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Why Optical Wireless (OW)?

U RF spectrum:
U OW spectrum:

crowded / expensive
free / large bandwidth
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Frequency band for VLC
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Definition

A Visible light communication (VLC) refers to the communication
technology, which utilizes the visible light source as a signal
transmitter, the air as a transmission medium, and the
appropriate photodiode as a signal receiving component.

O Visible light is the form in which electromagnetic radiation with
wavelengths in a particular range is interpreted by the human
brain.
= Visible light is comprised of visually-perceivable electromagnetic waves.

= The visible spectrum covers wave lengths from 380 nm to 750 nm.
(i.e., 400 — 800 THz)

o No regulation for the frequency above 3 THz

Performance Comparison

O WiFi

a/b/g/n = Data rate R up to hundreds of Mbit/s

O Bluetooth
R ~ tens of Mbit/s

O Optical wireless

» Infra-red communications = R ~ Gbit/s
= Visible light communications = R ~ hundreds of Mbit/s

VLC Application

U Traffic communication
U Indoor broadband broadcasting

» Hospital / Supermarket / University / Office
U Home access networks

] Underwater communication

Example: Traffic Communication

Traffic control Infrastructure

§ A §
I e
o — =

Vehicle-to-Vehicle

Source:

Hoa Le Minh and Zabih
Ghassemlooy, Visible Light
Communications, Optical
Communications Research Group
(OCRG), Northumbria University.




Example: Indoor Applications

Indoor broadband broadcasting
in Hospital / Supermarket / University / Office

Location based Services

\‘f_, &
|me=l




Example: Outdoor Advertising

[HShe >

Example: In Airplane
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Example: Underwater Communication

Wired Communication
(cable)

Wireless Communication
(sound wave)

j|  Itis hard to move
because the cable
obstructs me.




VLC Research

Q First research can be approximately started in 1998 — 1999.
Q Contribution addressing broadband VLC using WLED started in 2001.
O Currently:
= Visible Light Communication Consortium (VLCC) was established in November 2003

0 Casio, NEC, Panasonic Electric Works, Samsung, Sharp, Toshiba, NTT,
Docomo

= OMEGA (EU Framework 7)

= JEEE 802.15 Wireless Personal Area Network standards
= Boston University

= Siemens

= France Telecom

= Oxford University

= Edinburgh University

= Northumbria University
17

VLC Fundamental

O VLC = New communication technology using “Visible Light”.
General Lighting
Communication

= Main purpose:
= Added Value:

Q Visible Light = Wavelength 400nm (750THz) — 700nm (428THz)

O General Characteristic:
QVisibility : Aesthetically pleasing
O Security : What You See Is What You Send.
O Health :

Q Unregulated : no room to use more radio frequency

Harmless for human body and electronic devices

QUsing in the restricted area : aircraft, spaceship, hospital
Q Eye safety

18

VLC History

~ 800 B.C.405 B.C. 280 B.C. 1800s 1880 1900s Current
r . r q rPhotophone
Sunlight Heliograph By Bell
> > | ,J

VLC history — Low Speed

O Information delivery through reflection by mirror (Heliograph)

U The use of fire or lamp

Q Beacon fire, lighthouse, ship-to-ship comm. by Morse code

QO Traffic light : signal discrimination by color (Walk/Stop)

Beam reflection
(directional)




0 In 1880, Alexander Graham Bell invented the photophone VLC Characteristics

= Optical source : sunlight

= Externally modulation by vibrating mirror

HDR UWB

= Receiver : parabolic mirror with crystalline selenium cells

= 700 ft (213m) sound transmission

(o)l
o

UFIR
802.11b

Data rate (bps)

