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Abstract— In the present times, electric power has become a basic necessity in everybody’s life. The conservation of electric power has 
become a prime issue throughout the world. Due to urbanization, several buildings and malls are being constructed every year which 
increases the power requirements in the future. Hence, an efficient power conservation system is required as an additional support for the 
power conservation techniques which are being currently used. In this paper, a prototype of an efficient automated lighting system for 
power conservation based on Wireless Sensor Network (WSN) and Internet of Things (IoT) approach is implemented.  A Passive Infra Red 
(PIR) sensor is used to sense the human movement, whose output is fed to a Arduino processor to control the relay that operates the load 
(lights). Two ZigBee transceivers are used here for communication between the WSN and a Raspberry Pi based web server. The load 
connected to each sensor node can be controlled through the Raspberry Pi web server. The status of light on or off is displayed on the 
webpage. The prototype can be extended to shopping malls by increasing the number of sensor nodes in WSN model. 

Index Terms— Power conservation, Efficient lighting system, Wireless Sensor Network (WSN), Passive Infra Red (PIR) sensor, Raspberry 
Pi,  Arduino Uno, ZigBee communication 

——————————      —————————— 

1 INTRODUCTION                                                                     
HE shopping malls in the cities are the new generation 
windows to the country’s commercial activity. The big 
buildings, commercial complexes and malls require a lot 

of electric power due to continuous operation and their num-
ber may become larger in the future. Precautionary measures 
could be taken to reduce power wastage to some extent, but 
an efficient lighting system for power conservation is needed 
to limit the power consumption [1].  

This paper presents the implementation details of a proto-
type automated lighting system using Raspberry Pi based web 
server that enables the operation of lights in a building from a 
remote area through internet (Fig.1). This system makes use of 
Wireless Sensor Network (WSN) and IoT approach. Figure 2 
shows the architecture of the WSN. It consists of a number of 
nodes where each sensor node usually have the network com-
ponents of low computing power, memory and energy. Each 
sensor node has a wireless transceiver, a microcontroller and a 
source of energy. The task of a sensor node is the detection 
process and transmission of data. It can participate either as a 
sensing node or a sink node [2]. The WSN communicates with 
a Local Area Network (LAN) or Wide Area Network (WAN) 
through a gateway, in many applications.  

The Internet of Things (IoT) is an upcoming technology 
which is a network of physical objects that allows objects to be 
sensed and controlled remotely across existing network infra-
structure. By giving the on/off status on the webpage, the 
Raspberry Pi which acts as a gateway transmits to the sensor 
node through ZigBee transceivers. At the sensor node, the Ar-
duino Uno microcontroller operates the light according to the 
status through a relay. The nodes are equipped with a PIR 

sensor, which detects motion and automatically turns on the 
lights in that area. With a predefined time, we can switch them 
off, if no activity is detected [3]. The status of load (light on or 
off) along with time and date is also displayed so that the 
lighting incharge or a suitable person can check the status and 
control the lighting even when he is away. This lighting sys-
tem can save a lot of power. Various authors have proposed 
similar systems for security and energy management [4, 5]. 

2 HARDWARE IMPLEMENTATION 
2.1 Salient Features of Raspberry Pi Model B+ Board 
Raspberry Pi is a small sized single board computer. It is 
based on the Broadcom BCM2835 system on chip (SoC), and 
includes an ARM1176JZF-S 700 MHz processor, VideoCore IV 
graphics processing unit (GPU) and 512MB SDRAM memory 
[6]. There is no built-in hard disk drive, instead a micro SD 
card for booting and persistent storage. It has 40 GPIO pins 
with 26 pin out, four USB 2.0 ports, push-push micro SD ver-
sion card socket, a 10/100 Ethernet port and High-Definition 
Mutimedia Interface (HDMI) port, a digital replacement with 
analog standards. Although it has a Linux-based operating 
system, there is a flexibility to choose the programming lan-
guages and installation software. 

