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ITU-TICHEIFDLEXF Y AR Y N T7—7BE(LDRIE

2005 2006 2007 2008 2009 2010 2011
Phase 0: {Z%£ Phase 1: 3Rk E4 &
(AR DERY T—FTIFv Phase 2: XK (IDEIDERZONIIL)
N 0)_1"L75J:b“‘ 4‘ F. 771: Service H.IDscheme: ID Code Scheme
JCAGXIL, description and H.IRP: ID Resolution Protocol
SG13, 16, 17 H. 621: System H.RA: ID Registration Authority
DONWIIRE Architecture

Consent on

May 2008

EFRMREC D HICREBREEREANEFDOHRE

SCOPE >

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 4



YRPAEXH R « 2y K T—F >V IR

YRP Ubiquitous Networking Laboratory

ulD 7’ —% 757 F v &2
ulD Architecture Standard
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Ubiquitous ID Architecture

Resolution
Server
context information

(Address of Application
Information Server)

ucode, context

ucodeETa/g/////// f

ucR
Database

for Objects

The Internet

(1) : i ucode, Information Services
. context
User Terminal
Application
ucode Tag Information
for Locations

Server

Workflow

(1) User terminal obtains ucode from ucode tags

(2) User terminal retrieves context-information including address information of Application Information Server
(3) User terminal receives context-aware information services from application information servers

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 6
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ucode

B Definition
» What is ucode?

0 Numbering scheme to identify that “one object is different from another object.”
0 Numbering scheme to identify objects, places, and concepts as sole thing.

» The name of “ucode” comes from
0 “unique, uniform, and universal id-code used for ubiquitous computing.

» Classification of ucode
0 Physical ucode: identifies tangible objects
0 Logical ucode: identifies intangible objects
B Features

» Fixed length: 128-bit length code
[0 2128 = 3.4x1038 (340,282,366,920,938,463,463,374,607,431,768,211,456)
0 The code can also be extended in 128 bits units.

» Able to identify individual “things”
» Tag-agnostic

0 Barcode, 2D barcode, passive RFID, active RFID, IR beacon, ...
» Can be issued by anyone

0 Decentralized governance
» The ucode number itself contains no semantic information
» Possible to embed existing codes

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 7
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ucode: Numbering Structure

versionTLDc CC

(4 bits) (16 bits) (4 bits) >LDc ic
( \( A AY4 A N A AY4 A A
ver. | TLDc cC SLDc (variable) ic (variable)

name meaning

version Indicating the version of ucode

TLDc: Top Level Domain Code Upper level domain code

cc: Class Code Specifying the boundary of SLDc and ic
SLDc: Second Level Domain Code Lower level domain code

ic: Identification Code Rest field of ucode

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved.
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ucode Relation Model (Definition)

B ucR (ucode Relation) Model is a representation model of real-world
context in which information on real-world object, place, and concept are
modeled as a collection of triples of ucodes and atoms.

B ucR is a kind of three-valued logics based on the ontology model.

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 9
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UCR unit
subject ucode J { relation ucode object ucode
subject ucode } { relation ucode atom

B UCR unitis defined as the following triple
» A triple of ucodes = (ucode, relation ucode, ucode)

» A pair of ucodes and an atom = (ucode, relation ucode, atom)

B UCR unitis the basic unit for describing real-world context information.

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved.
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ucR units: Examples

“Delicious Tea”

Location
Pl

Brand Name

Adjacent Location P,

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 11
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ID Resolution

ucodefRERD
0x0-0001-c-00000000000003-0123456789ab X
> vers.(4) TLDc (16) cc (4) SLDc (56) ic (48)
<— T ——— TN i 0x0 | Ox0001 | Oxi#t | Oxiisussssniiss OxHEHHHHHHHHH
A\ J
'