o~
=

Bluetooth

Excerpted from: The New Idea Self-Instructor edited by

http://www.freespaceoptic.com/

Ferdinand Ellsworth Cary, A. M. (M, h Book C :
Cfl‘;ca[;?)n& Phsilag:;lphi:.r{904) onaren ook Fompany 1 2 8 Distance (r?]) 11 20 50
21
Property VLC IRB RFB O Communication community trend
Bandwidth Unlimited, 400-700 nm Unlimited, Regulated and .. .
8001600 nm limited Q Ubiquitous (Connect each other everywhere, every time)
Electromagnetic No No Yes Q Security
interference + hazard
Line of sight Yes Yes No 4 LED trend ,_.'" 7
Distance Short Short to long Short to long ]
(outdoor) (outdoor) QLED teChnOIOgy (efﬁdency, brightneSS)
Security Good Good Poor
Standards In progress (IEEE 802.15.7 Well developed for Matured QLED Cost
Task Group) indoor (IrDa), In .
progress for outdoor D EnVIronmentaI trend
Services IMumination 4+ communications Communications Communications QHealth
Noise sources Sun light + other ambient Sun light + other All electrical/ .
lights ambient lights electronic U Energy saving
appliances L. Lo
Power consumption Relatively low Relatively low Medium D IntnnS'C CharaCtenSt'C Of VLC
Mobility Limited Limited Good T
Coverage Narrow and wide Narrow and wide Mostly wide = VISIbIIIty

Q@ No interference / No regulation

23 24




VLC System

25

Block Diagram of a VLC System

O Precise dimming appears to be challenging for incandescent and

gas-discharge lamps

= With LEDs it is quite convenient to accurately control the dimming level

Dimming #| Channel |» Optical Optical N Photo
control | (h(1)) | | concentrator filter detector
v
Input Communication Am PII“'L’r
data module 42
Output
data

26

Indoor VLC Configurations

Q Generally, 4 configurations for indoor optical links!
(a) Directed — line-of-sight link

Ceiling

Tx @
(b) Non-directed LOS link
Tx
(c) Diffuse link &
. - R ‘29’% LOS paths -4?&
(d) Quasi diffuse link AN 2 &
y
‘\ (a) by
& &
Diffusing spots
i ."-.:" ‘. 4 :."
@ .._.“-“ ‘ '.;. :_:
1 H, Elgala, R. Mesleh, and H. Haas, “Indoor hultioaths
optical wireless communication: Potential
and state-of-the-art,” IEEE Commun. Mag.,
vol. 49, no. 9, pp. 56 — 62, Sep 2011. - @ ] " & . @ )

Light Source

28




General Lighting Sources

)

U Incandescent bulb
= First industrial light source
® 5% light, 95% heat
= Few thousand hours of life
U Fluorescent lamp
= White light
= 25% light
= 10,000s hours
U Solid-state light emitting diode (LED)
= Compact
= 50% light
= More than 50,000 hours lifespan

29

Light Source Spectrum

=
N
)

Incandescent

-

o
o]

Fluorescent

o
o

I
~

o
N

Normalised power/unit wavelength

Wavelength (um)
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Ld T
-

----------- - § band gap
] (forbidden band)
O00000O0 ]
— ?} valence band

ZnO Tedaanlas = 119
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White-Light LED

ED Structure

P

New technology,
expensive and short life
time. It is, however, very
potential

Retriive Specris Powsr
e & £ 8 8 B

Well-known technology, limited
use, problem with balancing
each R, G, B component to
create white light

Popular for today general
lighting, efficient and cheap

32




LED as Light Source for VLC

Light Emitting Diode (LED)

Minimum heat generation
higher tolerance to humidity

QO Eye-safety regulations (compared to Laser)

O Longevity

U Lower cost

Q Are mercury free

O Less consumption P

0 High speed A;:’:,z‘,};m& ( %%
O Have smaller and compact size O -

a

a

a

A much higher energy conversion efficiency

= White LEDs with luminous efficacy greater
than 200 Im/W are now available

33

Q Performance and Price comparison

4 2003
100 LED 5
o 2005
€10 CCLED
® K
7]
[
£
L
2 L 2610
= CCLED
8 1 \‘-—-———-‘/’ \
o —
FluorescentiLamp =\ 2015
In ID -'-__/ \\ i ———
candescen (High-Intensity Discharge) \-EED_..-—-/
Lamp — g ,
0 50 100 150

