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KAIST

A leading global network of academic research
laboratories in the field of RFID and IoT

Research Projects
* Oliot: GS1 based IoT Platform
« SNAIL: lightweight IPv6 (6LOWPAN) stack
« SeaHaven: Visual |oT Platform
* iGAP: 1oT GPGPU Analytics Platform
Members
* Prof. Daeyoung Kim

1 Post Doctor, 13 Ph.D Students and 6
Master Students

« >60 alumni in universities, companies, and
research institute

http://autoidlab.kaist.ac.kr
http://resl.kaist.ac.kr
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AUTO ID LABS

* |oT Research Center in Kl (KAIST Institute)

loT Research Center in Kl is one of research
organizations in KAIST, conducting interdisciplinary
and integrated research to create Korea’s new
growth engine

Research Fields of IoT Research Center
* Future device
* Future communications
* Vehicle/Construction-IT convergence
+ Knowledge Convergence

Members: Prof. Daeyoung Kim, 12, including
research professors, senior researchers, and
researchers

http://itc.kaist.ac.kr/xe/

earch-oriented university
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AUTO ID LABS

expectations Internet of Things

Natural-Language Question Answering

Speechto-Speech Translation
Autonomous Vehicles
Smar Adviaors Complex-EventProcessing
8ig Data
In-Memory Database ManagementSystems
ContentAnalytics

Hybrid Cloud Computing
SpeechRecognition

Consumer Telematics

Aftective Computing
SmartRobots
3D Bioprinting Systems
Volumetric andHolographic Displays
Softw

D Scanners

Enterprise 3D Printing
Actiity Streams
In-Memory Analytics

Mobile Health
Monitoring

Quantified Self

ConnectedHome
S chmasng Gesture Control
Virtual Personal Assistants Work Virual Real
oAl Assistarts ~\ - SmartWorkspace ity
BioacousticSensing

As of July 2014
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Smart Roads

Warning messages and diversions
according to climate conditions and
unexpected events like accidents or
traffic jams.

Libelium Smart World

martphones Detecti
Detect iPhone and Android devices and in
general any device which works with Wifi or
Bluetooth interfaces.

Electromagnetic Levels

Measurement of the energy radiated
by cell stations and and WiFi routers

Air Pollution

Control of CO, emissions of factories, pollution
emitted by cars and toxic gases generated in
farms

Smart Lighting
Intelligent and weather adaptive lighting
in street lights.

Traffic Congestion

|
Getting advices in the point of sale
according to customer habits, preferences,
presence of allergic components for them
or expiring dates

Noise Urban Maps

Sound monitoring in bar areas and
centric zones in real time.

Monitoring of vehicles and pedestrian
affluence to optimize driving and walking
routes.

Access control to restricted areas and detection
of people in non-authorized areas.

Forest Fire Detection

Monitoring of combustion gases and preemptive
fire conditions to define alert zones

Distributed measurement of radiation levels
in nuclear power stations surroundings to
generate leakage alerts.

Wine Quality Enhancing
Monitoring soil moisture and trunk diameter
in vineyards to control the amount of sugar in
grapes and grapevine health

Offspring Care

Control of growing conditions of the offspring in
animal farms to ensure its survival and health

Sportsmen Care

Vital signs monitoring in high performance
centers and fields.

Structural Health

Monitering of vibrations and material conditions
in buildings, bridges and historical monuments;

Water Leakages

Detection of liquid presence outside tanks
and pressure variations along pipes.

Vehicle Auto-diagnosis

Information collection from CanBus to
send real time alarms to emergencies
or provide advice to drivers.

Waste Management

Detection of rubbish levels in containers
to optimize the trash collection routes.

Item Location

Search of individual items in big surfaces
like warehouses or harbours.

Smart Parking

Monitoring of parking spaces availability
in the city.