2.2  Salient Features of Arduino Microcontroller Board 
The Arduino board provides an open-source platform with 
simple hardware and software. The Arduino Uno Board con-
sists of a ATmega328P microcontroller [7]. The Atmel 8-bit 
AVR Reduced Instruction Set Computer (RISC) microcontrol-
ler includes 32 KB of flash memory, 1 KB EEPROM, 2 KB 
SRAM, 32 general purpose registers, 23 general purpose I/O 
lines, three timer/counters, interrupts, serial programmable 
USART, watch dog timer with internal oscillator and a 6 
channel 10-bit A/D converter. 
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Fig. 1   Block Diagram of a Prototype Power Efficient Automated Lighting System using a single WSN Node 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2   Architecture of a Wireless Sensor Network 

 
It connects to the computer via USB. Programs are written 
inside the Arduino integrated development environment 
(IDE) tool, compiled and are uploaded to the board. 

2.3 ZigBee Communication 
ZigBee specifications are built around the IEEE 802.15.4 wire-
less networking standards. ZigBee protocols are used in appli-
cations that require low power consumption and tolerable for 
low data rates. It operates in the range of 2.4 GHz with data 
rate of 250kbits/sec and a range of 10-100 meters. Routers can 
be used with ZigBee networks to allow more nodes to inter-
connect, thereby eliminating the usage of physical data buses 
like USB and Ethernet cables [8]. Two ZigBee transceivers are 
used in this prototype implementation for communication 
between the Raspberry web server and sensor nodes. The Pi 
acts both as a server and a gateway for wide area networks. 

2.4 Passive Infra Red Sensor 
PIR sensor is a sensitive pyroelectric device that detects mo-
tion by sensing infrared fluctuations from surrounding ob-
jects. Its elements are prepared using a crystalline material 
which generates a surface electric charge on exposure to heat 
in the form of infrared. The changes in the amount of infrared 

striking the crystal change the voltages generated, which are 
measured by an on-board amplifier. The PIR sensor is small in 
size, inexpensive, and easy to interface with. It can be used to 
sense the movement of human or vehicle within the sensor 
range. Its range is approximately up to 20 feet with tentative 
environmental changes [4]. 

2.5 Relay 
A relay is an electromechanical device which is actuated by an 
electrical current. It is an electrical switch which is switched 
on with the shift of electromagnet present in it. Even highly 
sophisticated devices which require high power can be con-
trolled by using relays which require small amount of power 
to switch on. Relays are relatively simple, highly reliable and 
long-lasting devices. 

3 SOFTWARE USED 
The various software that are used in the implementation of 
the automated lighting system are Python programming lan-
guage, Arduino IDE and the PuTTY software. 
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3.1 Python Language 
Python is an interpreted, interactive, object oriented pro-
gramming language. Its design focuses on code readability 
and a clearly defined syntax allows programmer to express in 
fewer lines of code than C++ or Java. It is portable and com-
patible with UNIX, Windows and Macintosh. The Python 
commands are used to design the webpage in order to operate 
the load through webpage and display status, date, time in-
formation [9, 10]. 

3.2 Arduino IDE 
A program written with the Arduino IDE is known as a 
sketch. The programming code, sketch written with the IDE is 
in C/ C++ for which source program is easily available. The 
sketch is compiled and linked with the GNU tool chain, in-
cluded with the IDE distribution program to convert executa-
ble code into a text file in hex. code which is loaded into the 
Arduino board. The code written using this software operates 

the load based on PIR sensor detection signals.  

3.3  PuTTY Software 
PuTTY is an open emulator, serial console and network file 
transfer application. It can also connect devices through 
a serial port. It is a maintain tool but does not process the 
commands typed into it [11]. PuTTY is used to operate and 
run the files in the Raspberry Pi placed away from the lighting 
system. 

3.4  Proteus Software 
Proteus can be used to draw the circuit for a microcontroller 
based system and then test it interactively. Meanwhile, ISIS is 
developed for circuit simulation to make the schematic cap-
ture of a microcontroller-based system. 

