Working Group 2, Deliverable 2.2

Development of PoC Demonstrators for a
Number of Selected Applications

Report edited by Giulio Cossu (Scuola Superiore Sant’Anna, Pisa, Italy), Xiaodan Pang ( KTH
Royal Institute of Technology, Sweden) and Nobby Stevens (KU Leuven, Belgium).

June 2024
=
/ )«

NEWFOCUS

This project has received funding from the European Cooperation in Science and Technology
(COST) organization under project no CA19111.

CcoseE

European Cooperation in
Science and Technology

Funded by
the European Union




\V/

Zrcoske

P

Sy NEWFOCUS
Contents
(I__Introduction| 3
2 Contributions from participants| 4
[2.1 3D Indoor Positioning with Spatial Modulation for Visible Light Communications|. . . . 4
[2.2  Physical layer security with DCO-OFDM-based VLC under the effects of clipping noise |
| and imperfect CSI|. . . . . . . . . .. e 4
[2.3  Channel Estimation and Physical Layer Security in Optical MIMO-OFDM-based LED |
| Index Modulation| . . . . . . . . . . L e 5
2.4 Spatial Modulation Aided Physical Layer Security for NOMA-VLC Systems| . . . . . . 5
[2.5 Implementation of a High Measurement Rate VLP System| . . . . . ... ... ... .. 7
[2.6  Experimental Demonstration of Integrated Optical Wireless Sensing and Communication| 8
[2.7  Audio Signal Quality Assessment in Visible Light Communication . . . . . . . ... .. 10
[2.8  Experimental Demonstration of High-Precision 3D/2D Indoor Visible Light Positioning |
| using an Imaging Receiver] . . . . . . . .. ... oo 10

Funded by

the European Union CA19111 Page 1 Of




Zrcoske

\V/

P

S Tecmolods NEWFOCUS newocus
List of Figures
11 Indoor joint communications and VLC positioning| . . . . . ... .. ... ... .... 4
12 Average positional error curves at the 30 SNR, 40 SNR, and 50 SNR conditions: (a) z |
| constant (two-dimensional case), (b) z variable (three-dimensional case).|. . . . . . . .. 4
3 VLC channel model simulation environment| . . . . . . . . . . . . .. .. .. ... ... 5
|4 BER vs. SNR performances for BPSK, QPSK, 16-QAM and comparison with iterative |
| mitigation algorithm.| . . . . . . . . ... 5
b lLocations of Bob and Eve 1n three different scenariosl . . . . . . .. .. ... ... ... 6
|6 BER vs. SNR performance of BobandEve| . . . . . .. .. ... ... .. ....... 6
|7 Proposed RSM-based PLS precoding system with secret key exchange for the multi-user |
[ NOMA-VLC] . . . o e 6
18 Comparison of the proposed NOMA-VLC system with OMA-VLC on achievable se- |
| Crecy capacities.]. . . . . . . . . . . e e e e e 6
9 General block diagram of the proposed SoC architecture, consisting of the different pe- |
| ripherals involved 1n the signal processing of the signals coming from the QADA sensor| 7
{10 Experimental evaluation of the proposal: a) Experimental setup ; b) Estimates of the |
[ ratios Py and Py.| . . . . o000 oo o 7
(1T Control area of the ISAC prototype, with  the control computer for signal modula- |
[ tion and post-processing, ~ the USRP X300, ~ a power amplifier for transmit signal |
| amplification and ~ the powersupply.| . . . . . . . . ... oL oL 9
{12 Test area of the ISAC prototype, with ~ the transmit optical antenna, the receive |
| optical antenna,  a double rail to position the receive optical antenna and  black |
| curtains delimiting the testarea.| . . . . . . . . ... ... ... .. ... ... 9
|13 Top view of the reception plane with the reference coordinates and estimated coordinates |
[ before and after correction] . . . . . . . . .. ... 9
|14 The experimental testbed.|. . . . . . . . .. ... 10
{15  The THD parameter results (offset voltage 2.26V dashed; 2.30V solid).| . . . ... ... 11
{16 VLP lab experimental setup. The inset shows the geometrical distribution of the trans- |
| MILETSS . . . . o e e e e e e e e 12
[I'7 CDF of geometrical error of a four-luminaire system using different number of PDs for |
| comparative evaluation.| . . . . . . . ... L L 12
Funded by

