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Abstract—Indoor localization using short-range wireless
communication techniques has gained popularity over the Global
Positioning System due to the latters limited capability to
provide indoor positioning information. This paper reports
the implementation of a multi-transmitter visible light
communication based indoor localization system that offers
a moderate data rate and indoor positioning with sub-meter
accuracy. The work includes a prototype of the proposed system
with four transmitters and a receiver module mounted on a
stationary base. The transmitted data was Manchester encoded,
and Binary Amplitude Shift Keying modulated. Multiple access
of channel was achieved using Time Division Multiple Access
technique. The receiver module used a PIN photodiode to
detect the light signal and indoor positioning or localization was
implemented using received signal strength technique.

Keywords—indoor localization, Received Signal Strength, visible
light communication, Time Division Multiple Access, Manchester
encoding, Binary Amplitude Shift Keying.

I. INTRODUCTION

The development of indoor robotic systems, and smart,
multipurpose, hand-held devices such as mobile phones and
tablets, has necessitated an accurate, easy to implement, and
cost effective indoor localization system. Indoor localization
refers to locating the position of an entity (stationary or
mobile) within a building. It is essential for systems such
as automatic floor cleaners, security robots, store navigation,
guided museum tours, and indoor building space mapping.
Unlike outdoor localization, where Global Positioning System
(GPS) plays an effective role, indoor localization using GPS
is inaccurate due to poor GPS signal strength. Thus, systems
based on wireless sensor networks are deployed [4]. But such
systems require the installation of additional hardware and
can be expensive. An alternative would be to implement an
indoor positioning system using the lighting system within
the building, by exploiting the possibilities of Visible Light
Communication (VLC). This would eliminate the cost for
additional hardware and would also be easy to implement.

This work proposes a system capable of implementing
localization based on VLC as shown in Figure 1. A VLC
transmitter to send Binary Amplitude Shift Keying (ASK)
modulated data and a receiver module to decode the same
were designed and implemented. Time Division Multiple
Access (TDMA) was used to achieve multiple access of the
channel. Localization was achieved using a multi-transmitter
arrangement by employing a Received Signal Strength (RSS)
based algorithm and sub-meter accuracy was attained. Image
processing techniques were used to improve this result.

Fig. 1: Proposed VLC System Block Diagram

II. VLC TRANSMITTER

A. VLC Transmitter Design

A microcontroller, light source, and switching circuit
constituted the VLC transmitter. The static data to be
transmitted was stored in the flash memory of the
microcontroller and was Manchester encoded and Binary
ASK modulated before transferring to the light source via
a switching circuit. TDMA channel access scheme was
employed to accommodate multiple transmitters.

Light Emitting Diode (LED) was chosen as the transmitter
light source due to better switching frequency, longer lifetime
and better power efficiency when compared to other sources
such as incandescent and fluorescent lamps. The transmitter
uses two 10 W LEDs in parallel to increase the transmitter -
receiver separation. A transmitter- receiver separation of 1.6
m was achieved with this arrangement.

A DC switching circuit was used, as AC switching circuit
introduced 50 Hz power supply noise into the light stream
that caused severe noise at the receiver. As the two 10 W
LEDs in parallel drew high current, a power transistor of high
rating (Ic=1.5 A) was used. The transmitter design is shown
in Figure 2. A metal sheet of approximate dimension 5x6 cm
was used as a heat sink for the LEDs, to prevent heating and
consequent damaging of the system. A transmission rate of 100
kbps was achieved using this arrangement. But considering
the bandwidth limitations of the receiver, the transmission
bandwidth was chosen to be 20 Kbps.
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Fig. 2: VLC Transmitter Design

B. Data Encoding

Data was transmitted by Manchester encoding the bit
stream using an MSP430G2553 microcontroller. For the
purpose of testing, a ml-sequence of length 15 was repeatedly
sent, preceded by 2 start bits and followed by a stop bit.
A delay of fifty ‘0′bits was introduced between successive
transmissions. The sequence after encoding is shown in Figure
3. Manchester encoding was chosen to avoid long sequences
of 0 bits from interfering with the lighting application of
the system. Each transmitter continuously transmitted an 8-bit
code that was used to uniquely identify the transmitter during
localization.