Brightness / Power ratio

Source: Credit Suisse, 2006.11.2
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LED Market Forecast

O LED market comparison with NAND, DRAM

LED % CAGR :15% NAND, DRAM

29 29.2
billion $ billion $

11 12.4
billion $ billion $

6.3

billion $

LED

2006

Source: Deutsche Bank, 2007. 2

#LEDs Used in Worldwide

(Fw) e

(dana: LEDInside)

= 2012

= 2013

m 2014




LED Application

General Lighting
@ General Lighting
@ Task Lighting

P Visible Light Communication <«

VLC Demonstration

» Visible Light Communication <

38

P Visible Light Communication <@

Peripheral
Interface

Information
Broadcast

Contents i SR
Machine e-book i Sign Board ‘ITS (Navigation)
S P e
= Lo RN~ |F
Digital L e ~ ~ Prohibited
igita
Hgspim Security Banking Door Lock In Plane B
H S [ ]
i MNE Ej P .
i H b Visible
§ : = .
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Indoor Applications

LED IHlumination Infrastructure

/1IN /1IN /1IN

Ubiquitous

__________________________________________

!ﬁjﬁ
-

__________________________________________

Security

P Visible Light Communication <




Requirements (Indoor Application)

Mobile to Mobile | Mobile to Fixed | Mobile to Infra | Fixed to Infra
(Fixed Mobile)
Link Bi-direction Bi-direction Bi or Uni Bi or Uni
Reach ~1m ~1m ~3m ~3m
Rate ~100M ~100M ~10M ~10M
Application | Contents sharing File transfer Indoor navigation | Data broadcast
Video streaming | LBS
M-commerce Networked robot
Alternative | IrDA, Bluetooth, IrDA, Bluetooth, WLAN
UuwB UwB

O Advantages
Safe for health

>

>
>
>
>

Y V. V V VYV

Secure

No interference on RF signals

High speed

Confined to small geographical area
O Challenging Problems

Connectivity while moving
Multiuser support

Dimming
Shadowing

Confined to small geographical area

42

High-Speed High-Security Connectivity

What You See Is What You Send
(WYSIWYS)

Mobile to Mobile

LED array

Music broadcasting
(6Mbps, Oxford Univ.)

Infra to Mobile Sign board

(10Mbps, Tamura Inc.)  (10Mbps, Samsung)

Infra to Mobile(VLAN)
(4Mbps, Samsung)

“
U

dio system

(i

00kbps, Hongkong
niv.)

Infra to Mobile, VLCC (Keio Univ., NEC, Toshiba, Sony, Matsushita, Casio etc. )
(4.8kbps, illuminations, visible light ID, sign board, applications based on JEITA)

44




VLC Kits

VLC Training Kits

Example: Museum Application Example: Road Lighting




Example: Access Control

Train The Trainers @ NPRU
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Conclusion

Q VLC is a communication technology that utilizes the visible light

source as a signal transmitter, the air as a transmission medium,

and the appropriate photodiode as a signal receiving

component.

O Many advantages (e.g., security, health, eye safety, etc.) have

driven the VLC technology to become more popular.

Q VLC can be used in many applications.

51
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(Inverted 4 Pulse Position Modulation, -4PPM)
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Example of VLC Applications
Indoor Broadband with VLC

Indoor broadband broadcasting in Hospital / Supermarket / University / Office

Source: Boston University

Super market promotion via VLC

The product information is acquired by the
visible light receiver on the shopping cart.