Water Quality Golf Courses |
Study of water suitability in rivers and the Selective irrigation in dry zones to libel‘i\ﬁK

sea for fauna and eligibility for drinkable reduce the water resources required in
www.libelium.com

Quality of Shipment Conditions

Monitoring of vibrations, strokes, container openings
or cold chain maintenance for insurance purposes.

use. the green
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MODULES/
DEVICES

CONSUMER GOVERNMENT ENTERPRISE
& Vehicles Fd> Emergency Services S<2Q Customers
-m Shopping <& Environmental A Value Chain
& Health O Utilities / Energy ==é Manufacturing
@ Fitness &= Traffic Management =4 Transport
X Home & |nteliigent Surveillance 80 Services
§CJ8 Entertainment = Public Transport Automation / Robotics
- _/ - _J N J

Source: IDC Worldwide IoT Market Forecast, Ma\‘ 20&1“'
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® OPEN -
=
) CIOEIOIIEBCO NNECT 'I The global language
s of business
LigBee Healthiit  HomeKit

Control your world

1 £ ) LowPAN

IPv6-based Low-power
Wireless Personal Area Network

ALLSEEN
ALLIANCE

AVA
\ P4

http:lim2m.eclipse. org

industrial intemet
CONSORTIUM

Google Fit

PHREAD — = "-°

GROUP

ARM mbed

MI ST © Auto-ID Lab Korea / KAIST




http://www.arduino.cc/en/Main/ArduinoBoardYun?from=
Main.ArduinoYUN

Wii AR9331 Linux

Ethernet

Prog, Micro USB

Micro SD

USB Host

ATmega 32U4

http://www.flutterwireless.com/

https://www.microduino.cc/

KAIST
© Auto-ID Lab Korea / KAIST
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Rior

http://riot-0s.org/

My simulation - Cooja: The Contiki Network Simulator

Eile Simulation Motes Tools Settings Help
= Network EE0)E) Simulation control (@)
Run Speed limit

Start Pause Step Reload

Time: 00:07.737
Speed: 40.76%

Mote output Cox

File Edit View

Time ms | Mote | Message |

1270 ID:32 MAC 00:12:74:20... *
1275 ID:23 IPv6 addresses: ...

1279 ID:32  CSMA ContikiMAC,..
1282 ID:23 fe20::212:7417:...
1295 ID:32 Tentative link-...
1298 ID:32 Starting 'Unica...
1308 ID:32 IPV6 addresses: ...
2 1314 ID:32 fe80::212:7420:... |¥
@ Filter:

http://www.contiki-os.org/

Applications Community Libraries

. |_
e — http://raspbian.org/ -
A

CoAPR HTTE MQTT, LWM2M

Device Manageme
Bootstrap, Security, F
0@ & v @ ~
O e e https://www.spark.io/
MIST https//mbedorg/ © Auto-ID Lab Korea / KAIST e °Ii°t
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g.i ALLSEEN
> ALLIANCE

AllJoyn Standard Applicati Allioyn Thin Applicatiol
oyn Standard Application loyn Thin Application ERAMEWORK APIs

Common Object Model
App Code App Code

PROFILES:

Alloyn Standard Allloyn Thin
Service Frameworks Service Frameworks

COMNSUMER ENTERFPRISE INDUSTRIAL AUTOMOTIVE EDUCATION HEALTH

Router
FRAMEWORK:

Data Device Data

Allloyn Standard Allioyn Thin Transmission Management Management

Core Library Core Library

Discovery

AllJoyn Router TRANSPORTS:

8 0 T & M oy WA @

LE
RTOS, Embec

(e.g. Arduino, ThreadX, etc)

https://www.iotivity.org/

https://allseenalliance.org/

KAIST e
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LWM2M Objects

LWM2M Protocol
CoAP ==
DTLS

(Cessecasan ) UDP | SMS

http://technical.openmobilealliance.org/Technical/technic
http://threadgroup.org/ al-information/omna/lightweight-m2m-lwm2m-object-

registry

Slide 12
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Node-RED

eclipse.org “ "”z _ JED

http://iot.eclipse.org/ http://nodered.org/
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®
'I The global language
of business

