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Abstract

This paper proposes an innovative idea of adjusting the
voltage that drives the LED by smart sensing of the
recommended illuminance for the workspace under
consideration, the available brightness in the area and the
preferences of the user occupying the workspace. A
DC/DC converter is used to provide the voltage necessary
to produce the required brightness. The converter circuit
is designed and simulated in PSIM and the required duty
ratio is given as input from the user preference that is fed
to the GUI in MATLAB. The goal of this paper is to
reduce the power wastage by optimized control of the
LEDs.
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1 INTRODUCTION

Energy saving is the need of the hour. The true potential of energy
conservation can be realized only when it begins to happen at an
individual level. Automation proves to be a powerful tool to achieve
power conservation. In commercial places, all electrical appliances
are kept running throughout the day. This leads to a substantial
wastage of power. The proposed concept is intended to reduce this
energy loss by optimization of the voltage delivered to the electrical
appliances. This paper proposes a novel LED drive that supplies
only needed voltage to the LED circuit by considering the required
brightness suited for the area and the actual brightness available in
the area.

2 EXISTING SYSTEM

Popular automation solutions include the switching on or off of
lights by detecting the presence of a human in the room. This can
be achieved by using motion detection sensors. Again, they can
prove to be inefficient as motion detection sensors show
discrepancies in detecting humans in stationary positions,
culminating in improper control of the light bulbs. To overcome
this issue, the use of RFID tags to detect the presence of humans
was introduced in office and educational environments. This
eliminates inaccuracies in detecting the human presence and
substantially reduces energy loss. [1] The issue with this concept
is that it can only detect the presence or absence of humans and
does not consider the preferences of the person. This solution does
not provide room for adjusting the intensity of the light bulb by
controlling the power input delivered to the bulb.

2

International Journal of Pure and Applied Mathematics Special Issue

1210



3 PROPOSED CONCEPT

This paper puts forth a novel idea of adjusting the luminous
intensity of the LED light bulb by controlling the input voltage to
the LED circuit based on the required illuminance for the
workspace, the actual illuminance in the place by natural lighting
and the preference of the person occupying the workspace. The
block diagram is shown in figure 1. A single-phase AC/DC
rectifier is used to convert the input AC voltage into a
corresponding DC voltage. This rectified DC voltage is fed to a
transformer-less DC/DC converter to get a regulated DC voltage
to drive the LED circuit. A Single Ended Primary Inductance
Current (SEPIC) converter is employed for this purpose.
Regulation is brought about by controlling the duty ratio of the
MOSFET in the converter. Using external brightness sensors, the
luminous flux due to natural light and other light sources is
determined. The required level of light intensity for the given
workspace is also determined by the user. Using these data, the
actual luminous flux that the LED needs to produce for
maintaining the required number of lumens is calculated.
Corresponding watts that the LED consumes and the required
voltage necessary to drive the LED is also calculated and
accordingly the duty ratio is computed and fed as gating signal to
the MOSFET of the SEPIC converter.

Figure 1: Working block diagram of the concept
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4 CIRCUIT DESIGN

A. Single-phase AC/DC Rectifier

A single-phase uncontrolled diode bridge rectifier is used to
convert AC into DC. It consists of an arrangement of four diodes
in a bridge circuit configuration. The 230-volt input AC supply
drawn from the AC mains is fed to the diode bridge and a rectified
DC output of 230 V is drawn across the DC link capacitor.

B. SEPIC Converter

The Single-Ended Primary Inductance Current converter is a
positive output DC/DC converter working under the buck-boost
topology. The circuit diagram is shown in figure 2. Buck-boost
topology converters are cheaper due to lesser number of switches.
SEPIC converter produces a non-inverted output and drastically
reduces the amount of electrical stress on the components, thereby
reducing the problems of overheating and device failure. All these
factors make this converter an ideal choice.

Figure 2: Circuit diagram of SEPIC converter

The duty ratio of the converter is given by,

D = Vo

Vo+Vi
..................(1)

Where D is the duty cycle, Vo is the output voltage in volts and
Vi is the input voltage in volts.
The value of inductor is given by,

L = ViD
∆i0f

..................(2)
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Where, ∆io the output current ripple and f is the switching
frequency. [2]

For Vi=230V, Vo=12V, f=25kHz, ∆vo=1%, ∆io=5%, using
equation (2), the inductance values for both the inductors are
chosen to be 910 µF.

C. Light Emitting Diode (LED)

The light-emitting diode is a two-lead semiconductor light source
used in diverse lighting schemes. It works on the principle of
electroluminescence. When current is applied between the two
leads, the electrons in the semiconductor combines with the
electron holes, emitting energy in the form of photons. LEDs are
advantageous over incandescent light sources as they are smaller,
have longer lifespan, lower energy consumption, faster switching
and are physically robust. There are a variety of LEDs available
in different ratings based on their purpose. [3] A 12 V, 20 W rated
LED is used in this circuit. The luminous efficacy is 100 lm/W.
The maximum luminous flux that the LED can produce is given
by,

φv = η ∗W...............(3)

φv = 100 ∗ 20 = 2000lm

Where φv is luminous flux in lumens (lm), η is luminous efficacy
in lm/W and W is the power rating of the LED in watts. [4]

D. Control Circuitry

Depending on the type of work carried out in the area, be it PC
work, commercial space, classes, parking, theatre or household,
there are recommended light levels or illuminance for a healthy
environment. [5] Based on the workspace considered and the
userpreference, the required lumens is taken as input. The
available lumens in the workspace due to other factors (natural or
artificial) is subtracted from the required amount to determine the
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actual lumens that need to be supplied by the LED (φv). The
power required to produce the needed lumens is calculated. The
voltage to be delivered to the LED is given by,

Vo =
√
W ∗ r........................(4)

where r is the internal resistance of the LED in Ω.

The corresponding duty ratio is calculated using equation (1) and
is fed to the MOSFET, thereby completing the control loop.

5 SIMULATION RESULTS

The rectifier and converter circuit is designed in PSIM version
9.0.3 software. A 230V AC supply is rectified and the DC output
is fed to a SEPIC converter. The output of the converter is fed to
a resistive load. The circuit diagram is shown in figure 3.

This PSIM circuit is imported into MATLAB platform and the
output scopes are provided. The duty cycle is given to the
converter from MATLAB. The user interface is developed in
MATLAB GUIDE. The recommended illuminance for the
workspace and the specifications of the LED used are displayed.
The required lumens and the available lumens is taken as input
and the needed lumens to be provided by the LED is calculated
and displayed. The corresponding power and voltage required are
also calculated and displayed. The SimCoupler circuit in
MATLAB and the GUI developed in GUIDE are shown in figures
4 & 5.
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Figure 3: Circuit diagram of rectifier and converter in PSIM

Figure 4: A screenshot of GUI in MATLAB

Figure 5: SimCoupler circuit in MATLAB

7

International Journal of Pure and Applied Mathematics Special Issue

1215



Figure 6: Input and rectified voltage waveforms

Figure 7: Output voltage and current waveforms

6 CONCLUSION

Automation is a powerful tool for energy conservation and cost
cutting. A lot of energy and money can be saved by optimal usage
of the electrical appliances. This paper suggests a method of
optimizing the utilization of LED by adjusting the voltage
delivered to it based on human comfort parameters and naturally
available brightness in indoor lighting schemes. This concept of
optimization of LED drives can be implemented as an efficiency
improvisation module in a larger automation system installed in a
personal or a corporate space.
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