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Introduction: Paradigm Shift
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First Wave : Main frame
1980's

Third Wave : Ubiquitous
Computing
21st Century

Second Wave : PC
1990's

Engineering &
Calculation

Word Processing

" Wide spread use of Internet

Wireless

Ubiquitous

Entertainment -« Computing

Mobile
Déwicea;

[Xerox PARC, Mark Weiser, 1991]
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Factors of Ubiquitous GComputing
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Formal factors

Functional factors

Media factors

Interactivity factors

@ Location : head, wrist, belt, arms, legs, back, finger, ears, .
& Materials : plastic, textile, leather, stone, jewel, metal, glass, etc

& |nput, output, memories, processing, networking, sensor devices I

& MMultimedia / Text
& Tactile, taste, smell
® Augmented media MR, AR, VR

#Context factors

* human-to-environment
¥ location, infout-door, ...

* machine-to-environment
¥ temperature, weather, light, ...

* human-to-human
¥  communication, collaborated work, ...

* human-to-machine
¥'User interface, bio monitoring, bio recognition, fingerprint
recognition, ..

* machine-to-machine
¥ image based sensing, RFID, middleware, ...

& Sensors
» GFS, gyro sensor, Gyro compass, .
» Camera, BEFID, IKE, pressure, light, time, ...
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Context awareness & Sensors

® Image based tag : ColorCode, Barcode, 2D codes
® Wireless tag : RFID, IR

® Movement : Gyro sensor

® Location : GPS

® Direction : Gyro compass

® Health : Blood, blood beat, syncope

® Pressure, temperature, light, sound sensors, ...

SONY Cybercode ColorCode™ Gyro sensor RFID
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Sensing Interface for Ubiquitous Computing S

Physical Space

BIO Information

Face Recognition

COLORCODE™ SRAYCODET .
Image based Sensor /BHD i .

i
Recognition - i
Sensors .

g : T Medical service
= Temperahure

= Pressure
= plc,

Haptic Service

Physical Media/Sensors Computing Devicesy

Services/Application B
Reader



Tag Interface for Ubiquitous Gomputing
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T

Model for Ubiquitous Computing

_

Cyber Space | i Physical Space
| Tag IF & Tangible IFF |
E
Mobicomp.
Applications <:} RFID 1
- :
Ubicomp. :
§ Services RFID n
-
Context
Awareness
Multimedia -
Contents
Image
Personalized Sensorn
Service
= GPS
AN y <[ 7\

Image A | : _ Smart Phone
Sensor 1 | S . - IMT 2000
/. :

[ Mobile Device :M/D ]

M/D1

- PDA with Wifi

M/Dn
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Concept of Tag interface

» Tag interface
— Bridge between physical world and cyber world
— Fast input, easiness
— Types
* Image based code: Barcode, 2D code
— Industrial area: logistics, POS
— Research area : Augmented reality, Mixed reality (WA, MIT, etc.)
+ Wireless tag: RFID, IR
— Industrial area : EPC Global ONS, U-ID
— Research area : Tangible interface, Smart It

» |gsUes

— Image based codes
+ Off-line based black & white code
* High cost special device: Reader, scanner
* 1D barcode: Cultural taboo

— RFID
* Privacy problem
+ High cost special device
+ Cost per chip
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Image based Sensor



Image based Code

Basic Structure

Feature

Comparison to
ColorCode

L

1D code consist of
humber, length and
thickness of bar

Dedicated reader
For logistics
Off-line code

1D code can hot be
connhected to internet
because 1D codeis a
local code.

1D code need high
pixels for recognition in
case of use of camera
for reader.

1D code heed macro
zoom lens.

2D code consists of
position of cells(2D).

Dedicated reader
For logistics
Off-line code

2D code can hot be
connhected to internet
because some of 2D
code is a local code.
2D code need high
pixels for recognition in
case of use of camera
for reader.

2D code need macro
zoom lens.
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= ColorCode consists of

color{1D) and position of
cells(2D).

General reader
B2C, B2B, B2G
On/Off-line code

ColorCode can be
expressed by various
materials with colors such
as print, color die, etc.
ColorCode can be
connhected globally
because it has been
originally developed as a
global code.

¥ ColorCode is a revolutionary solution to connect codes to information by reading the index code with camera.
¥ ColorCode is a next generation code that shows data using 4 colors {Red, Green, Blue, Black).
¥  ColorCode Includes the path of multimedia information.