The global language of business
OVERALL BENEFIT: Improving efficiency & visibility in supply and demand chains
G51 SOLUTIONS & SERVICES USING G51 STANDARDS

Solutions: POS / Inventory Management / Asset Management / Collaborative Planning / Traceability
Services: Global (GSMP, Gﬂ’ﬂ, Registry, Training and Accreditation) & Local (e.g. Certification, Implementation, Training)

1 BarCodes ™"

The environment
for global data
synchronisation

Standardised, reliable More accurate, immediate
data for effective and cost-effective
wisibility of information

business transactions

GS1 Identification Keys (e.g. GTIN, GLN, 55CC, GRAI, GIAI, GSRN, EPC) & Attribute Data (e.g. Best Before Date)

KAIST

In 1999, the Internet of Things" was first
coined by Kevin Ashton who cofounded
the Auto-ID Center(Labs) at the MIT

_D\

AUTO-ID LABS

Countries with a
GS1 Member

Organisation AUTO-ID LABS

I
Countries served ona

direct basis from GS1
Global Office (Brussels)

o Oliot
.

© Auto-ID Lab Korea / KAIST " [



Auto-ID Labs

* The Auto-ID Labs are an independent network of currently six academic research labs that research and develop new
technologies for revolutionizing global commerce and providing previously un-realizable consumer benefits.

http://autoidlabs.org

- EPCglobal "

AUTOD-ID CENTER
I

Partnership betweean 100 global firms,

including founders-

= Uniform Code Council
+ EAN International

= Procter and Gamble

= Gillette

Research Partner

@e
Research

The global language
of business

Global:

+ Standards Development

= Adoption

+ Brand Management and Marketing

+ Policies (Privacy, Intellectual Property)

— EPCglobal €°

Local:

+ Market Development

= Implementation Support
* Member Communication
+ Member Support

= Training and Education

Continued
Reasearch

—

AUTO-1D LaES
|

Commercialization

RESEARCH DIRECTORS

<« 2&

ASS. PROF ALEXANDER ic

PROF SAN]AY SARMA PROF DUNCAN FARLANE
<A oLoGY

KAIST

p
Business Processes DRI BT o reio University i
icati BB UNIVERSITY OF
 and Applications _%T_ W CAMBRIDGE A& Universicy of ScGallen
4 N\
Software and Network I ™ 5 Keio University KAIST
—— R ——
PROIF. l‘fACV’rI"N Pkﬁi‘){:"N’“ﬁ:}‘JvnAl PROF. DAEYPUNG Kim \_ Y,
p PEE FEEE e i s KAIST
J

.

Slide 17
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)

AUTO ID LABS

@

1 The global language “‘ .‘ O
O Srerstrmess

Humans and things . @00@‘0
® 0 0 ° 5" @ i
@1 One Universal Language W“‘“ﬁ @/&7\%\@%’” AK. W ?@; i

9312345678907

&@l

Practical methods for connecting physical objects. 2nd Edition

Making rd
Things Talk  -==
/A

A

1. Allocate Number 4. Data 5, Electronic
9312345021154 mﬁ Syncronisation ﬂ lessaging

TR CONERNY &
2. Represent in Data Carriers COMPANY A :;_;'?;‘h"’ .I
ro2
Lt
| A x EDUXML
3, Scan and Integrate to Systems GS1 net
() (] e M
— v O'REILLY*
L= COMPANY B COMPANY B
[ ]
, o, Oliot
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We remodel GS1 Architecture for loT

Identify — Capture — Share

IDENTIFY: G51 Standards for Identification

GLM Global Location Mumber  GTIN Glokal Trade Rem Murmber  SSCC Serial Shipping Container Code  GRANGlobal Returnable Assetidentiier  GIAI Global Individual Asset Identifier  GERN Global Service Relation Murnber

