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Research on optical channel of multiple LEDs lighting arrays

distribution communication system in vehicle
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(Department of Control Engineering, Academy of Armored Forces Engineering, Beijing 100072, China)

Abstract: Due to the special vehicle’ s narrow space, lighting layout is limited and the difficulty is
increased. An optimal scheme of lighting layout was proposed based on optical power evenly distribution
principle. Inter symbol interference model caused by the multipath dispersion from the reflection of floor
in vehicle was built. The influence of multipath propagation delay on optical communication system was
investigated. The relevant characteristic between the root mean square delay spread and max data rate was
analyzed. Meanwhile, the Bit Error Rate (BER) was calculated by the simulation software. Simulation
experiments proved that the optimizing layout scheme was valid as follows: the received optical power
ranged from —0.73 dBm to 0.56 dBm in 2 mx2 mx1.5m space size, uniform illumination rate was 80.5%,
the average Signal Noise Ratio (SNR) was 20.92 dB. Moreover, the max data rate can be improved from
107.8 Mbps to 373.3 Mbps OOK at a BER of up to 1.47x107°, which meet the international illumination
standards and the actual data communication in a special vehicle.
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Fig.1 Structure of LED lighting layout

3 3 5T T _E BN D R T 25 R E
M- B AR s A WA 2 BT R A z=h 1)
ST b A R — R R RO T R P ST 5 AN S
AR T 32 i B 20 S0 0 i A P BE S A 2 R
Mo B LED [ 5 f05 8 8l , #5008 19 't 2 5 1 07
ZEWBE 2 A A o ¥ 75 28 e /b 07 B R R R B
T4 LED Ai J& 45 ¥ T B 5 06 I 9 o {10437 . o

(m+1 )Agpcos'”(qb )
21-rD D

H(0)w=
0
b OGRS RS 5y B A S5y
N RS RS R O A e R R
B Dy R ST RUEN BRSE sBEES 5 Dy Ry IS AR B R &
U R IEE s g (W) AL P g I 4F
z=h Vi EAT — 5 e,y D B IS R % T 5 4
LED [ 8] % 5 ity L5 T 32 00U J& 4 P9 BE — IR I 4 )
FEA

Pi= Z P,[H(0)+H,(0).] (7)
BT A T £ 58 1 4 620 2 <
_1
Po= - Pas (8)

S 2 Prow MR T B2 WSO D0 A B, B A 1
1 AR T7 200

)

xc0s%y,,€08Y,xcos(Y)X Ty () g ()

t Transmitter
LED
layout
D, .~ Y} lightin

P2 g ar WO s BT S —

communication in vehicle

BP9 G 3 1 B A O ML P L O A —

S5 5 i T A Y

Fig.2 Direct and first reflection channel model of visible light
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Tab.1 Simulation parameters

Parameters Values

Semi-angle at half power/(°) 60
Transmitted optical power/W 1
Center luminous intensity 7(0)/cd 45
FOV at a receiver/(°) 60
Detector physical area of a PD A/cm? 1
Refractive index of a lens at a PD 1.5
Gain of an optical filter T 1

Reflection coefficient in vehicle p 0.6
Gain of an optical concentrator g 3
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Tab.2 Simulation parameters

Parameters Values

Data rate B/Mbps 100

Boltzmann's constant k 1.380 66e-23

Background light current /,,/mA 5.1

Absolute temperature 7;/K 295

Open—loop voltage gain G 10

Fixed capacitance n/pF-cm™ 112

FET channel noise factor I" 1.5

FET transconductance g,/ms 30
Noise bandwidth factor I, 0.562
Noise bandwidth factor I, 0.086 8

Bit period/ns 10

Electronic charge ¢ 1.602e-19

Detector responsivity R/(A-W™) 0.54
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Fig.6 Distribution of SNR with ISI (directed light) (a) and
distribution of SNR with ISI (reflected light) (b)
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