Image based Codes
« Shapes

- 1D bar type: UPC, EAN, etc.
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- Matrix type : Code 1, Datacode, Sofrstrip, Vericode, etc.
- Multi-layer type : combining several 1D code - Code 49, Code 16K, PDF 417, Codablock

« Colors

- Black & White Codes
-ColorCode

« Encoded data

- Index type : On-line
-Full-text type : Off-line

PDF-417{Layer type)

On-line Code

cybercode

\Colorc ode CyberCode /

GO Code QRCode Code 16K




O0ff-Line Code: Structure of 2D Image Codes
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Stop Pattern
Right Row Indicator Column l

b

Trailing Quiet Zmel?’l

Code Alignment Pattems
— Start Pattemy/Stop Pattern
—  Left Bow Indicator Column
— Right Bow Indicator Colurnn

Data Area

- Stack / Laver type

— 1 symbol

* 4 barz+ 4 zpaces
= 17 modules

Data Encoding

— Compression

— Additive Emor Correction codes

= Olevels

*  Reed-Solomon Code

— Quiet Zone

“

" Pontian Detection
Patrerns

b
Separators for Position
Dietechon Patterns

1::""'Ii.'l.l:l.ij:@ Patterns

[—— Alignment Patterns
-~

b

Farmat Informatian

Verseon Infermation

[ Diata and Erroe

Carrection Codewerds

/s

N

Function

Panerns

Encoding
Region

Syl

Code Alignment Pattems
— 3 Finder Patterns (Position Detection Patterns)

— Timing Patterns
— Alignment Patterns

Function Pattems

— Format pattern

Mazk Pattem
Error Comection Level

— Mersion Pattem

- Data Area

- Matrix

type

— 1 symhbol: 8 modules

Data Encoding
— Additive Emor Correction codes

4 levelz B-S Code

Reed-Solomon Code for Data
BECH Code for Format & Yersion Information

Ref: “Information technology — Automatic identification and data capiure techniques — Bar code symbology — QR Code,” IS0O/EC18004, 15, June 2000
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On-Line Code: ColorCode

Structure # of ColorCode

data row parjties

++++++++++++++++ sgee¥ones ®Error detection

(3 typed parity)
= rowy parities,
= column parities,
= positioning cell

Color# » [ Row# X Column# - Parity & Error
Check Cell # + Extension Pattern # ]

Colors
A

#Rotation correction Columns
» Position detection only >
one positioning cell by
Inverse parity

Rows

column parities  positioning cell

Types
Type Syrmbol Application Size # of patterns m:
Bxb E: Human centered VS & B0 YV
GrayCode™ Interface : W:
bxh Hurnan centerad
ColorCode™ m Interface 5x5mm 17.2x1(F
i [ | H & & NNNNH AAAAS
o e Industrial Procuct ExBmm 23w 1012 m ®  HNNNNN AAAAA
GrayCode B 'H @@ NNNNN AAAAA
Ex8 Hurman centered || .- ® Egﬂnn Aﬂﬂﬁ
O 1o R i ExBmm 72x1018 9 ]
9x9 IPvE
ColorCocde™ . [ Future) Sx9rmim 3 w10




On-Line Code: ColorCode Services
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ColorCode™

Color Code Image Display

isit

Camer phone, PC with

Code ID

webcam, camera
embedded PDA

Contents

Digital contents

—

Image
Text

Sound.

g

{by Momura Research Institute, November 2001)

Control
URL
1D etc.

Server & DB

+ Paper
— Magazine
— Mews paper
— Fost
— Books
— Catalogue / Famphlet
— Adverisement in trains
* Display
- T
— Monitor

— Color LCD dizplay at mabile
devices

+ POP/Signboard

+ Packing
— Labkel
— Title back on CDADYD
— Books
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Application based Service Architecture of On-line tags :

Gy control /W ID range {Mega volume Unit)
JP]% [ Root Server ] > % [ 1
ColorCode ID 4 p
VAl 3

Packet ‘“7

[ CZGW.

GW Dala Base

= Mega—volume { Sub—level PF ID Range )
4 = Other Data Basze
[ End User] Routing
U-Campus Platform Platform A

B o
g‘ [ ColorCode Mapping Se 1 [ ColorCode Mapping Se 1

| B o _

" [ Management L_,% L Nitorsti Baser] [ Management F=<awe,

ResoIving {r=sseeevue..,... / \ \
!

