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Abstract
Increasing population places increasing demands on energy supply, which leads to heavy power deficiency. We can supply only a
limited amount of energy to the consumers because we have only limited conventional sources of energy and non-conventional
energy sources are mostly still under research and have not been deployed on a large scale. Not only there is limited amount of
energy to be supplied to the consumers but heavy demand of energy supply also leads to environment degradation. This creates a
need to use the limited energy efficiently. This has given rise to new trend towards reducing the energy consumption: Green
Buildings. About 40% of the energy consumption in the world is consumed by buildings [1]. Energy consumed by lighting systems
accounts for about 15% of total energy consumption of buildings [1]. Thus we need to use energy efficient lighting devices for
illuminating buildings. Thus in this study we to tend to develop optimized energy efficient system, which will use LED lights to
illuminate buildings. The illumination intensity of the LED lights will be decided by the FPGA, which is interfaced to the LED
driver. Based on combined values of light intensity of the room and occupancy of the room using different sensors, the light output
of the LED will be controlled.
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--------------------------------------------------------------------***---------------------------------------------------------------------I. INTRODUCTION
Deficiency of power is becoming a serious worldwide issue.
Available energy sources must be used efficiently;
unnecessary wastage of power be brought down. Inefficient
lighting systems of buildings account for large fraction of
the electricity consumption in the world. About 40% of the
energy consumption in the world is consumed by buildings.
Energy consumed by lighting systems accounts for about
15% of total energy consumption of buildings [1]. Buildings
account for 8% of the total country’s utilization in terms of
power and grow steadily at 11 to 12% per annum. This rate
of growth of energy demand among buildings is much
higher than the 6% growth that the electricity sector sees
overall [2]. The reason behind such wastage of energy in
buildings is that most of buildings today are over-lit because
conventional lighting systems have only two levels of
brightness; either the lights are operated at full power when
turned on or zero power when turned off. Lights are on even
in the presence of daylight and when spaces are unoccupied,
also sometimes we forget to turn off the lights. Lack of
dimmable lighting systems not only wastes energy but also
creates discomfort to the dwellers which results in reduced
productivity.
Energy produced by depleting natural resources as well as
causing CO2 emissions is critical environmental impacts.
Volatile energy markets, rising energy costs and increasing
environmental awareness about issues such as global
warming make energy efficiency and conservation a high
priority [3]. Buildings and the infrastructure available to the
people should be made green in the sense that they use
resources more efficiently and at the same time are

environmental friendly. A green building is an
environmentally sustainable building, designed, constructed
and operated to minimize the total environmental impacts
[3].
Because of uncontrolled wastage of energy by the existing
inefficient illumination systems of buildings there is urgent
need of energy efficient lighting device as well as adaptable
illumination system. Over the years LED (Light Emitting
Diode) lights have emerged as a green lighting source. LED
lights basically use a number of LEDs connected either in
series or in parallel. LED average life expectancy of 10
million hours, security and reliability strong, non-glare, nonmercury, sodium and other elements of potential health
hazards of the material is conducive to environmental
protection, known as the ”Green Lighting source” [4].
Distinguishing features of LED lights such as energy
efficiency, environmental friendly, longer operational life,
smaller size, have made it the first choice as an illumination
source to the lighting system designers.
LED lights are different from other light sources w.r.t three
parameters which are source of light, directionality, heat. An
electrical current passes through semiconductor material,
which illuminates the tiny light sources we call LEDs. The
heat produced is absorbed into a heat sink [6]. LED lights
emit in a specific direction. According to repeatable
experiments, LED can save at least 80% of electricity than
incandescent lamps, and at least 50% of electricity than
fluorescent lamps for same level of illumination. Moreover,
a LED lamps working life is 20 times longer than an
incandescent lamp, and twice as longer as fluorescent lamp
[5].
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In this paper, we proposed a dimmable LED lighting system
for buildings which adapts to the ambient light creating an
optimised energy efficient lighting system. The dimming of
light is done by a control unit based on decision made by
processing the sensor data in real-time. Brightness of the
LED lights is adjusted depending on the ambient light
intensity and occupancy of the space.