L’ ucodeRS for TLD 0x0001D 7KL R

) ucodefi# RERQ
0x0-0001-c-00000000000003-0123456789ab ,
> vers.(4) TLDc (16) cc (4) SLDc (56) ic (48)
< ucodeRS
ucodeRS for SLD 0x00... 030 FEL X for TLD 0x0001 0x0 0x0001 Oxc 0x00000000000003 OxHHHHHHHHHHHH
A\ J
~
L’ ucodeRsS for SLD 0x00....03MD 7KL R
ucodefIRER®Q
0x0-0001-c-00000000000003-0123456789ab vers.(4) TLDc(16)  cc(4) SLDc (56) ic (48)
> ucodeRS
< e 0x0 | 0x0001 | Oxc | 0x00000000000003 | 0x0123456789ab
TV a Y — =~ DY < y
http://demo.demo.org/query.cgi& '

ucode=0x0-0001-c-00000000000003-0123456789ab R .
TIVr—av iRy ——~DI Y
http://demo.demo.org/query.cgi&
ucode=0x0-0001-c-00000000000003-0123456789ab

(C) 2011 Ubiquitous ID Center, All Rights Reserved. 12
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Ex: Location-aware Resolution

(Please tell me the name of shops )
around here

SELECT ?y WHERE {
?this ucode:nearestShop ?x .
?x ucode:name ?y .

\_ }

ucode

(5% - KoMg<—7 ucode Resolution
ucode:pointA=0x00001001 Server with ucR

Y -
oy,
B

.
- h

\

ucodex s

T (EL-1@2Y) There are
| Q xyzMusic
and

“abcDepartment Store”
around here.

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 13
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Hourglass model of ulD Architecture

Applications and services

Location-aware information services  Supply Chain Management Food Traceability
Product Certification Logistics Certification  e-health Smart Grid
Smart House, Smart Building Critical Infrastructure Management

Simple Context
(Single Term Description)

Complex Context
(Triple Term Description)

Context Representation Layer - u COd e u C R

Sensor Network Techs. Auto ID Techs. User Terminals Networks
Sensor Network Passive RFIDs  Smart Cards Mobile Phones PDAs TCP/IP IPv6
Active RFIDs Barcodes Smart Phones PCs 3G, 4G Mobile Phone Networks
IR Beacons 2D Barcodes e-Book Terminals NGN  Overlay Networks
RF Beacons Pad Computers WLANS ...

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 14
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What are standardized ? What are NOT?

Standardized NOT

B |Ds for real-world entities B Tags (RFIDs, barcodes, ...)
» ucode » Any tags can be used

B Context representation format » Tag-agnostic architecture
» ucode Relation (ucR) B Application service protocol

B Service Finding Protocols » Any applications and services
» ucode Resolution Protocol can be used.

v

B All standard documents can be
obtained from the following web
page:

» http://www.uidcenter.org/

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved.
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B Noboru Koshizuka, and Ken
Sakamura: “Ubiquitous ID:
Standards for Ubiquitous
Computing and the Internet of
Things”, IEEE Pervasive
Computing, Vol. 9, No. 4, Oct.-
Nov., 2010, pp. 98-101.

» Published by the latest IEEE
Pervasive Computing

Magazine.
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Standards & Emerging Technologies ™"

Editor: Sumi Helal

Ubiquitous ID:

Standards for Ubiquitous Computing
and the Internet of Things

Noboru Koshizuka and Ken Sakamura

I n ubiquitous computing envi-
ronments, many tiny computers
cooperate, adapting their behaviors
according to real-world contexts to
provide flexible information services.
These information services can’t be
realized without technology standard-
ization in a broad area.
Standardization for ubiquitous com-
puting technologies initially involved
the TRON (The Real-Time Operat-
ing System Nucleus) Project,! which
started in 1984 and proposed the

Ubiquitous ID:

Standards for Ubiquitous Computing
and the Internet of Things

Noboru Koshizuka and Ken Sakamura

ubiquitous computing envi-

tical areas, such as tourist information
services, pedestrian navigation for
the physically challenged, and food-
tracking services for food safety.* In
recent years, its use has expanded to
broader application areas, such as edu-
cation,® medication support in hospi-
tals, industrial product traceability,
and product qualification.

Figure 1 shows some example appli-
cations. We discuss the architecture in
more detail later.

tical areas, such as tourist information  already developed

University of Florida helal@cise.ufl.edu

already developed by organizations
such as the ISO, ITU, and IEEE.