IETD |u'r|u||<mr|] |<rr|r|] IED X lam | [sscc| |awn| [ Gl | |1mu||ul1u| [ewn | [esen]

dn!’!mn_!-umle.i‘

AANUFACTURER CASE PALLET TRANSPORT DISTRIBUTOR TRANSPORT PALLET ‘ U‘IS‘I'HIBLITIO‘N TRAM SPW‘ CASE

CPERATOR

CAPTURE: G51 Standards for Barcodes & EPC/RFID

GS1 BEARCODES GS1 EPC/RFID

G51-128 ITE-14 G51 DataBar GS51 DataMatrix G51 QR Code GS1 Composite EPC HF Gen 2 EPCUHF Gen 2

Barcode
II” |I‘| LRI PR

O TR

MASTER DATA Global Data synchrenisation Metwork (GDSH)  TRANSACTIONAL DATA «Com (ED Event Data EPC Infermation Services (EPRCIS)

i

* INTEROPERABILITY -

ITEM MASTER DATA LOCATION DATA ITEM/SHIPMENT TRACEABILITY PRODUCT PEDIGREE PURCHASE
TRACKING RECALL/WITHDRAWAL ORDER/DESPATCH
® 2014 GS1 ADVICE/INVOICE

KAIST e
© Auto-ID Lab Korea / KAIST

HEALTHC ARE PATIENT

RETALER  COMSUMER
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SHARE: G51 Standards for Data Exchange

HF

(High Fréquency)

w B © sokymet
7] @]
L - (Low Frequency)

123456789012

OPEN
INTERCONNECT

CONSORTIUM ™'

THREAD

GROUP
“sOma

. . Open Mobile Alliance

For a Connected World
‘0. Oli
$ Oliot

AllJoyn.




| ] Let us know.
h News video Event Crunchbase Search
Lmkin o comgeof Do MY ik

Ybrain Raises $3.5M To Fund Trials Of Its Wearable For

Alzheimer’s Patients

nonEEnod

Manufacturer EPC

Oliot (Device) Information service (EPCIS)

®
T

Device information (e.g., meta data, part/

component, test data)

AN

@

Test automation
application (TAA)

Manufacturing Sup
port Application
(MSA)

Production stage

| PCB test

Final test |

KAIST

| UDI assignment

e N
< @ Yband
Device log service
Device Log analysis
Device Log collector
AN
YBrain application YBrain Mobile SDK
After production o
device usage log e ad
system log k (o] |

[ o Thi:

riraceman ef Thins:



Your current electric
usage (kWh)

I~ ~eco)

(00) 0 0123456 000000001 8 Register number 01

Applu::mon Gs1 cnmpany Sel nal Number check Digit
Indentifier
Extenslnn as1 ,, refix or
Digit Serial Number based on Meter number

length of ©S1
Company Prefix

Remove Screws

Antenna To Access Battery

Barrel
Connector

Power
Switch

Wireless Sensors/Actuators

B YR
HunoReDs : R E L I
: 0, \; 1 B =iy
=, o |
- INFDRMATIDN MAN
A
K M el

CDMP[{X

Smart Devices -

KAIST -



GW-5492/5493

KAIST

Window lift
Universal light

Additiona
systems
Drive tr

\mEE

*-‘Slecrmg whu:l =
panel A\

Logk
MosT

CAN  Controller area natwork

GPS  Global Positioning System

GSM  Global System for Mobile Communications

LN Local interconnect network

MOST Media-orianted systems transport PEI Technologies Korea / KAIST

hoating I

Trunk

Universal motor

Mirror m Universal panel




KAIST

Energy & Utilities

Healthcare

Manufacturing

Open Language for Intemet of Things

Public Sector

)

AUTO ID LABS
I

Any third party
Application/service

© Auto-ID Lab Korea / KAIST




ot stands for?

