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1. Visible light communication
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1. Visible light communication

Visible Light communication is a wireless communication
technology that uses light that is visible to humans.

Typical example of visible light communication: the use of LED illumination as a transmitter
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Why do we want to use visible light for communicatior
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Reason 1: Visible light communication is not regulated.
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Frequency (Hz)

10©
10°

1d

1MHz 1

LJL

Visible light %
Infrared light

Wireless LAN
Cellular phone
TV

FM radio

AM radio

Ultraviolet light .-~

.- Visible light communication

o

§ -- Frequency above 3THz is NOT

= regulated by the Radio Regulation
2 Law .

__ The use of radio frequency below 3THz
©* s regulated by the Radio Regulation
S Law.

e
©
©
o

Visible light communication is not regulated, so it is fairly easy to introduce new
products , though safety regulation of higbwer LED light has been already discus:
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Reason 2: Visible light LED will be used everywhere.

Infrared light is already used for communication, such as wireless
remote control , IrDA, Infrared wireless LAN, and infrared inter
building communication. However, visible light LEDs are beginnin
to be used in every home and office, which makes visible light LE
ideal forubiquitous data transmitter.
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The growth rate of LED lighting is expected to triple from 2009 to 2012, and the market
share of LED lighting will be more than 30 percent of total lighting market in 2016.
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Reason 3: Image sensors can be used as receivers

The use of Iimage sensors as receivers makes it possible dete
not only incoming data, but also the accurate direction of the
Incoming vector from a transmitter to a receiver.

The image sensor technology will allow visible light
communication to various new applications as shown below,
which cannot be realized by radio wave technology:

Indoor navigation

Augmented reality

Accurate control of robots or vehicles
Accurate position measurement
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2. Methods of visible light communication

2.1. Devices used for Visible Light Communication
2.2. Communication using Image Sensors
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2.1. Devices used for Visible Light Communication
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Transmitter device of visible light communication

-Visible light LED G —)
LED light intensity is modulated by controlling
Its current.
data rate: low speed to very high speed
(up to several hundred Mbps)

-Fluorescentlamp =d -

FSK modulation of high frequency fluorescent light
data rate: up to several kilo bps
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Receiver device of visible light communication
-PIN photo diode @)

-high speed reception up to 1Gbps

-Avalanche photo diode @

-very sensitive reception

-Image sensor

-simultaneous image acquisition and data reception
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2.2. Communication using Image Sensors

Data can be received with image sensors.
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Principles of communication using image senso

LED light is modulated

=

len recorded images by an image sensor
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Received data:1 Received data:0 Received data:1

time
Camera (receiver) continuously takes images of a scene with an
LED light and a receiver detects the optical intensity at a pixel wr
the LED light is focused on.
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Principles of communication using image sensor (contin

Visible Light Communication

Image Sensor
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Even if multiple visible light sources send data simultaneously,
an image sensor is able to receive and demodulate all the data
simultaneously without any interference between them.
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Merits of communication using image sensor

Photo diode Q;))
communications

Image sensor
communications

Number of signal Single Multiple
Robustness X (no cross talk/ no Interference)
Distance Very Long 2km
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3. Areas to which visible light communication
technology may be applied
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3. Areas to which visible light communication
may be applied

3.1. Applications that do personal area communication

3.2. Applications that enabl
In several meter accuracy
3.3. Applications that enabl
In several millimeter accuracy
3.4. Applications that use augmented reality

3.5. Applications that cannot be achieved by radave
technology
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3.1. Applications that do personal area communication
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Download of needed information for digital signage applicatic
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The Infrared Data Association
(IrDA) (located in California,

USA) and Visible Light
Communications Consortium
(VLCC) (located in Tokyo, Japan.
Chairman: Prof. Haruyama of Keio
University) has been working
together since September, 2008 for
a visible light communication using
IrDA protocol stacks. [1]

Prototype made by VLCC (Visible Light Communications Consortium) in Tokyo
September 2009

User downloads information from a digital
signage board whose backlight LEDs sends data
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100Mbps Fulduplex multiaccess visible light communication system|[2
by Nakagawa Laboratory, Tokyo, Japan

A

Optical axis contrq|

Network controller ]

Optical CSMA/CD (carrier sense multiple access with collision detection) method is used
accesses from multiple terminals. The communication distance is 3 meters. This technolo
based on 100Mbps infrared LAN system whose standard was proposed by ICSA
(InfraredCommunication Systems Association) of ARIB (The Association of Radio Industri
and Businesses), Japan.
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High-Speed Parallel Wireless Visible Light Communications System
Using 2D Image Sensor and LED Transmitter [6]

by Keio University and Sony Kihara Laboratory

Each of 64 (8 x 8) LEDs transmits different data, which are
projected onto a different pixel of a higpeed image sensor.
About 50 times increase of data rate was achieved.

(Because of the overhead, 64 times increase was not possible.
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Communication usingED spotlight

AHI kari Guide Systemo by Shimizu C
Spot lights sends data such as picture information in a museum a:
shown above and a receiver guides guests by voice sound.
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Visible light information broadcast system

Prototype made by NEC and Matsushita Electric Works, members of VLCC

Information of products at a supermarket is obtained by a
visible light receiver that is installed in a shopping cart.
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Application of visible light communication to ITS

(Intelligent Transport System)
System with LED traffic light transmitter and image sensor receiver [3]

by VLCC (Visible Light Communications Consortium, Japan) and
The Japan Traffic Management Technology Association

VLCC (Visible Light Communications Consortium), March 2010

Data from multiple LED traffic lights are received by an image sensor receive
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Application of visible light communication to ITS
(Intelligent Transport System)

Information broadcast system using LED traffic lights

p
The Nippon Signal Co., Ltd. and VLCC, at Japan Shop 2006

The transmission method is based on Japan JEITAZ2R standard.
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Multiple transmission using multiple colors

Joint project of Keio University and JVC

ASound Spot o
Different color lights send different data
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Application of visible light communication to amusement

By Sony and Agilent at CEATEC 2004, Japan

SoundSpot
Demonstration of music broadcast system
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