II. RELATED WORK
In [4] an intelligent dimming control system based on LED
lamps is presented. The system has two working modes;
manual and automatic mode. A STC-MCU (Micro
Controller Unit) is used to process the information and
generate PWM control signals to set the LED lamps into
predefined brightness levels. In [5] proposed an intelligent
control system for LED nightlight by PWM (Pulse Width
Modulation) dimming to change the light intensity real-time
using a microcontroller. Moonlight simulation helps to give
sound sleep. In [7] an ARM 7 based embedded system
design with a day light and a PIR (Pyroelectric Infrared)
sensor is developed to control the light intensity in a
household environment. In [8] a wireless network enabled
LED dimming system with an android remote control is
proposed in which microcontroller generates the PWM
dimming signal to adjust the brightness of the LEDs. In [9]
an STC-MCU is used to process the motion sensor
information and generate PWM signals to adjust the
brightness of the white LED and yellow LED respectively.
In [10] presented a wireless embedded control which can
either switch on/off the lights or reduce the light intensity of
LED light for indoor as well as outdoor lighting, reducing
the power consumption drastically. ATMEGA32, 8-bit
microcontroller is used to generate PWM waves to control
the light intensity of the LED light. In [11] proposes a low
cost, wireless, optimized smart LED lighting system which
automatically adjust the light intensity which reduces energy
consumption while maintaining user satisfaction. MSP430
family of ultra low power microcontrollers are used in the
control units.
As we can see that all of the work done in the field of
designing energy efficient lighting system till date has used
microcontrollers to generate control signal to the adjust the
brightness of the LED lights using different light and motion
detection sensors data in real-time. No one has used a
reconfigurable control unit yet. Use of microcontrollers
creates a software solution which has lower speed of
operation and also the performance is low, not much energy
efficient.
In contrast to the use of microcontrollers, in this paper we
have proposed an optimized energy efficient lighting control
system using FPGA (Field Programmable Gate Array) as
the main control unit which does the sensor data processing
and generation of brightness levels to adjust the brightness
of the LED lights as per the ambient light. We are all
familiar with low cost low power consumption features of
FPGA. At the same it is parallel in processing and gives
high performance. Thus use of an FPGA in system creates a
complete hardware module.

III.
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SYSTEM DESIGN

A. Sensor unit
The basic principle of operation of the system lies in data
collection and processing. The system mainly consists of
three parts: the sensor unit, control unit and the LED lights
and necessary circuirtry.
1) Motion detector: Here a Pyroelectric infrared (PIR)
sensor detects the presence of a person inside a room.
The basic principle of operation of PIR motion is that it
detects the infrared rays emitted from human or animals
and its output is an electrical signal.
2) Light sensor: Detects the light intensity of the room for
indoor lighting.
3) Analogue-to-digital converter: FPGA pins require
digital signals and sensors produce analog signals. Thus
for compatibility, ADC is used to the necessary signal
conversion between FPGA and sensors. ADC with I2C
compatible serial interface is chosen for the system
which is I2C slave.
B. Control unit
In this proposed system a field programmable array (FPGA)
works as the control unit. Peripherals are interfaced to the
control unit through an I2C serial bus. I2C protocol is
chosen for communication because it is very easy to
implement, it uses only two wires serial data (SDA) and
serial clock (SCL). I2C bus master is implemented on the
FPGA itself. Control unit takes the digital value of the
sensor data from the ADC and generates binary value
according to the algorithm of dimming the LEDs lights.
Algorithm is implemented as a finite state machine on the
FPGA.
C. LED circuitry
It consists of LED lights and LED driver circuit. LED driver
is interfaced to the control unit as I2C bus slave. LED driver
takes binary values from the control unit to set the
brightness level of the LED light. It converts the binary
values to respective PWM signal for adjusting the light
intensity of the LED lights.
D. Proposed System
Fig.1 shows the block schematic of the proposed optimized
energy efficient lighting system for green buildings. LED
lights will be turned on only if motion of user is detected
inside the room. If motion is detected then light sensor will
detect the light intensity of the room. And depending on the
light intensity detected respective brightness level will be
generated in binary which will be sent to the LED driver
which in turn will do the processing and send PWM signals
to the LED lights. The LED lights will glow at the set
brightness level. This process of motion detection, sensing
of ambient light and auto adjusting of LED light brightness
works in a continuous loop giving an energy efficient,
comfortable working environment to the user.
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requirements, provides larger number of input/output ports.
Application area includes: apartments, Office buildings of
the corridor lights, bathroom lighting, hotel lobby, malls. In
these above mentioned places the proposed system can
achieve very good lighting, energy saving, environmental
protection effect. As due to no provision for dimming of
lights in these places a lot of energy is wasted.

V. FUTURE SCOPE

Fig.1. Block schematic of the proposed optimized energy
efficient lighting system for green buildings.
E. Flow chart
A generalized flow chart for intelligent auto-dimming of
LED lights is shown in Fig.2. According the requirement of
user different threshold levels could be set for light intensity
depending on the time of the day and respective binary
value for adjusting brightness of LED could be set. Proper
delays would be set to prevent flickering of light.

The devices connected to the FPGA can use either a wired
connection or a wireless one. In this proposed system wired
solutions were used, however, the interface can be easily
replaced by a wireless solution. A wireless network
approach can be integrated to the lighting control system
which is proposed in this paper, which will monitor and
control the whole building, creating Green Buildings.
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