Finnish [zdit]

tindesx ol 1' English [edi
oliot
Etymology [edi
Etymology [edit]
FlIlI_'llSh [edit] From Spanish offz of Portuguese alha, both from Latin ata (“pot, jar?. [
aliz (1o exish + —io
Noun  [edi]
Noun [edi] .
Noun [edit] olio
i oliot 1, Atich, thick, Spanish stew consisting of meat and vegetables,
ollo ;
1. phural Form of olio 2,8 m|><tur§ or medle.y, a hotclhpotch. . . . .
1. creature, being, thing 3, A collection of various musical, theatrical or other aristic works: a miscellany,
4, By extension of the above, Vaudeville or similar miscellaneous musical or theatrical entertainment skits presented between the main acts of

2. (philosooms obiect minstrel ar burlesque shows,

3, (programing) object

Open Language for Int of Things

[transparent]

Open Language for Internet of Things

a
"n

D D

[white]

Slide 24
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GS1/EPCglobal Standards

GS1 Keys
 GS1 Identification Keys (24 XH)

e URI-convertible ID (GTIN, GLN, SSCC, GRAI, etc)
* e.qg. urn.epcid:sgtin.0614141.112345.400

NGPI (EZ3}5)

Results of a preliminary NGPI bar code capability study give us reason to
believe that change is possible

ccccc Short-term options. Long-term options

S J
o
e R L
add-on

i Services
Companies Product :

.Gs1 cgmp,nyg,eﬁx - Global Trade Item Number (GTIN) e

- Global Location Number (GLN) = Serialized Global Trade Item , (Golobal l))ocument T Identifier

» Electronic Product Code (EPC) Number (SGTIN) (GDTI) ype

Manager Number
Pack, Case, Pallet Assets
Location - Global Trade Item Number (GTIN) . %ﬁ;‘ Individual Asset Identifier

" - Serialized Global Trade Item Number . " l
- g::.::;;:ﬁfgj‘}'g::’,{f,ﬁ N (SGTIN) - Global Returnable Asset Identifier I OT ( :Fl: gll_c_ AI_ %|;| g :I'I':é

Number (SGTIN) - Serial Shipping Container Code (GRAI)

(sscc)
- @ AllJoyn.
Digital Coupon Management

Component / Part Management

(Serialized) Global Coupon Number (SGCN) Component / Part Identifier (CPID)

o OPEN
- INTERCONNECT

consorTIuM ™"

w ST ECG measurement device (GRAI) Surgical tools (GIAI) Membership ID (GSRN)

© Auto-ID Lab Korea / KAIST @ gl_ig!.._




GPC Browser

G S I /E ‘ I O b a I St a n d a rd S The GPC browser allows you to browse all components (Segment, Family, Class, Brick and Attribute) of the current GPC schemas.
g Language |English v

- - - Publication | GPC as at June 2014 (Latest publication) v
Segment | v
Global Product Classification (GPC) ks 'l
Class | T|
Search | | |B"":k M |
Expand All | Brick | Class | Family | Collapse All O Exact wording

® Segment: 70000000 - Arts/Crafts/Needlework . Brick: 10003694 - Refrigerators

E Segment: 68000000 - Audio Visual/Photography G PC for Sma rt Th | r\gs'.f Definition: Includes any products that may be described/observed as an @
® Segment: 77000000 - Automotive

® Segment: 54000000 - Baby Care

® Segment: 53000000 - Beauty/Personal Care/Hygiene
® Segment: 83000000 - Building Products

® Segment: 74000000 - Camping

® Segment: 47000000 - Cleaning/Hygiene Products

® Segment: 67000000 - Clothing

® Segment: 66000000 - Communications

= Attribute: 20001529 - Energy Type
Definition: Indicates with reference to the product branding, labelling or Copy
Value: 30008570 - ELECTRIC
Value: 30008571 - GAS
B Value: 30002515 - UNCLASSIFIED
Definition: This term is used to describe those product attributes that are unable | Copy