Prototype presented by NEC and Matsushita Electric Works

|
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Visible Light Communication (VLC) ?

n13desdadng + doya
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An illustration of the VLC concept
(What you need to know to build a simple VLC system)

VLC SIGNAL GENERATOR
(with some STANDARD)
& DRIVER

LIGHT SOURCE - e

VLC SIGNAL RECEIVER
& SIGNAL PROCESSING

ﬁ

his is for the downlink only, and a parallel mmiww\m»m\:iw ne

of. Brandt-Pearce, Optical Wireless moBBCEnmzo:m\« ture 4 Visible

M Lt
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Type of Light Source

P Incandescent bulb
D> First industrial light source
P 5% light, 95% heat
P Few thousand hours of life
P Fluorescent lamp

P White light

P 25% light

Normalised power/unit wavelength

» 10,0005 hours
P Solid-state light emitting diode (LED) Wavelength (Hm)

» Compact

» 50% light

i
— P More than 50,000 hours lifespan 7

Source: Hoa Le Minh and Zabih Ghassemlooy, Visible Light Communications, \Ou»\ ommun

Group (OCRG), Northumbria University. \

White Light LED

RGB LED

Blue LED + Phosphor

Phosphorescence

T Phosphor Blue
£ Bond wire lumines-

M d cence

LED chip
T

|
-

Weveteng )
veaveiengn rm)

Well-known technology, limited use, Popular for today general i

component to create white light

Source: Hoa Le Minh and Zabih Ghassemlooy, Visible Light Communications, Optical Commun
Group (OCRG), Northumbria University. \

m— problem with balancing each R, G, B efficient and ch

§1u CP1223”

CP1223 standard

P One of the most popular VLC standard announced by “Standard of

Electronics and Information Technology Industries Association”.

Data rate: 4.8[Kb/s]
Method of transmission: I-4PPM (inverted 4-slot pulse-position modulation)

Data (LSB First) 00 01 10 11
raremsigna 1] O[O0 O o e [P T TP [T o O]

Bright [ — T T T T T T —— s —TT
Vo O A T A T P ! B o
\ ek Lo l|lgi:isf ;| e P P
i | Preamble (PRE) | b
i | C/fmmns slot takes up 0.104 ms
(i.e. slots are sent at 9.6 kHz).
Frame configuration:
SOF Payload EOF
(Start of Frame) (End of Frame)
PRE F-TYPE ID/DATA CRC-16
(6 bits) (8 bits) (128 bits) (16 bits)

A9aing o

CP1223”

Receiver

P Generally used Photodiode as a signal receiving device

Voltage
Output

W

-
s e
=]
L=
I
st
=]
=
s A=
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Signal Processing

> Optical and electrical filtering:
» Block out-of-band background light
» Remove electrical harmonics
> Equalization required:
» Bandwidth limited by LED response and by multi
> Types of equalizers:
> FIR filters, adapted using an LMS algorithm
» Decision-feedback equalizer
» MLSE - very complex

> Remove multiuser interference o

rof. Brandt-Pearce, Optical Wireless 0033%_8:03%&8\6 4 Visible

[ ===
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P 8051: (multiple manufacturers)
P Atmel: AT and AVR

P Microchip: PIC

P ARM: (multiple manufacturers)
P> Cypress Semiconductor: PSoc
P Intel

P> Parallax: Basic stamp

P etc.

*ref: httpi//en,

IPIBUAIATINE ANIATFIU CP1223” Q4 U3V fuasUgu 28-29 unTAN 2016 AV 1FAT w\mC-_—__

Su,_\,_mcmZ3\4mﬁ@ﬁg&@ﬁ@ﬁg@dzmgmwmgmmcwﬁm2%:

rrm@mwamdﬁﬁmgﬁu_mﬂrégqﬁﬁrm&ﬁ@ﬁﬁgﬁm

Requirec 1lish Skill

Required Less Skill

|
L




EE) e

98709 AWNATFIU CP1223”
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MICROCONTROLLER MICROCONTROLLER

APPLICATIONS APPLICATIONS

LIBRARY LIBRARY

RSy
RECEIVER

2AE
TRANSMITTER

CP1223

B

Arduino?

