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Smart Connected Lighting

SMART ELECTRONIC COMMUNICATION AND
BASED SYSTEMS CONNECTIVITY INTEGRATIVE LIGHTING
R,
-

A =

= Analog/Digital Circuit Design ®  Wired and Wireless Interfaces = Non-visual effects of Light
= Sensor Fusion ® (Backscattered) Visible Light = Human Centric Lighting
= Embedded Software Communication = Horticultural Lighting
= Smart System Integration w Visible Light Positioning = Animal Lighting
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Wavelength in meters (m)
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‘ Li-Fi modulation tech. ‘
|

sCM OFDM (MCM) ‘ Other MCM ‘ ‘ Calour domzin ‘
[ I I 1
e = Inherent Superposition . : -

4{ 00K ‘ ‘ DCO-0FDM ‘ ‘ e ‘ ‘ OFDM ‘ ‘ Hybrid ‘ HCM ‘ CSK ‘
ACO-0FDM ‘ 4{ el-OFDM ‘ 4{ RFPO-OFDM ‘ WPDM ‘ CIM ‘
PAM-DMT ‘ 4{ eACO-0FDM ‘ 4{ P-OFDM ‘ DHT ‘ MM ‘

M-PPM U-OFDM ‘ 4{ ePAM-DMT ‘ —{ Spatial-OFDM ‘
DFT-s-0FDM 4{ SEE-OFDM ‘ 4{ ASCO-OFDM ‘
CAP 4{ LACO-OFDM ‘ 4{ SFO-OFDM ‘
PM-OFDM
ADO-OFDM
HACO-OFDM
ACO-0FDM: asymmetrically clipped optical OFDM ePAM.DMT: enhanced PAM-DMT OFDM: arthogonal frequency modulation

ADO-OFDM:
ASCO-OFDM:

CAP:

CIM:

CSK:
DCO-OFDM:
DFT-s-0FDM:
DHT:
eACO-OFDM:

asymmetrically clipped DC biased optical OFDM
asymmetrically and symmetrically

clipped optical OFDM

carrier-less amplitude modulation

colour intensity modulation

colour shift keying

DC biased OFDM

discrete Fourier transformation spread OFDM
discrete Hartley transform

enhanced ACO-OFDM

ell-OFDM: enhanced unipolar OFDM
HACO-0FDM: hybrid asymmetrically clipped
optical OFDM
HCM: Hadamard coded modulation.

: light fidelity
MCM: multicarrier modulation
MM: metameric modulation
M-PAM: M-ary pulse amplitude modulation
M-PPM: M-ary pulse position modulation

O0K:
PAM-DMT:
PM-OFDM:

P-OFDM:
PWM:
RPO-OFDM:
SCM:
SEE-OFDM:
SFO-OFDM:
WPDM:

on-off keying

pulse amplitude modulation discrete multitone
position modulation OFDM

polar OFDM

pulse width modulation

reverse polarity optical OFDM

single carrier modulation

spectrally and energy efficient OFDM
spectrally factorized optical OFDM

wavelet packet division multiplexing
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Camera receiver LED transmitters (e.g., brake lights)
2
4

w B "’ [ #
. # I n $ / Following vehicle Leading (Forward) vehicle

f=h
WARRAN

Monitoring light intensity variations
in detected LED regions

Image acquisition LED detection via image g i

by the camera receiver processing techniques

and receiving optical signals
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Transmitter (Leading car)

Ve

g

*+,22

Receiver (Following car)

V1 #

Antennas for
Wi-Fiv2v

B 2514884, 121.74465
Gy,

Communication|

[ NTP—
USRP N200 Laptop | USRPN200 Laptop +
! - GPS receiver
I ; i ‘
Front-end board Taillight || PDAIOOA —“
& =
E LIDAR Laptop

> 4

(a) Block diagram.

(b) System setup.
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(a) A pre-defined 18 km driving route on Freeway No. 3 in Taiwan.
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(a) PRR distribution of OOK at 100 kbps.
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(b) SRR distribution of OFDM at 2 kbps.
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VLC Zelle 1 VLC Zelle 2 VLC Zelle 3

VLC Empfanger
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VLS unit 2.0

MC-E Color

I " (5




3M_Blue (300.0) | | 3M_Green

“m 24458 N\ 2.4458

Ora_Yellow (299.0/1.0)
<= 2.2209\> 2.2209
Ora_White (292.0)

| Ora_Yellow (2.0) | | Ora_White (7.0) |
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turning angles - Red-Green(red line)&Red: line)& line) ive values# Error in each rotational degree of each test run
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KNN Overall

Scenario distinction
accuracy 99.5%

(1N

Rotational degree distinction Rotational degree distinction Rotational degree distinction Rotational degree distinction
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Output of the VLS unit color channel (V)
o
:

1 1 1 1 1 1
o 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000 200,000
Sample number

18- L

Total Number of Number of Correct Number of Correct Total Number of Number of Correct Number of Correct
Test Scenarios Classifications Misclassifications Classifications Test Scenarios Classifications Misclassifications Classifications
2560 2559 1 99.96% 2560 2545 15 99.41%
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