The Hourglass Model
of Technology Standards
Generally speaking, we shouldn’t
define unnecessary standards when
building new information services and
applications because they can interfere
with efforts to adopt future technol-
ogy innovations and meet application
needs. The Internet was standardized
on the belief that its essential feature
. guarantee end-to-end message
lability. So, it specifies only a sin-
3 protocol standard (IP address
[P protocol) and allows various
bcols in upper and lower layers.
is sometimes called an hourglass
2l because the shape of the Inter-
rotocol stack looks like an hour-
- the upper and lower layers are
and get squeezed in the middle
3. Let’s explore how this model
2s to ubiquitous computing.

lext Awareness

veloping the hourglass model for
quitous computing standard, we
to explore the essence of ubiqui-
computing technology—context
eness—so that we can define the
slass’s waist. So, the central point
1ID standard should be a context-

1ments, many tiny computers services, pedestrian navigation for such as the ISO, ITU

3 PPN : P ‘ . L e computing mechanism—some-
:rate, adapting their behaviors the physically gha‘llen-ged, an‘d food { that no international standard
ding to real-world contexts to tracking services for food safety. In  The Hourglass Mo pecified to date.

. . . ‘. N ) . us, we need to answer the question,
de flexible information services. recent years, its use has expanded to  of Technology Sta at s context awareness?” A typi-
: information services can’t be  broader application areas, such as edu- Generally speakir
ed without technology standard- ~ cation,’ medication support in hospi-  define unnecessary
tals. industrial product traceabilitv.  buildine new inforn

EECS m 1536-1268/10/$26.00 © 2010 IEEE
nin a broad area.
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E PRIEXE{ L A D HUHE M
International Standardization
Activities
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Standardization Issues in ITU-T in Relation with Ubiquitous Networks

B Study Group 16 “Multimedia and New Applications”
» Chair: Mr. Naito (Japan)

~

B Networked ID (Q21, 22/SG16)

» “Multimedia information accessing services and applications triggered by
tag-based 1dentification”

» Main Contributors: Japan

B Visual Surveillance (Q21, 22/SG16)
» Main Contributors: China

B Ubiquitous Sensor Networks (Q25/5G16)
» Mail Contributors: Korea

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 18
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Standardization on Networked ID in SG16, ITU-T

m |TU-T Rec. F.771 Requirement standard

» Formal Title: “Service description and requirements for multimedia
information access triggered by tag-based identification”

» Editor: Y. Takashima (YRP UNL, Japan)

B |ITU-T Rec. H.621 Architecture standard

» Formal Title: “Tag-based ID triggered multimedia information access
system architecture”

» Editor: Y. Takashima (YRP UNL, Japan)

~

B Approved in August, 2008

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 19
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F.771: b —E XSk & EREH

m Y18V (325

» Service description and requirements for multimedia information access
triggered by tag-based 1dentification

m Y14 M (HAEE
» (RFID %®D) % JTEHDOwmiAAZ Z > E L THRIEINSGEE AT 4
TR —EADDD ¥ —E Ak & BRELT:
" IFq%
» Yoichi Takashima (YRP UNL)
» Jun Soeb Lee (ETRI, Korea)

BRI
» 2008%E5)H] (consent) . 2008%E8H (BROT)

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 20
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H.621: P—% T U F v

m Y1 NIV (REE
» Tag-based ID triggered multimedia information access system architecture
m Y14 ML (BAEE
» (RFID %®) (RFID 35D) % J{HiDwiics %z Z >3 & LTRSS
BBOAT 4 TS AT LT —% 72 F %
mIFq%Y
» Yoichi Takashima (YRP UNL)
» Jun Soeb Lee (ETRI, Korea)
_ A
» 2008%:5H (consent) . 2008%:8H (W37)

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 21
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ITU H.621 Architecture Based on ulD Architecture

Ubiquitous ucode
ucode tag Communicator resolution
jt \ / server
\ Narrow Area . Wide Area Public ID Resolution
ID Communication ID Terminal Communication Function
B + R vereeeeeereeeenereee e e aaeeeneaaas
Identifier | : ID Tag | Service Broker
. DT : RwW Service Broker  *
ag . Protocol
: Communication .
eeeeees ProtQGQleeeesss?
Multimedia :
Informatlon I ID Resolver
Discovery . .
Function : ID Resolution
H Protocol
: Multimedia Information
¢ Delivering Function
Service Broker
Protocol
| Service Broker
|
Multmedia) | : Multimedia
nformation N | H Inf N q q q q
: : — nformation Application information
Handling : : Manager
Functi . Multimedia :
dncton : Information Delivery ¢ server
LN Protocoleeeeeeesd : |
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Standardization on Networked ID in SG16, ITU-T

