AItRYEE(E  Visible Light Communications: VLC

ZEERE LEHE

yamazato@nagoya-u.jp

1999 ERZIAZHIEMHBIRICL DIRIG

a1

2001 AREEEBEIYY -V T LA
(=R EEHERRFE NE—HHR)

2014 AIRGEERS

UTORRERER—RICLTLET,
{5553k |IEICE Technical Report
WBS2022-43,ITS2022-19,RCC2022-43(2022-12)

1

2018 HAZ #+ b Zv AHpESR - IRLEEI B

2023 BAR7 # b =0 ApES - KEROBR (ZR 1 ILE)

http://www.vlcc.net/modules/xpagel/?ml lang=en (2021/9/3)

ip/en/faculty/haruyama s.html (2021/9/3)

http://www.sdm.keio.ac.

AJ{RY¢EB(E Visible Light Communications (VLC)
1. AIERYE@EIE (Visible light communications: VLC)
A A=+ Hi@fE (Image sensor communications: ISC)
2. BEEN AT EFAL ISC
3.8—U I vy RARDAA =Y ERHWISC

4 A XY MHXZ =W ISC

2
Electromagnetic spectrum
- =t 750 nm Visible. Seedvum 380 nm
m 400 THz 790 THz

T - Radiis wove
il é_‘_’_'

<<<<< i
= fodbleSands ook Ty (e i vad, )

H

{

Y IoF re cog z0 4 W B,
Km " u.F,

ELF  wrF LF HF UWHF  EHF MR
SHT 2 R Nu/ EWV  SX  HX Y
sl P

SLF VLF MF VHF
Fg‘ra%w‘c‘y f 3+Q 3;0 3 3'0% 3L 35 3:16 é 34'0 ?laa i,l:}\?_é} k;_/é‘-‘\;go/ ; 3 300
R —RR - MR R T e

dbdoy Y‘mu.a_




VLC Transmitter

In most cases, VLC uses LEDs for a transmitter.

¢ VLC signal modulation
* On-off keying (OOK)
* Pulse-width modulation (PWM)

* Intensity modulation (IM)

¢ Optical orthogonal frequency division multiplexing
(optical OFDM)

VLC Transmitter

In most cases, VLC uses LEDs for a transmitter.
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Intensity modulation and direct detection (IM/DD) systems

On-off keying (OOK)

The simplest form of modulation
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Image Sensor Communications: ISC
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High-Speed Image Sensor as a Reception Device of VLC Signals

Spatial separation of sources
Ability to process multiple sources
I(XZ.YZ)] DataB ] Easy integration of both positioning and reception data

Photo diode

Noise sources
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T. Yamazato, et al. "Vehicle Motion and Pixel lllumination Modeling for Image Sensor Based Visible Light Communication," IEEE JSAC, 2015.

CMOS (complementary metal oxide semiconductor)

Photon-to-electron conversion
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CMOS sensors read out the voltage
using row and column decoders, like a

First received data

digital memory.

Second received data Third received data




Question

If the source data rate is 120Hz, what is
the minimum sampling rate to
reconstruct original data?

How fast can we achieve? — Ideal case —

1920 x 1080 x 240 fps X 12 bit X 3 colors
Considering Nyquist sampling (1/2)
960 % 540 x 120 fps X 6 bit X 3 colors

s P rees Worene s

|,119,744,000 bps (1.1 Gbps)

iPhone
1080p 240 fps

1920 x 1080 x 920 fps x 12 bit X 3 colors
Considering Nyquist sampling (1/2)
960 X 540 x 460 fps X 6 bit X 3 colors

Xperia
1080p 920 fps 4,292,352,000 bps (4.3 Gbps)
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How fast can we achieve? — Our case —

Photoron IDP-Express

Receiver:

High-speed 512 % 96 x 10,000 fps x 8bit
Considering Nyquist sampling (1/2)
256 x 48 x 5,000 fps X 4bit

245,760,000 bps (245 Mbps)

Actual Experiment

X 5,000 fps X 4bit

Size of LED array

320,000 bps (320 kbps)
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High-speed image processing for
automotive applications

High-speed Image Sensor




LED traffic light to vehicles (12V-VLC) Fast recognition of LED arrays

V2X Visible Light Communication
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T. Yamazato, et al. "Image Sensor Based
Visible Light Communication for
Automotive Applications,” IEEE
Communication Magazine, Jul., 2014.

OCl-based
Optical-OFDM

+ New automotive VLC system
+ 55 Mbps VLC signal transmission
« Faster than DSRC

LED Array Optical Communication Image Sensor (OCI)
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Y. Goto et al. "A New Automotive VLC System Using Optical Communication Image Sensor,” IEEE Photonics Journal, Vol. 8, No. 3, June 2016,

An optical communication image sensor (OCI)

Chip specifications

Technology 0.18 um 1P4M CMOS

Chip size
Imaging
area size
Pixel size
Number of

pixels

Frame rate

SM72

OCI chip photograph

T. Yamazato, et al. "Image Sensor Based Visible Light
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1. Takai, et al. “LED and CMOS image sensor based optical wireless communication system for automotive applications.” IEEE Photonics Journal, Oct. 2013,
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t [frame]

y [pixel]

x [pixel]

(a) Captured image of 64-bit Array. (b) Spatial-temporal image.

t [frame] | LED transmitter | t [frame]

x [pixel] x [pixel]
(c) Spatial-temporal cross-sectional (d) Spatial-temporal cross-sectional
image. image when LED position corrected.

A=Y vy 2AHRD
A A=Y 2HWEISC

32



A=Y >sY v v 425 (Rolling-shutter)
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] Rolling-shutter scheme
\ Sequential readout of voltages line by line
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Timing chart of rolling-shutter scheme 33
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(b) Event output

Walsh-Hadmard code assignment seq LED array transmitter
a=0000 -wo=(+1+1+1+1+1+1+1+1)0 —_—
a=001) -w=(+1+1+1+1-1-1-1-1)250 .
4= (010) —wy=(+1+41-1-1—1—-1+1+1)500 [| Transmitted ‘
a;=(011) ->wy=(+1+1-1-1+1+1-1-1)750 data
a;=(100) -wy=(+1-1-1+1+1-1-1+4+1)1000  —> J
as=(101) -ws=(+1-1-1+1—-1+1+1-1)1250 L,
ag=(110) »wg=(+1-1+1-1-1+1—1+1) 1500 | el

a,=(111)

Received
signal
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< —4 v Sequency

wo= +1 +1 +1 +1 +1 +1 +1 +1 (0)
wy= +1 +1 41 41 -1 -1 -1 -1 (1)
we= +1 +1 -1 -1 -1 =1 +1 +1 (2)
ws= +1 +1 -1 -1 +1 +1 -1 -1 (3)
wi= +1 -1 -1 +1 +1 -1 -1 +1 (4)
ws= +1 -1 -1 +1 -1 41 41 -1 (5)
ws= +1 -1 +1 -1 -1 +1 -1 +1 (6)

wr= 41 -1 +1 -1 +1 -1 +1 -1 (7)
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