[ Information Data Base |

!
.—:ﬁ -_ -_ i ColorCode Data Base Stuciure -_ ™
[ U-Mes=aging] [U-Profie] [U-Tour] [ Application 4]
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Application based Server System Architecture

CZGC
‘Management system
Mega-volume Handling
CZPF
‘Management system
f/_ CZBPF \'
Management DB
= Code Mapping system

= g
- | e, 2 5 £
ﬁ 5 = Information Data Base system e, 5 g‘
5 "
28] e 5" g E AEIE
E = = = 5 Issuing system Registering system || Generating system E E E

45
S|EIEl2]8]2

b= E Issuing API Registering API Generating API .g
G & o e :
=] b oa] je T =]
e = CZEPF - g
A 2 5

: o P
o e g URL Module Messaging Module PIMS Module “ 5

Switching system E E

¥ g URL PF API Messaging PF API PIMS PF API
b 2

Application service management system S;&p?hc:;;l:;lm




General Code Comparison

ColorCode has unmatched excellence over other 2D codes in use and design with low investment.

Code

Code Type

Device

Strategic
Parmers

ColorZip Media

{Korea)

Color f Grey Code

i i

* On-line Code

= PC Camera

= PDA

= Camera Mobile Phone
= General Reader

= SKT Nate Code
= KT IMT 2000
= LG Telecom
= Ma=il Business

Newspaper

» Samsung Elec.
= AniArt Edu.com
= Toyota Group

» Good Design
= Extendibility
« Low cost for device

design

« Small decoding module
= Flexible Platform

DENSO
{Japan)

GR Code

=5

= Off-line Code

« Special Scanner
« Camera Decoder

« Toyota Tsusho
« Toyota Motor

= Direct Data Storage
« Error Cotrection
« High speed recognition

Symbol Technology

(USA)

PDF-417

[

= Or-line Code

« Special Scanner

- Symbol Tech.

= Direct Data Storage
« Error Correction
« High speed recognition
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Sony
{Japan)

CyberCode

yhercode

= Or-line Code

= PC Camera

= Only Sony "Waio" Note PC

« High speed recognition



General Code Comparison

Convenient
recognition

Type of reading
terminal

Terminal load

Communication
ehvironment

Issuance cost
Yolume of
information
Mumber of

patterns

Type of media
Convenient

distribution

Existence of
centers

ColorCode

Easily recognized with CCD camera of
100,000 picture elements or more

Easily Anything possible of it satisfies
CCD camera + network connection

Low load

Necessary / Unhecessary
{depending on usage)

Low

Since centers have it, there is no limit

17 billion (but, extendable)

Anything possible if there is over certain

number of colors
Distributable through prints

Necessary / Unhecessary
{depending on usage)

BarCode

Dedicated reader is required

Dedicated reader is required

High load

Unnecessary

Lo

Fractically, about 100 bit

Yaries depending on size

Anything possinle if there is over a
certain nurmber of dots

Distributahle through prints

Unnecessary

(O ) Ralilu keism|
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RF Tag

Dedicated reader is required,
reading distance is impoartant

Dedicated reader is required
High load

MNecessary

High

128 hit

105

Since it's physical media, it is
confined to tags

Necessary
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Case Studies:

UTOPIA Project in Korea
International Project in Japan



UTOPIA Project

3} 14| LY 2kl

¥ YOMNSEI UNIVERSITY

Ubiquitous TOwn Project : Intelligent context Awareness

« Making new interface & service concepts for efficient interaction

« Providing human-centered interaction in ubiquitous computing environment

« UTOPIA Team in Yonsei University

2003-2004

U-Cam pus
[Ubiquitous computing Campus)

= - Messaging
= U-Profile
= U-Event
= U-Tour Guide
= Tag- Interface

2004-2005

= U-Museum

= U-Restaurant

= - Theme Park

= Ambient Awareness

* LBS {Location Based Service)

.\ Se i[:e )

2006

'|qﬁﬁu|.i§ ;[:i:l.Tputing City)

= Ambient Information
= Intelligence

= Glohal Access

= U-Govemment

= UL ogistic

U-Local
Community
Service

Mulimedia Message)
Visioms lE Mamgement

Nulimedia Message)
Visioms E Mamgement
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Paradigm of UTOPIA