the European Union CA19111 Page 2 Of



Ccoske A
(W

European Cooperation i U

Sclence and Teehnology NEWFOCUS newFocus

N

1 Introduction

This document embodies the deliverable 2 of working group 2 of the COST action project no CA19111
with the title NEWFOCUS. It consists of an ordered classification of the research efforts that have been
executed by the different action participants during the final part of the project. In accordance to the
project proposal, this first working group 2 deliverable is entitled “Development of PoC demonstrators
for a number of selected applications”.

As one can readily observe, the efforts by the participants have been significant, demonstrating the
vivid research domain of short range optical wireless communications.
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2 Contributions from participants

2.1 3D Indoor Positioning with Spatial Modulation for Visible Light Communications

Researchers: Erdal Panayirci 1 (Kadir Has University, Istanbul, Turkiye), Nobby Stevens 2 (KU Leu-
ven, WaveCore, ESAT Ghent Technology Campus, Ghent, Belgium)

In this work [[1], a novel three-dimensional (3D) indoor visible light positioning (VLP) algorithm in Fig.
[I] is proposed based on the spatial modulation (SM) and its error performance assessed as compared
to the conventional received signal strength (RSS)-based 3D VLP systems [1]. As contrasted to the tra-
ditional VLP system, the proposed SM-based 3D VLP system first estimates the optical channel gain
between the light-emitting diodes (LEDs) and the two photodetectors (PDs) attached to the user by a
pilot-based channel estimation technique. Then, unknown 3D positions of the receiver are determined
by the trilateration algorithm with distances computed from the estimates of the channel gains. Conse-
quently, the 3D VLP system achieves an interference free transmission with increased spectral efficiency
and without the need for a demultiplexing process at the receiving end. The implementation of SM
not only ensures a more accurate 3D positioning by refining distance measurements through pilot-aided
channel estimation but also addresses the challenges of transmission data rate constraints, all while sig-
nificantly reducing positioning errors in challenging indoor environments as validated by comprehensive
computer simulations. The computer simulation results show that the positioning errors are obtained
in an order of magnitude smaller than RSS-based techniques in an indoor industrial environment (Fig.
[2). This is mainly because the distances involved in determining the 3D positions can be determined
more precisely by the pilot-aided channel estimation method without creating any data rate problem in
transmission due to the higher spectral efficiency of the SM.

Figure 2: Average positional error curves at the 30
Figure 1: Indoor joint communications and VLC SNR, 40 SNR, and 50 SNR conditions: (a) z con-
positioning stant (two-dimensional case), (b) z variable (three-
dimensional case).

2.2 Physical layer security with DCO-OFDM-based VLC under the effects of clipping
noise and imperfect CSI

Researchers: Erdal Panayici 1 (Kadir Has University, Istanbul,Tirkiye), Panos Diamantoulakis 2 (Uni-
versity of Macedonia, Thessaloniki, Greece)

In this work, we consider a DC-biased optical OFDM (DCO-OFDM) equipped with physical layer se-
curity (PLS) as applied to indoor VLC systems, as shown in Fig. [3] [2]. First, a novel PLS algorithm
is designed to protect the DCO-OFDM transmission of the legitimate user from an eavesdropper. A
closed-form expression for the achievable secrecy rate is derived and compared with the conventional
DCO-OFDM without security. To analyze the security performance of the PLS algorithm under the
effects of the residual clipping noise and the channel estimation errors, a closed-form expression is de-
rived for a Bayesian estimator of the clipping noise-induced naturally at the DCO-OFDM systems after
estimating the optical channel impulse response (CIR) by a pilot-aided sparse channel estimation algo-
rithm with the compressed sensing approach. Finally, from the numerical and computer simulations, the
BER performance of the proposed algorithm is compared to the one based on iterative clipping mitiga-
tion for BPSK, QPSK, and 16QAM signaling for different levels of clipping noise as B = 0:5, 1, and
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