Fig. 3: Manchester Encoded Transmitted signal

Each message symbol consisted a START bit, followed by
the 8-bit unique code (Manchester encoded) and a STOP bit.
The START bit was a LOW signal of 2 time period duration
and the STOP bit was a HIGH signal of 4 time period duration.

Fig. 4: Message Symbol structure

The START bit was used to synchronize the receiver, while
the STOP bit conveyed the end of a transmission. Since the
symbol space was small (4 symbols), the use of an error control
code was avoided. Each time period (T) was 52 s and an entire
symbol duration was 728 s (start - message - stop).

C. Multiple Transmitter Arrangement

Multiple transmitters were used to achieve localization.
The multi-transmitter arrangement was formed using four
transmitters, placed on the corners of a square of side 87 cm.
Each transmitter sent a unique code. All the transmitters were
synchronized for TDMA using interrupts. The entire time slot
was divided into slots of 40 message symbols each. Each 40
symbol slot, was further divided into four slots of 10 symbols,
where transmitter 1 transmits in slot 1, transmitter 2 in slot 2,
transmitter 3 in slot 3, and transmitter 4 in slot 4.

III. VLC RECEIVER

The receiver module comprised of an optical sensor
circuit for sensing and conditioning the light signal and a
microcontroller to decode the data and run the localization
algorithm.

A. VLC Receiver Design

Fig. 5: VLC Receiver Design

The receiver design is shown in Figure 5. A PIN
photodiode was used, followed by a transimpedence amplifier
to convert the current signal from the photodiode to voltage
signal. The output of the transimpedence amplifier was passed
through a high pass filter of cut-off frequency 159 Hz to
remove DC as well as 50Hz power supply noise. The signal
was further amplified for localization purposes. This was
followed by another HPF stage to remove any remaining DC
signal. Finally, the signal was passed through a comparator



and a voltage divider to ensure that it stayed within 0-3.3 V
range for the MSP430 microcontroller to operate upon.

Figure 6 shows a comparison of transmitted and received
signals and Figure 7 shows received signal in the presence of
4 transmitters.

Fig. 6: VLC Receiver Design

Fig. 7: VLC Receiver Design

B. Manchester Decoding

Fig 7 shows the Manchester decoding algorithm.
The output from the receiver circuit was fed into the
microcontroller, and decoded by sampling the signal twice per
bit duration. Synchronization of the sampling sequence was
achieved using the START bit. The received signal strength
was calculated by passing the output before the comparator
stage to the ADC pin of MSP430. The ADC value was read
out during the STOP bit to ensure maximum strength. Fig. 8: Manchester Decoding Algorithm



IV. LOCALIZATION

A. Localization based on RSS

The signal strength of each transmitter was obtained from
the receiver module. The approximate position of the stationary
base that holds the receiver was obtained by comparing
these values with a previously captured and consolidated set
of values. This value may be combined with the distances
obtained from image processing, to calculate the location of
the stationary base with a greater precision.

B. Overview of arrangement

The area beneath the four-transmitter arrangement was
divided into a 4x4 matrix labeled as shown in Figure 9. Each
matrix cell measured approximately 22x22 cm.

The receiver was placed in each of these cells and
the position was calculated using an RSS based algorithm
and cross-verified. Better efficiency could be achieved by
conducting more training sessions.

Fig. 9: Matrix arrangement for localization

C. Localization Algorithm

Training Session:

1) Place the receiver in cell A
2) Take signal strength readings for all 4 transmitters

and record
3) Move to next cell
4) Repeat steps 2,3 until all cells are covered
5) Repeat steps 1-4, N times

The value of N decides the accuracy of the system.
For the implemented system N was chosen as 5.
Each cell reading was obtained by averaging over 80
received symbols strength.

