroller needed for
the parking area can be changed. A simple microcontroller with 14 digital input and output pin can be used
for 4 parking spots. All these four parking spots can have a single mode switch for its operation. The mode
switches can be reduced to one number, for ‘n’ number of microcontrollers, just by connecting all those
switches in a parallel connection manner.

MODE 1 Operation:

In the mode 1 operation, the connected system will always illuminate the parking spot with lesser
light lumens with lamp 2 just for a person to identify the availability of the parking area visually. This mode
is needed during the working time or movement time in the parking spot. After parking the vehicle, the PIR
sensor will detect the human movement around the car, when they are coming out of the vehicle, and, it
sends the digital signal to the microcontroller to switch on the sufficient lumens lamp 1. The operation of
lamp 2 will be cut off at this point, to save the energy. After a human moves away from the parking spot,
the PIR sensor sends the signal back to the microcontroller, to switch-off the lamp 1 and switch ‘ON’ the
lamp 2 for saving the energy. The lamp 1 illumination will be helpful, when getting in and out of the vehicle.
The operation process is given in figure 2 for easy understanding.

. f— —
 Lamp Mode 1
- || bl
v
% —
-
{ Lamp2 H gl [Mode2
s i

Figure 2. Operation process of the proposed energy saving system
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MODE 2 Operation:

The mode 2 operation is a super power saving mode, where both lamp 1 and lamp 2 will be in
‘OFF’ mode, for saving the power. The lamp 1 will be illuminated when there is a human movement in the
parking area. This mode can be availed under mid-night operation in the parking area. As the system
switches ‘ON’ the lamp 1 with good lumens to power up the parking spot, it will avoid the criminal things
to happen near the parking spot. The figure 3 explores the working operation of the proposed system with
the help of a flowchart.

Sensor ON s Sensor ON
B ead Sensor Read Sensor ON Lamp 1 & OFF
Oh Liop S e

Sensor OFF J Sensor OFF

OFF Lamp 1 & OFF |
Lamp 2 |

Figure 3. Flow chart of the proposed light energy saving system.

3. Results and Discussion:

Table 2 explores the amount of energy consumed in a parking area of 10 vehicles, by 5 to 5 opposite to
each other as shown in figure 3, during general operation condition. Similarly, table 3 exhibits the energy
consumed by the proposed energy saving system for state 1 operation and table 4 is calculated for state 2
operation. The state 1 and state 2 operation is calculated by assuming the lamp 1 and lamp 2 ‘ON’ state
condition. In all the measurements, mode 1 operation is carried out from 6pm to 12am and mode 2 operation
is taken in to account from 12am to 6am. The general operation is calculated for the same timings. The
LED lamps are used for reading purpose and the wattage of lamp 1 and lamp 2 is 9watts and 4watts
respectively.

General Operation
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Time of Operation 6pm — 12am 12am — 6am
Lamps 10 4
Power 9w Ow
Total Power Q0w 36 W
Power Consumed 540 W 216 W
Total Power Consumed 756 Watts/day

Table 2. Energy consumed in general operation

State 1 Operation

Proposed Method Operation

Proposed Mode 1
Operation with Lamp 1
'ON' state
(Lamp 1 'ON' state is
assumed as 10minutes
working in 30minutes
operation)

Proposed Mode 1 Operation
with Lamp 2 'ON' state
(Lamp 2 'ON' state is
assumed as 20minutes
working in 30minutes
operation)

Proposed Mode 2
Operation with Lamp 1
'ON' state
(Lamp 1 'ON' state is
assumed as Sminutes
working in 30minutes
operation)

Time/Mode of

6pm — 12 am/Mode 1

Operation 6pm — 12 am/Mode 1 12am — 6am/Mode 2
Lamps 10 10 10
Power ALY 4W oW
Total Power OW 40W Q0w
Power Consumed 180 W 160 W
i 90w
s oo swow
Tg éilsllj%vggr 430 Watts/day
Table 3. Energy consumed in the proposed energy saving operation at state 1.

State 2 Operation

Proposed Method Operation

Proposed Mode 1
Operation with Lamp 1
'ON' state
(Lamp 1 'ON' state is
assumed as Sminutes
working in 30minutes
operation)

Proposed Mode 1 Operation
with Lamp 2 'ON' state
(Lamp 2 'ON' state is
assumed as 25minutes
working in 30minutes
operation)

Proposed Mode 2
Operation with Lamp 1
'ON' state
(Lamp 1 'ON' state is
assumed as Sminutes
working in 30minutes
operation)

Time/Mode of
Operation

6pm — 12 am/Mode 1

6pm — 12 am/Mode 1

12am — 6am/Mode 2
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Lamps 10 10 10
Power A 4\W 9W
Total Power 0 W 40 W 0 WwW
Power Consumed M0OW 200 W
Power Consumed in 290 W 90w
mode operation
Total Power
Consumed 380 Watts/day

Table 4. Energy consumed in the proposed energy saving operation at state 2.

Figure 4 specifies the graphical comparison on the performance of the proposed energy saving system
during mode 1, mode 2 operation with the general operation system. The state 1 and state 2 operations of
the proposed system is showing better performance than the general operation. Figure 5 indicates the
difference on consumed energy between the state 1 and state 2 operation of the proposed energy saving
system. It shows a change in performance between state 1 and state 2 operation. The ‘ON’ condition time
of lamp 1 is reduced in state 2, so that, the performance of state 2 is gradually improved. Figure 6 directs
the day-wise performance comparison of the proposed system with general operation. The performance of
the state 1 and state 2 operation is better than the general operation system and the energy consumption of
the proposed system in state 1 is saved to 43.13% and state 2 operation is saved to 49.74%. So, the proposed

system saves energy in an average range of 46.43%.

|iu .

600
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400

300

200

Power Consumed (Watts)

100

H Power Consumed General

6pm —12am

12am —6am

H Power consumed state 1 B Power consumed state 2

Figure 4: Performance comparison of the proposed system mode 1, mode 2 with general operation.
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Figure 5: Performance comparison of the proposed system state 1 and state 2 operation.

Total energy consumed/day in Watts

756

= Genral operation = Proposed stae 1 operation = Proposed stae 2 operation

Figure 6: Performance comparison of the proposed system with general operation per day.

4. Conclusion

The proposed automatic energy saving system is analyzed for the recent LED lamps. The LED lamps are
80% to 90% efficient than the existing incandescent lamps and the proposed system makes it more efficient
than the incandescent lamp system. The energy consumption of the present LED lighting system is
improved with the proposed energy saving system up to 46.43%. The proposed method is designed to avoid
criminal offense with cost efficiency in the public car parking area. The efficiency of the proposed system
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can be improved by implementing a wireless sensor for measuring the atmospheric light remotely, to
monitor and illuminate the enough lumens in the parking area.
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