Culture-driven UTOPIA technologies
support Dream Society

SOCIETY

«Fashion f Arts
«Entertainment
«Information Service

+Region : Town, City, Country
+Age Group f Gender
«Security/PrivacyfLegal Issues

TECHNOLOGY

«Sensor : RFID, Image Sensor, GPS
«Device : Smart Phone, 2.5G, 3G Phone, PDA
«Network : WLAN, WCDMA, GSM
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i i @) Mot
Supporting Technologies for UTOPIA

Sensor Hetwork: Scennztflfe Wearable
fac HE Service Framewo R LEer

Entertainment

RFID >
Image sensor

ﬂ -l U-Campus / U-Town

Experiment R B
Eth Application Ser §mart Phone
approach

U-Ware Evaluatl Service Platform Mobile Hetwnrk

® Why U-Campus?
= Area within limits . observable, testable space
= User's characteristics : homogeneous(professors, students, and staffs of campus)
= Easy to specify services : simple, extendable and expansible but various applications
= Infrastructure : IT environment, technical supporting, collaborative working

= Liberal and judicial mind in new applications, experiments and evaluations 55
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U-Campus Tour i
Guide Service

2
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VIDEO

U-campus. mpg

24
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U-Profile Service

® U-Profile
»  |mage sensor{Color Code) based PIMS
»  Device : PDA with a built-in camera and COMA module
»  Physical media : Name card, |ID card

® Applications
»  Automatic recognition and saving personal information
s Data are exchangeable with any PDAs and PCs using MS Windows compatible
»  Textinformation : Name, Address, -
»  Sending E-mail / Phone service / Webpage access / Individual video streaming

U-Profile Services
Profile D/B

Cyber Space Physical Space

* Text information + Tag Interface T Fedd Only
« hultimedia information - |mage Sensor

» Automatic PIMS Pe al — REID(future) Image based
« Location-Based rma Sensor

Information (future) Service Mame card, ID card ] T
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U-Profile Service : Scenario b
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PO Guent Cack. of Ciorp, s Saln

Al B ; L]
Nam-Kyu Lea

Personal video

Webepage & J

Scan ColorCode

.ina name card

...................................... \ ma n"c Mﬂ tmg

Scanning code i 0 . ‘ & saving Personal Inf. J

)

Personal Information

26
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U-Messaging Service

® U-Messaging
r Messaging within image sensor{Color Code)
» Device @ PDA with a built=in camera, COMA module and wvoice recorder

» Physical media @ MName plate, Office door

® Application
n Visitor @ Sending text message / multimedia message
» Officer @ Visitor information management

U-Messaging Service

Physical Space I

*Tag Interface
- lmage Sensor

Message D/B
A

Cyber Space | T

s VVizitor Information
s Text, Multimedia

o Image
hMessages RFID{future) b Read / Write
Office door Sensor

Mame Board

\

27
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U_Messaglng serUIGe : scenano 'runs;nunmr.:.njv

Voice Message

Scanning an name plate using Sending text f voice message Retrieving voice and text information
ColorCode through email.

28
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U-Campus Tour Guide Service

® U-Campus Tour Guide

» Campus guide within image sensor{Color Code]

» Device @ PDA with built-in a camera, COMA module and browser

» Physical media @ FPamphlet, Tour Guide map, Building, Bulletin board,...
® Application

» Tour Guide / Location map

» Multimedia information for the building and campus

= HTML

U-Campus Tour Guide

<i> Physical Space |

e Text, Multimedia *Tag Interface
Contents ; - lmage Sensor
e hdap Information Contenty Service - RFID{future)

Map rvice P i
Tour Guide

Bulletin Board

/ \ Building )
TG D o

Cyber Space

U-Campus
0/B

Image bazed Read Only
Sensor

)
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U-Campus Tour Guide Service : Scenario

105K, Und = )

1 Hall of Yonsei Un

=

*=++  Scanning & Information |

Digital Map & Text 30
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U-Campus Platform

® Mobile device

= Camera, CDMA module, Voice recorder, Text input device, Image sensor recognition SAN
® Server

= ColorCode Manager

= Service Manager

» Database : contents database & ColorCode database

: : Server
Mobile Device el S o — e e
e ‘_.x‘ o ColorCode Manager
e ColorCodelD e Service Type C_nlanndJe
check —
Service type Setvice i TSR
identifier dpphearion | || | RS | | EEEERESCENIRES | .........................................................
L S —
T _ F - CDB{I‘& Service Manager | Datahase
interface Service
ColorCode Provider U-Profile i g
Decoder U-dessaging ianaeer Profile
? interface —_—
B
= T o U-Messaging |
s Chaid g Iiessage
ColorCod - Prafile Ianager
LA interface : e
HThAL !
* J-Campus i—
Image Tour Cunde il
Y Manager S

CaolorCade
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Phase I: U-Town Project (2004 - Current] o et

Ubiquitous Computing Environmental Town

-
........

