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Abstract

This thesis presents the design, implementation, and evaluation of a real-time Op-
tical Camera Communication (OCC) system using a side-emitting optical �ber as
a distributed light transmitter for sensor-data links. A microcontroller samples
a temperature sensor, applies Manchester coding, and drives a high-power LED cou-
pled into the side-emitting �ber, while a rolling-shutter camera with a C++/OpenCV
pipeline automatically tracks the �ber’s Region of Interest (ROI), demodulates stripe
patterns in real time, and recovers the transmitted data. Real-time decoding was
maintained up to 100 cm, in live tests at 60 cm using temperature-sensor data,
20,000 frames (�360 kbit) captured at �40 fps yielded 722 bit/s throughput, a Bit
Error Rate (BER) of 6:25�10�5, and a packet-success rate of 99.7 %. The system was
also tested under bent and moving �ber conditions, where BER rose to 6� 10�2 for
bent �bers, while still reliably detecting the ROI, and to 1� 10�3 for moving �bers.
This low-cost, modular platform demonstrates reliable real-time OCC for Internet of
Things (IoT), wearable, and ambient-lighting applications, and lays the groundwork
for future enhancements in OCC, secure encoding, and fabric integration.

Keywords

Optical Camera Communication; Side-Emitting Fiber; Manchester Coding; Rolling-
Shutter Demodulation; Real-Time Sensor Data



Abstrakt

Tato pr�ace p�redstavuje n�avrh, implementaci a vyhodnocen�� syst�emu komunikace
optickou kamerou (OCC) v re�aln�em �case vyu�z��vaj��c��ho stranov�e vyza�ruj��c�� optick�e
vl�akno jako distribuovan�y zdroj sv�etla pro p�renos dat ze senzor�u. Mikrokontroler
sn��m�a �udaje z teplotn��ho senzoru, aplikuje Manchester k�odov�an�� a �r��d�� LED diodu
p�ripojenou k vl�aknu, zat��mco kamera s rolling-shutter senzorem a C++/OpenCV
pipeline automaticky sleduje oblast z�ajmu, v re�aln�em �case demoduluje prou�zkov�e
vzory a obnovuje p�ren�a�sen�a data. Komunikace optickou kamerou v re�aln�em �case
byla zachov�ana a�z do 100 cm, p�ri testech na 60 cm s daty z teplotn��ho senzoru bylo
po�r��zeno 20 000 sn��mk�u ( � 360 kbit) p�ri � 40 fps, co�z vedlo k p�renosov�e rychlosti
722 bit/s, bitov�e chybovosti 6;25� 10� 5 a �usp�e�snosti p�renosu paket�u 99,7 %. Syst�em
byl rovn�e�z testov�an p�ri ohnut�� a pohybu vl�akna, kdy se bitov�a chybovost zv�y�sila
na 6 � 10� 2 pro ohnut��, p�ritom byla st�ale spolehliv�e detekov�ana oblast z�ajmu,
a na 1� 10� 3 pro pohybliv�e vl�akno. Tato n��zkon�akladov�a, modul�arn�� platforma
dokazuje spolehlivou re�alnou OCC pro internet v�ec�� (IoT), nositeln�a za�r��zen�� a am-
bientn�� osv�etlen�� a tvo�r�� z�aklad pro budouc�� vylep�sen�� v oblasti komunikace optickou
kamerou, zabezpe�cen�eho k�odov�an�� a integrace do textili��.

Kl���cov�a slova

Komunikace optickou kamerou; Stranov�e vyza�ruj��c�� vl�akno; Manchester Coding;
Rolling-shutter demodulace; P�renos senzorick�ych dat v re�aln�em �case



Acronyms

OWC Optical Wireless Communication

OCC Optical Camera Communication

VLC Visible Light Communication

OOK On-O� Keying

ROI Region of Interest

MST Minimal Spanning Tree

BER Bit Error Rate

IoT Internet of Things

FEC Forward error correction

8



Contents

Contents 9

1 Introduction 10

2 State of the Art 11
2.1 Optical Camera Communication . . . . . . . . . . . . . . . . . . . . . 12
2.2 Modulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.3 Side-Emitting Optical Fiber . . . . . . . . . . . . . . . . . . . . . . . 14

3 Proposed System Con�guration 16
3.1 Transmitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.2 Receiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

4 Data Processing Code 23

5 Experimental Measurements 28
5.1 Pilot Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
5.2 Real-Time Measurements . . . . . . . . . . . . . . . . . . . . . . . . . 30
5.3 Temperature Sensor Data Transmission Measurements . . . . . . . . 35

6 Options for Further Improvements 37
6.1 Receiver Enhancements . . . . . . . . . . . . . . . . . . . . . . . . . . 37
6.2 Transmitter Enhancements . . . . . . . . . . . . . . . . . . . . . . . . 37

7 Conclusion 38

Bibliography 39

9



Chapter 1

Introduction

Optical Camera Communication (OCC) has emerged as a promising branch of Op-
tical Wireless Communication (OWC), leveraging widely available LED emitters
and rolling shutter image sensors to create low cost, versatile data links. Side emit-
ting optical �bers, which scatter light uniformly along their length, o�er unique
advantages for OCC, omnidirectional emission, mechanical 
exibility, and seamless
integration into ambient or wearable formats. To date, however, all demonstrations
of OCC using side emitting optical �bers have relied on o�ine processing of captured
images or video, limiting their applicability in real time scenarios.