Il
P “Arduino is an open-source electronics prototyping platform based oyim

easy-to-use hardware and software. It's intended for artists, Qm&wsma\/&‘

and anyone interested in creating interactive objects or m:S.S:Sm:?A
www.arduino.cc ) ,

What is Arduino Not?
P It is not a chip (IC)
P It is not a board (PCB)
P> It is not a company or a manufacturer i Geeaadd rrees
P Itis not a programming language
P> It is not a computer architecture

(But it is involves to all these )

13Ugs

History

“Arduino is more than a business, it's a worldwide movement de

to education, electronics, programming, making... for everyone.”

P Founded by Massimo Banzi and David Cuartielles in 2005

.IIIII—lllll—....,

P> Based on “Wiring Platform”, which dates t 003 ‘___

Open-source Hardware?

Arduino™UNO Reference Design

|

i
i
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Y
f
|
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Arduino UNO /0O

P http://arduino.cc/en/Main/arduinoBoardUno

ICSP
for USB interface

(SPI) MISO
§ (SPI)MOSI
Interrupt 1
Interrupt 0

(SPI) SCK

(SPI)SS

L 10 / Analog Out (some)
%

® NoBE@n

use

to computer

]
Wit e A0 € -

7to 12V
DOC input

)

\ A4

5

(12C) SDA’
(12€) scL

-I““—IIII——-

Arduino Shield & Module

® TFT Touch Screen
® Data logger

*  Motor/Servo shield
®  Ethernet shield

*  Audio wave shield
*  Cellular/GSM shield
*  WiFi shield

*  Proto-shield

® ..many more

AT MUNIATIU CP1223”7 o4 UM

016 v 91729398 (NECTEC)

Open Source Arduino Project
P http://www.instructables.com/id/Arduino-Projects/

TWENTY.
FIVERMINUTES
T0

Open Source Arduino Project

P http://makezine.com/category/arduino/

P http://www.adafruit.com

%mn_mq_.::

| s ===




Wearable Arduino (LilyPad)

insulating patch

M35 CP1223” W

28-29 uNTIAN 2016 AV TNTATIE (NE

Today, Microcontroller Technology

Basic St...

Yaarusdun

Microchip 7 ATMEL

Yaarwdum voaruduw daarmeium

; Arduino

szduauaulanaannatiruIn

v Ay v aamsal

7

Arduino Boards

Arduino Pro mini
Arduino Lily Pad

.IIII|—|||||'....,

sgIu CP1223" o Usa 28-29 unsIAN 2016 AV AT

—

Arduino Pro Micro (mini Leonardo board)
The MCU board used in VLC-CP1223 DEV BOARD

P The Sparkfun® original board, based on Arduino Leonardo Board.

ARDUINO

8 LEONARDO

T

==




16 AV 13294598 (NECTE

)

REMARK! for Pro Micro/Leonardo Arduino Boa . == VLC-CP1223 DEV BOARD V1.0
s . N v s /‘ ) '
P nslusunsuuesn Pro Micro astdenlusunsumiguase . DIGITAL
Arduino Leonardo  saarsirer R / ————ee— > Vo
b O~ = e |
Archive Sketch Arduine Nano w/ ATmega32g /
CEMELL FixEncoding & Reload Arduine Nano w/ ATmega168 |
Serial Maritor Ctrl Shift-M Arcduino Mega 2560 or Mega AT i
o iniemiealll — | LED CONTROL
e e el i_- SIGNAL
Bun Bootloader \.E.Ea .mw_.s; ,,_.

> LED fianunsamunsilduuuesn ogffisiumisn 17 (RX LED)

P 115 RESET Uasa fev1 RESET agldhaan Reboot Useanes 8 Ui

P uain Pro Micro i 2 Jufie 5V 16MHz, way 3.3V 8MHz OUTPUT SELECT Pa)

lunsdifldiu 5V 16MHz oM TTeufeNTnIUAIN

OPEN PWM PWM ANALOG
OWU_..".m_mm%r @anaos outeun  INPUT

pd

Lililsnuae9asannesn USB r,mﬁ_zam_vmg@v\| RX —0

-

.IIII|—||||I—
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Download Library
bit.ly/1JJSmnK