"""'-- -

U-Elderly Care
Service
Futur

-
At
i =
. nn®
......

U-Government
Service
(Future)

'PDA, Smart Phone l_ (future)

E U-Amusement
5, Park J

3
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U-Hestaurant Service

Restaurant Menu Service

® Application :
Showing the wvarious menu information for foreigner, vegetarian in the Bestaurant

Recognize restaurant’s menu code 1. Reading the restaurant’s menu code

}

2. Showing the selected food information

food

Korean Japanese Chinese
; food

food

802.11b
Wireless

Lan Module
., Restaurant Area "'

3. Information for Vegetarian, foreigner

Multi-Language Menu Vegetarian, Religious Belief |

33



U-Hestaurant Service
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Integrated Menu Information

=t =1 Hamo T Hs

H ks

24 4 Lunch Sea (12500 = 14:001
it

4 sl

B intemet Bplore @@ 7 g 54

LTIE-L

L

- 23 EHEER.
- 8,0003200g

FEERN
- EEER,

g -3S0E

0 EN

S rremet Bploe G0 T 45522 €3

LEEAA IEES

sawB50 a

W57 ¢ aon  Ee

W5 ¢ NEnn =

- £4 SN F40t o pas
DRHZH & SR AT HIEILIC
AT SAR ZELITL

g i
Z=thl ] (280 -

.-Eii'llr::ew'er. Explare g T £ 507 €9

LEEWA 3

[ER=nE] |EEE

EEGEE [ 8 &

saw8500 20200 s

IEF ¢ fgo® Bl

WIER 4 HA0R @Ak

34
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U-Hestaurant Service

Multi-Language Menu

-‘_‘:f Interret Explore @ ¥ 4% 5:25 fa

& 2 A - . N -
=-;i . izl Ayinegared rice delicacies @ 2=
= Mankis crab =
o |
8 e [~ dEious b,
| |-
R, - 1.4%
= "
'
e A =] Al B - Bsalmon 2 5
- s SREE ALEOhg AT o SERL{TEFERERBLLE
OFFA2H &H =S A HEELICE o ‘-\ L bk Al hAac b ES
- £ZQLEHN EAS ZaLICH l&u . | - R AR S DBFEES
- 7K : 7,000 L - &P id £ - (B8 : 3,000 4 >
L Belgices Incamgpebhle 5
\egetarian Food
[==501 ] [ #2850 | - Eood . [Exlmal =
22 ¢ QA0 H- R EREI=E 253 ¢ DR HEe
Vegetarian, Religious Belief
_ﬁ?ifr'ﬂ.:ﬂn et Explarer ) T < 506 9 _:ii:r?!ir'ul.-slr];-t Explare @@ T #£ 520 ﬁ
Ayinegared rice delicacies |
L A B Mantis crab
o e vegetaian | [o
‘\_\ i T
|
F. BSamon
i o vegetain
o R i
5 : Cudar
- 5.54/2000
e BFork cutet
B Avegeraian
o erark o e o
s - 2% F
B 53 ¢ &30 E|‘ Cr == Rk E|‘

38
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U-Museum Guide Service

U-Museum Service

® Korea National Science Museum
Froviding multimedia information of the memaorials




p SIAICH S ul

o YONSEI UNIVERMITY

U-Museum Guide Service: Scenario

FPDA GUIDE

K.orea National
Science Museum

37
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VIDEO

Museum. mpg
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U-Theme Park Service(2005 ~ )

Location Information
Service

Tl &

[ show Recommended Path
[ show Buddies

tracing current location
of the user using GP5

Show Recommended Path
Show Buddies

o el T T T -ql"*-_'-;_‘..-"."!,_‘

o

E=timnated waiting timea

tracing location of
family members or friends

R

2

retl:ieuing information of
various rides and events

DA

Tour Path Recommendation
Service

._‘. ._...1 el

[+] show Recommended Path
Show Euddies

e nE]

recommending a optimized
tour path according to
user's preference

"4

33
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Japan: Harajuku Project [2002]