B H.IDscheme: ID Standard

» Formal Title: “ID schemes for multimedia information access triggered by
tag-based 1dentification”

» Editor: N. Koshizuka (YRP UNL, Japan), J. Lee (ETRI, Korea)
» Current draft adopts “ucode”

B H.IRP: Service Finding Protocol Standard

» Formal Title: “ID resolution protocols for multimedia information access
triggered by tag-based i1dentification”

» Editor: N. Koshizuka (YRP UNL, Japan), J. Lee (ETRI, Korea)

~

B Work in progress

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 23
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H.IDscheme

m Y18V (325

» ID schemes for multimedia information access triggered by tag-based
1dentification

B Y18 (H&EE

» (RFID Z%®D) # 7EHDHIAAZZ>NITE LTIREINIEBEA T4
TIEHRT—EADEDHD ID AF— L4

B IFqY
» Noboru Koshizuka (YRP UNL)
» Jun Soeb Lee (ETRI, Korea)

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved. 24
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H.IRP

m Y18V (325

» ID resolution protocols for multimedia information access triggered by tag-
based identification

B Y18 (H&EE

» (RFID Z%®D) # 7EHDHIAAZZ>NITE LTIREINIEBEA T4
T —EADdD 1D ik 7a b an

B IFqY
» Noboru Koshizuka (YRP UNL)
» Jun Soeb Lee (ETRI, Korea)
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AREEDMRRFE
R&D Results of this Project
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EHY % 3ERDHEHEERE

B Y DOHEERM
> EFFEHEDRFID Y 712, ucodeZ ik d 5 S5k

B IDEHRZ7O0MJIOEEERMY
» ucode? 6 BT A{HFHANDRAL, V22O BT 7u ban

B EVYTav VA RUEFRERT—5F OHAEERME

» L€/ OEEAGGE (RIFERFE T, FRHSEiomtEididic
HH)
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57 DHEERME

IDs Tags

| AERT
LE

using
OID<and AFI

(& =
--ﬁzmgu&-- NEC )
ISO/IEC 18092, 21481J

\

. SmartCard

. ISO/IEC 7816, 1444SJ
Barcode )
Code 128 )
2D Code A

ISO/IEC 18092
(QR Code) )
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IDEE RO )L

m IDEERZONIIL
» Key (= input): ID, Context Data
» Value (= output): Pointer/Address of Information/Services

4

B IDEERZONJIDIESE

» Simple Key-Value#!
O key& LT, ID (&Attribute) OHZEZ S
O WokwadFs LI M) —ERR
O EHEEOELET7ONIJILLEREINRTVWS,

» Semantic Database’{
[0 RDF Query® & Slc, HFETF—IR—ARFEDI TV EULTEITTS
O #E3L U ERRREE AR L
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IDERR 70~ JILDOHEHEERME

—

ucode Resolution Protocol

ITU-T
H.IRP

ITU-T X.672, ISO/IEC 29168-1

\og

ISO/IEC 29177

L g

\og

User

ID Resolution

N

Terminal

ONS: Object Naming Service, EPCGlobal GS1

L g

Server

X. 500 or LDAP (RFC 4516) —based Protocol

(C) 2011 YRP Ubiquitous Networking Laboratory, All Rights Reserved.
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Protocol

X. 500
LDAP
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YTy VA RitRElT—5 OHEEERME
FIC. . BFR RO OME EEA %

Coordination Method
ISO 19111

ucR Geographic ldentifier Method

ucode Relation ISO 19112

Pl: Place Identifier
ISO/DIS 19155
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Current Status of International
Standardization in ITU-T
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PRIRELEEN DR

ISO/IEC JTC1/SC31 WG6 “Mobile RFID”MDHX#HM & DEH#E

P BT EGD K ) ZimAkZ2flio T, RFID»GIE#HZmAL L. Z DN
Zb IRy P =2y — A2 Z TS 72D DERAERIG