VLC-CP1223 DEV BOARD V1.0

SARGMET_VLC_CP1223.zip 1item

B viC_CP1223_QuickStarterCode

Currently version: 1.0.2 (DEMO version)
Please ask for the update from

Dr.Piya (NPRU), Dr.Preecha (SARGMET, SPU) \

e
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Basic Command (DEMO-version)

//FUNCTION FOR VLC TRANSMITTER
startVLC_OUT( PIN_X); << SET VLC_OUT PIN = PIN_X (default 5);
setupMessage( (1byte)FTYPE , (string 16 byte)PAYLOAD );

<< SETUP MESSAGE TO TRANSMIT

*** after setupMessage, you should transmit a multiple-number of

before doing the next setupMessage command
transmitALL(); << TRANSMIT PREPARED DATA 1 TIME

generally used with LOOP statement to transmit a multiple-numbel
printPAYLOAD(); << Print Data for debuging to default serialport

\ //FUNCTION FOR VLC RECEIVER
startVLC_IN( PIN_X ); << SET VLC_IN PIN = PIN_X (default 7);

VLCread() << DETECT VLC SIGNAL (RETURN 1 = OK, 0 = FAIL)
DATA DETECTED KEEPIN byte VARIABLE "PAYLOAD_IN[0-17]"
PAYLOAD_IN[0] = FTYPE (1 Byte)
PAYLOAD_IN[1-17] = MESSAGE (16 Byte)

FTYPRE_IN << DETECTED FTYPE, ID -

printMESSAGE_IN(); << Print Message (ID+Message) to default mm:m_w@«\
printALLdata_IN(); << Print Data for debuging to Q&m:ﬁ%ﬂ

-

A9ATN9 AUINASEIU CP1223” a4 und piuAsUTY 28-29 unTIAL 2016 AV

‘

Q&A .

Thanks you for your attention

-
b
-
|
|
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Potentials of deploying a VLC
technology in the market

Shinichiro Haruyama
Graduate School of System Design and Management
Keio University

August 2, 2016
VLC Seminar

Chulalongkorn University
Bangkok, Thailand

Contents

Visible Light Communication (VLC)

Devices for VLC

Applications of VLC

Market Opportunities

Key Players

Visible light communication standard proposals

AR

Shinichiro Haruyama 2

1. Visible light communication

Why visible light communication is
becoming one of the hot topics of personal-
area network communication?

Because:

White LEDs have been widely used

Visible light communication technology is an
enabler of new services

Shinichiro Haruyama 3

Why white LEDs have been widely used?

Because:

LED lights have higher luminous efficacy
than other light sources.

LED lights have long lifetime.

The price of LED lights is dropping due to
mass production effect.

Shinichiro Haruyama 4
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Market
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LEDinside : LED Lighting Market to Reach US$30.5
Billion in 2016 and Professional Lighting Markets to See
Explosive Growth

The scale of the LED lighting market is growing steadily, according to 2016 Global LED Lighting Market Trends
Repart by LEDinside, a division of TrendForce. LEDinside estimates that the scale of the LED lighting market will
reach US$25.7 billion in 2015 and expand to US$30.5 billion in 2016. The penetration rate of LED lighting is also
projected to climb from 31% in 2015 to 36% in 2016,

o @
. : 2 ‘ ( . .
RN

1 : “lalyl (LiFi) 135907371710 (WiFi) $aenvin”

B e aAdYYRs ALNTER BNad TR

_ (laser diode) fild waadaunanaly Hudu
" e sautaidedidninn wu fremnenis
Foansruuasdes adnetuiisiudayanuen
a9 (downlink) @iy (uplink) lsiusing

o uumeidul Wsunslddyanuas
aunseimanudugaieldunmsinng
Taeviluih o1veenunludnune “vouay
(Gadgets) 1o/ Tpslul (uoadanauiaizos)
wWamenndou relaily (Hugalilnandoya
udumesidnliasnin”




NISWAIUIATUDU ¢

Indoor Locotion-Based Services Using LED Lighting
How it Works
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Thank you very much for your
attention
Any questions?