This bachelor thesis presents the �rstreal time OCC system employing a side-
emitting optical �ber as the distributed light source. On the transmitter side, a mi-
crocontroller encodes sensor data with Manchester coding and drives a high-power
LED coupled into the side-emitting optical �ber. On the receiver side, a Raspberry
running a C++/OpenCV pipeline captures rolling shutter frames from a camera,
locates the �ber's region of interest under static, bent, or oscillating conditions,
and decodes the transmitted data in real time.

The objectives of this work are to design and implement a hardware interface
for side-emitting optical �ber transmission, develop a robust real time image pro-
cessing chain including automated Region of Interest (ROI) detection, characterize
performance metrics such as bit error rate, validate packet rate and throughput
across varying distances from 20 to 120 cm, �ber curvatures with radii of 212 mm
and 392 mm and motion of� 20� at 1 Hz, and demonstrate reliable real time trans-
mission of live sensor data. By achieving these aims, this thesis establishes a practical
foundation for further advancements in �ber based OCC for the Internet of Things
(IoT), ambient lighting and wearable applications.
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Chapter 2

State of the Art

Optical Camera Communication (OCC) represents a promising subset of Opti-
cal Wireless Communication (OWC), enabling data transmission using light-based
source and standard optical camera as receiver. This technology employs existing
LED infrastructure and commercially available camera modules, making it both
cost-e�ective and easily to integrate into current lighting systems.

OCC has seen signi�cant advancements in recent years, focusing on enhancing
computational and spectral e�ciency, increasing data rates. For example, in [1],
a system was developed with six light channels consisting of two RGB LED diodes
and a camera capable of capturing 60 frames per second (fps). This system achieved
data rates of up to 10.8 kbps over a distance of 2 meters, with o�ine video processing
performed in MATLAB.

In [2], OCC was tested with a moving receiver, achieving data rates of up
to 4.08 kbps with lateral distances of 50 cm and 70 cm. The bit error rate (BER)
was found to be proportional to the movement speed, which reached up to 100 cm/s.
The image processing was performed o�ine using MATLAB.

In [3], an OCC system was demonstrated with net data rates of 1.92 kbit/s,
3.84 kbit/s, 5.76 kbit/s, and 7.68 kbit/s when using payload bit lengths of 32 bits,
64 bits, 96 bits, and 128 bits, respectively. BER of 10� 6 was achieved for 32-bit
and 64-bit payloads. The data were processed o�ine in MATLAB.

In [4], an OCC system utilizing side-emitting �ber achieved the forward-error-
correction (FEC) limit for transmission up to 35 meters with a modulation frequency
of 3.54 kHz using a 2 mm side-emitting �ber. For a 3 mm �ber, transmission dis-
tances of up to 40 meters were achieved at the same modulation frequency. Again
the data were processed o�ine in MATLAB.
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Side-emitting �ber-based optical camera communication

2.1 Optical Camera Communication

OCC (see Fig. 2.1) belongs to the category of OWC. Main types of OWC are: Visible
Light Communication (VLC), OCC, and free-space optical (FSO) communications.
Among these, OCC is a viable solution for enabling OWC using image sensors as
receivers. The transmitter in OCC is a modulated light source. On the receiver side,
OCC uses optical cameras, such as those found in smartphones and tablets [5].

Binary input Modulator LED driver Light sources

Transmitter

CameraVideo
Frame

Sampling
Image

Processing
Signal

Demodulator
Output

Receiver

Free space propagation

Figure 2.1: Optical Camera Communication diagram (adapted from [6]).

2.1.1 Transceivers

OCC commonly uses modulated visible light signals to transmit data in a manner
that remains undetectable to the human eye. LEDs are commonly used as transmit-
ters in OCC systems due to their ability to switch states at a rate su�cient for data
transmission [7]. OCC systems can transmit signals directly through commercially
available LED light sources, signi�cantly reducing implementation and installation
costs [8].

2.1.2 Receivers

OCC systems employ an image sensor-based commercial camera as a receiver [5].
A simpli�ed camera structure consists of an imaging lens, image sensor, and readout
circuit. The image sensor comprises a two-dimensional array of photodetectors de-
signed to capture spatial information, which is subsequently processed to generate
images for display.

There are two types of image sensor technologies in digital cameras: Charged-
Coupled Devices (CCDs) and Complementary Metal-Oxide Semiconductors
(CMOSs). Charged-Coupled Device sensors require more power than CMOS sen-
sors because they use an external power source to shift the charge between pixels.
Conversely, CMOS sensors use internal transistors to amplify the charge, which re-
duces power consumption [9]. Complementary Metal-Oxide Semiconductor sensors
are also generally cheaper due to their less complex manufacturing process, making
them more a�ordable for consumer-grade cameras.
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