» ITU-TICE T A AL ORISR EZ 7205, Bilohrd b7-0, digET 3 2
EBRDBEDD -7,

\ 4

p IGELTE Sk E3NEL I 5 TR g I

¥

EEDIRIK
» ID Scheme

O ISO/IECHI & ITUlDscopeh’BZx B fcsd. IDDILELIE LWL
» ID Resolution Protocol

O FMHNICEBEDEDTHIN—TESH. DNSR—AO7ORIITIAEVTFH
AMETS
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FEHESEDER
Summary and Future Works
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XEHLESGERDFEE

mXEH

> Bd 5 R EIEE ARG & oM IR B R, IEE
O {hiZEEIRIR & OEHEITEREF
O FRIERIC B HERERIIC B BRIR
» scopeDWIFEFHFEIN DS, EIEREERUS D EAMREAT T DBeEl 2 Y727
O FICHBEBEDIN—TFTFAM AUV TWBARRZERMTHICTRUES EI>FKE WV,
> HANA = 7F 7% & o> T, [FEFEFEHE(L 2 HEE
O IRTE. IDEIDARRZO N DI DFERBICOVWTIE. TR F 7 MERFEIC

B SiE0DFRE
> ITU-TOEBFEHED KAV, (H.IDscheme, H.IRP. H.RA)
O BlFniE. kESG162E (2011F11~128)
» ucRD[EI B EEHEAL
O EEMNICH. COERD DIERELITFOHIIREE
O [SRFEEERBOHICIE. RARRIELERE
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BRRY XK
List of Works
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ZEJYA K

B HIRE FI37EHRITURSE - EEEREIERE, 20095F5H.

B Best Paper Award, The 34th Annual IEEE Computer Software and
Application Conference (COMPSAC 2010), July 2010.
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MEFRKRIYZADN (FRi20~225FEE)

B FEX
» Yukihiko Shigesada, Shinsuke Kobayashi, Noboru Koshizuka, Ken

Sakamura: “ucR Based Interoperable Spatial Information Model for

Realizing Ubiquitous Spatial Infrastructure,” in Proc. 34th Annual IEEE
Computer Software and Application Conference (COMPSAC2010), July

19, 2010, Best Paper Award.

» Shinsuke Kobayashi, Yukihiko Shigesada, Noboru Koshizuka, and Ken

Sakamura: “Interoperable Spatial Information System Architecture Based
on Ubiquitous ID Infrastructure,” in Proc. 4th IEEE International
Workshop on Service Science and Systems (SSS2011) .

» Yukihiko Shigesada, Shinsuke Kobayashi, Noboru Koshizuka, and Ken

Sakamura: “Interoperable Spatial Information Model and Design
Environment Based on ucR Technology,” IEEE Transactions on Computer,
in submitting.

m =5

b EE : T2 X & AIDR Y —DFHh L iGE, |, RFID % 7 O BdFHEii
I (SRR , >—T L3 —HR, 20094E, pp. 211~2109.
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OSEFRRV AN (FRR20FEE)

NoboruKoshizuka: “UbiquitousID Architecture: Its Technologies and

Applications”, Panel Sesion#2 “Can smart cards and tags create Ubiquitous

Network Society?”, the 8th IFIP Conference on e-Business, e-Services, and

e-Society (I3E 2008) , Tokyo, Sept. 24-26, 2008.

Noboru Koshizuka: “Ubiquitous Computing Technologies for Product

Qualification”, Workshop on Identification of Automation Components,

Karlsruhe, Germany, Oct. 27, 2008

¥Eﬁ)ﬁmﬁ: “I& U & TD ucode”, TRONSHOW 2009 (RFR)(2008 & 12 A 10

I%**Eiaﬁi ‘ucode %Z RFID TfES”, TRONSHOW 2009 (BE#)(2008 4 12
11

MERE, BAEE. "ucode HEEI AT LDIART”, TRONSHOW 2009

(5R7)(2008 £ 12 H12 H) ‘

MRS, “1EX5 2 D KTOEREE{. (Y ROF I a7, IKF

Ity y TEUIEXY X ID KilTOEFIREE(L) , TRONSHOW 2009

(3R™R)(2008 &£ 12 B 12 H)

HIRE: "ITU Recommendation/ITU #1& F.621 and H.771, , JA\RILE

w3y ECIEFY R ID HKitDEFFRIE#E{EL) , TRONSHOW 20093k

R)(2008 &£ 12 A 12 H)
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