Figure 3 shows the flowchart showing sequence of events 
that take place in the operation of the prototype automated 
lighting system for power conservation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 3   Flowchart showing sequence of events in the operation of prototype automated lighting system 
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4 RESULTS AND DISCUSSION 
4.1 Schematic Diagram and Experimental Setup 
The schematic diagram of the power efficient automated light-
ing system is developed using Proteus. Only one WSN node is 
considered in the prototypre system for demonstration (Fig. 
4). The output of the PIR sensor is connected to digital pin 4 of 
the Arduino board, which senses the movement of the person. 
Pin 6 of the Arduino board is connected to the control pin of 
the relay. The relay is connected to the load (light) to turn it 
on/off. Transmit (Tx) and receive (Rx) pins of the Arduino are 
connected to the receive (Rx) and transmit (Tx) pins of the USB 

to serial converter, which is connected to ZigBee module. The 
status of the light is transmitted to Raspberry Pi using ZigBee 
modules. The Ethernet port of Raspberry Pi is connected to the 
router. 

Figure 5 shows the experimental setup of the power effi-
cient lighting system prototype, which consists of Raspberry 
Pi, router, two ZigBee transceivers, Arduino board, PIR sen-
sor, a relay, and the load (electric bulb). 

The PIR sensor output is fed to the Arduino, which then ac-
tivates the relay to turn on/off of the load. The status of the 
light is sent to Raspberry Pi through the ZigBee transceivers, 
which is uploaded on the webpage along with date and time. 
The load is enabled through the Raspberry Pi webpage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

 
 
 

Fig. 4   Schematic Diagram of the Prototype Power Efficient Automated Lighting Systemm 
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Fig. 5   Experimental Setup of the Prototype Power Efficient Automated Lighting System 
 

For each sensor node added in the WSN model of Fig. 2, 
additional hardware needed is the Arduino board, a ZigBee 
transceiver, PIR Sensor, relay and the corresponding load. 

Following snapshots depict login process and the outputs: 
1. The initialization of Raspberry Pi is done using Putty 

software by giving the IP address of the Pi (Fig. 6). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6   Initializing Raspberry Pi using PuTTY Software 
 

2. Login to Raspberry Pi contains login id as pi and pass-

word (Fig. 7). After logging in, redirect to the folder 
where files are stored in Raspberry Pi and open the 
files by using ls command in Linux. After finding the 
file, to execute it use nano command nano 
<file_name>. 

 
 
 
 
 
 

Fig. 7   Logging in to the Raspberry Pi 
 

3. On executing or running python file to enable the intel-
ligent lighting system, the data on webpage is re-
freshed automatically. The status of the system i.e., 
whether the system is permitted to turn on or off is 
displayed on the putty window as shown in Fig. 8 

 
 
 
 
 
 
 

 
Fig. 8   Snapshot showing running of the python file for permission to turn 

on or off the light 
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4. Simultaneously on running python file for uploading 
the status of light, the status permitted i.e., ‘LIGHT 
ON’ or ‘LIGHT OFF’ can be seen on the putty window 
as shown in the Fig. 9. 

 
 
 
 
 
 
 
Fig. 9   Snapshot showing running of the python file for uploading the sta-

tus of light on Web page 
 

5. Simultaneously on running python file for uploading 
the status of light, the status permitted i.e., ‘LIGHT 
ON’ or ‘The light is ON when status is ‘1’, and OFF 
when status is ‘0’ for controlling through web page. 
The HTML file is run to get web page through which 
the light can be controlled. After submitting the data 1 
or 0 on the web based device control window (Fig. 10), 
it is stored in a text file and is seen as output of PHP 
(Fig. 11).  

 
 
 
 
 
 
 
 
 
 

Fig. 10   Snapshot showing the data entered as ‘1’ in web based device 
control window 

 
 
 
 
 
 
 
 
 

Fig. 11   Snapshot of web page displaying light status as ‘1’ 
 
6. According to the data, the light will be turned ON or 

OFF and that information is uploaded on the web page 
along with data and time as shown in the Fig. 12. 

 
 
 
 
 
 
 
 
 

Fig. 12   Snapshot of web page showing uploaded status of light, date, 
and time 

5 CONCLUSIONS 
A prototype of an efficient automated lighting system for 
power conservation is implemented using wireless sensor 
network approach. The controlling of the system is done re-
motely through a Raspberry Pi based web server. A PIR sen-
sor used with the node senses the human movement to turn 
the light on or off. With this approach, there can be a good 
amount of power saving, hence the costs towards power con-
sumption will fall within affordable cost limits. 
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