Position calculation:

1) Place the receiver in a random position.
2) Take signal strength readings for all 4 transmitters -

t1, t2, t3, t4.
3) Calculate the probability of occurrence of the values

t1 - t4, in each cell (A-P).

p(cell is X)=
4∑

i=1

ki

max(X)−min(X)

where max(X) and min(X) are the maximum and minimum
recorded values in cell X and k1−k4 are weights assigned.
ki=0 if ti is not in the range min(X) to max(X), for the
particular set of values at cell X.

4) Find cell with maximum probability of occurrence.
Assume it to be the location.

D. Image processing based localization

Images were continuously captured using a camera
mounted on the floor. These images were converted from
RGB scale to HSV scale using OpenCV and the light sources
were isolated by filtering out the unnecessary values using
suitable HSV ranges. The edges of the sources were detected
using suitable filters (Canny filter) and the pixel coordinates
of the center of each of the contours were obtained by
applying an averaging function. The pixel coordinates of the
center of the image were then calculated. These coordinates
indicated the position of the camera i.e., stationary base with
respect to the light sources. Using these, the pixel distance
of the receiver module from each of the LED source was
calculated. Actual coordinates of the receiver module were
calculated after transforming the pixel coordinate system into
a mesh coordinate system. A linearization factor, alpha, was
multiplied with the pixel distances to convert them to actual
distances. Alpha was experimentally determined and depends
on the vertical distance between the receiver module and the
transmitter plane. Figure 10 and 11 depicts a sample result
obtained from the arrangement.

Fig. 10: Sample image of the transmitters (after processing
for localization)



Figure 10 shows the final processed image where the
location of the four transmitters and stationary base were
identified. The transmitters are marked in red and labelled
as LED and the position of the stationary base is marked in
yellow and labelled as ourrobot in the image. The centroid of
the transmitter mesh was also calculated and this is labeled
as centroidofmesh in the image. These coordinate values were
used for position estimation.

Fig. 11: Sample result from image processing

Figure 11 shows the results calculated after identifying
the necessary pixel coordinates from Figure 10. The image
displays the coordinates of each of the transmitter followed by
the distance (in cm) of the stationary base from the respective
transmitter. The actual coordinates of the stationary base (in
cm) with respect to the bottom right LED in Figure 10 was
also calculated.

V. CONCLUSION

The proposed indoor positioning system was implemented
with sub-meter accuracy under experimental limitations. A
VLC based simplex communication system was established
with 20 kbps data rate and transmitter-receiver separation
of 1.6 m. 10 W LEDs were used as transmitter light
source and a PIN photo diode formed the core of the
receiver. Though transmission rate of over 100 kHz was
achieved using the designed VLC transmitter, the receiver
bandwidth limitation introduced by the photo-detector reduced
the effective communication rate to 20 kbps. A TDMA
based channel multiple access was implemented for the
purpose of indoor localization, with four transmitters. The
transmitters were arranged on the corners of a square and
the received signal strength from each of the transmitters was
analyzed to implement localization with sub-meter accuracy.
An RSS based algorithm was used for indoor positioning.
Image processing based localization was done to improve
the accuracy of the system. But image processing was not
integrated into the prototype system as the camera demanded
a larger transmitter-receiver separation for proper transmitter
detection than that was achievable with the current system.

The proposed system provides better accuracy compared
to the existing indoor localization systems which utilizes
technologies like WiFi, ZigBee and Bluetooth [21]. It is easy to
incorporate in smart devices and has lower implementation cost
compared to other existing indoor localization systems that
provide sub-meter accuracy using Unidirectional Ultra Wide
Band (UWB) and Ultra High Frequency (UHF) technologies
[4].

The data rate of the prototype was limited by the
photo-detector at the receiver. With better photo-detectors,

higher data rates can be achieved. Transmitter-receiver and
inter-transmitter separations can be improved by increasing
transmitter power, thereby aiding the incorporation of image
processing-based techniques. Error control coding can be
included to improve quality of the data transmission thus
making the proposed VLC and image processing-based indoor
localization technique an efficient and reliable alternative to
the existing systems.
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