ColorCode Field Test in JAPAN

» Harajuku, Japan
» ColorCode field Test(2002.12)
= Experiment for Image based ColorCode recognition with Mobile phone

* International Cooperative works
=» Media system Lab., Dept. of Computer Science at Yonsei Univ. in Korea

= ColorZip Media Inc. in Korea
= Toyota Motor / Toyota Tsusho f TWN f CASIO f KDDlfau

Mobile device within mw
: P

L0
I <@ { Mobile Carrier !

b } o networlk
ColorCode
SErver A
< |_||_k code—URL mapping)
Server B{contents)
Support ColorCode Mobile Device Server A ServerB
Media Lab.

Company s TOYOTA TOYOTA TWN

TOYOTA A0
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ColorZip Japan

« International Collaborative Works
= Image based Codes
= Media System Lab., Dept. of Computer Science at Yonsei Univ.
= ColorZip Media Inc, ColorZip Technology Inc. in Korea
= ColorZip Japan

« Colorzip Japan to develop TV applications with Fuji TV and TBS
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VIDEO

Japan.mpg
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Conclusions
&
Future Works

43
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Off-line code vs. On-line Code

Participants Needs Off-line code On-line code

MEasy to use
@DesignablePretty
@Recognition

User @Ubiguitous device

@ Lo price
Ehdanyhew application

b O[> [ =L
CoooooO

@CRM database
Code Company ®Easy to build new business model
@Ownership/Barrier to competitor

@DesignablePretty

: ; f@Easy to applyimanage

Offline media Mo special printing devicefpaper
@ Low costlLow price

OO | =

MEasy to use

@Recognition

Device Manufacturer @l biguitous code

®Low cost/price

BL ow resource’additional hardware

co=oo| Pooo| oo0

e O [

#Data traffic

: @ CRM Database

Carrier ®@HNew application driven
@ Lo costiprice

D e ml el

@Ubiquitous device

. @ User trends
Contents Provider TICRM databasze

@ o costiprice

Po=o| PPooO

oo

44



IBC{Image based Code)

Category Characteristics BHD
2D BAW Code ColorCode™
Technical Distancs for CF133.2kHz15m AHFE 1358 MHz 1. 0m
Aspects P Frosimity Frowimity IHY 888 hHz CELD 0 O.8m AUHY 915 MHz (UJS) : 3m
bdity' 2 45 GHz (ELD @ 0.5 m/dW 2,45 GHz (US) 1 2.0m
On Faper Easy Easy Label typed on a thick paper (= 80 um)
Colors Black / White Colors / Gravs -
30~9Kbyvtes
; Abhove 478 cases
Cata capacity (c}iemend on code Eaha e dbess 12bwtes ~ 10kbwies
size)
Distribution {copy) Easw Easw Difficult
Ciurakbility
(Temperature, Impact, Depend on media Depend on media Fobust
humidity)
Life—time Cepend on media Cepend on media Semi—-permanent
. Fublic camera on ,
Feaders Special Reader PDA, Phone and PC Special Beader
Design Lesthetics Bad Good Invisible
Becognition | Speed Sl Slow Yery fast
Fenetration Transparent media Transparent media Mo metals
Interference {Light, ; ; :
Bade o Infected by light Infected by light Infected by radio wave
Inference (tag, reader) | No No Multiple tags
Characteristi | Frice Loy biddle High
& Feading Manual/Auto Manual/Auto Auto

Automatic tag
Discovery No No Yes
Deli\:fery with electronic B Elma Eaie Eirmal Otk Bhysical
media
Reusing (changing Impossible Changing on D/B RFID Wiiter /7 Rewritable RFID

contents)
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~ Future Codes I : Design—friendly Image based Code

« Flexibility in design
« Media friendly codes for everything in daily life

« Adaptable extra visual information
— Character/image/Photos

« Information-density: # of colors, grays, patterns and/or symbols

UMICLIELY

Singapore
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 Future Codes Il : Multi-Layer code

« Multi-Layer Code
— Integration several codes

— Multiple data types

+ |ndex data + Direct typed data

+ Index data + Index data

+ Direct typed data + Direct typed data
— Various typed services

+ On-line + Off-line

+  Security

or

or

Service control Information
Control Ermmor control information
—M Ermor Comection
Alignment

Multi-Layer -
Code
Information

Encoding
{Synthesis) 47
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Thank You!