= Value: 30002518 - UNIDENTIFIED

® Segment: 65000000 - Computing 5 Definition: This term is used to describe those product attributes that are Copy
@ Segment: 58000000 - Cross.Segment. B Attribute: 20001527 - Includes Built-in Ice Maker
# Segment: 78000000 - Electrical Supplies Definition: Indicates with reference to the product branding, labelling or Copy
® Segment: 50000000 - Food/Beverage/Tobacco
@ Segment: 63000000 - Footwear Value: 30002960 - NO
® Segment: 87000000 - Fuels/Gases = Value: 30002515. _ IUNCL'E@S[F[EDI : :
® Segment: 51000000 - Healthcare Definition: This term is used to describe those product attributes that are unable | Copy
= Segment: 72000000 - Home Appliances Value: 30002654 - YES
= Family: 72010000 - Major Domestic Appliances = Attribute: 20001353 - Installation Type
@ Class: 72010600 - Kitchen Washing Appliances Definition: Indicates, with reference to the product branding, labelling or Copy
&E Class: 72010300 - Major Cooking Appliances Value: 30007757 - BUILT-IN
@ Class: 72010500 - Major Laundry Appliances Sensors  EELUNEILgActuators Value: 30010514 - COUNTERTOP
@ Class: 72010700 - Major Water Dispensers Value: 30009198 - FREESTANDING
= Class: 72010200 - Refrigerating/Freezing Appliances '\// Value: 30009202 - INTEGRATED UNIT
— ) = Value: 30007608 - PORTABLE
z E::Z: 1222?:12 : Es;:aer?s?':::tl:fsrs Other Environment Definition: This term is used to describe those products that the manufactures Copy
= Brick: 10003698 - Freezers = Value: 30002515 - UNCLASSIFIED
@ Brick: 10001938 - Ice Makers Definition: This term is used to describe those product attributes that are unable | Copy

= Brick: 10001941
@ Brick: 10001942 - Refrigerating/Freezing Appliances Replac
@ Brick: 10003695 - Refrigerator/Freezers

= Brick: 10003694 - Refrigerators http://www.gsl.org/1/productssolutions/gdsn/gpc/browser/i
KAIST | p —

© Auto-ID Lab Korea / KAIST

Refrigerating/Freezing Appliances Other
= Value: 30002518 - UNIDENTIFIED

Definition: This term is used to describe those product attributes that are Copy



http://www.gs1.org/1/productssolutions/gdsn/gpc/browser/index.html
http://www.gs1.org/1/productssolutions/gdsn/gpc/browser/index.html

« EPC

« universal identifier that provides a unique identity for any physical

KAIST

object

EPC Scheme

Tag Encodings

Corresponding G51 Key

Typical Use

sgtin sgtin=-96 GTIN key (plus added serial | Trade item
sgtin-198 number)

S5CC sscc=96 SSCC Pallet load or other

logistics unit load

sgln sgln=-96 GLN key (with or without Location
sgln=195 additional extension)

grai grai-=-96 GRALI (serial number Returnable/reusable
grai=-170 mandatory) asset

giai giai=-96 GIAI Fixed asset
giai-202

gdti gdti=-96 GDTI (serial number Document
gdti=-113 mandatory)

gsrn gsrn=-96 GSEN Service relation

(e.g.. lovalty card)

© Auto-ID Lab Korea / KAIST
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GS1/EPCglobal Standards

GS1/EPCglobal Architectural Framework

KAIST

Object Name Service
(ONS) Server

Product info.
» Technical spec.
* Warranty spec.
* Instruction manual
+ etc.

Smart
RFID
reader

Manufacturer Manufacturer Distributor
EPCIS server

<

- .

1 .

Product history

Genuine or Imitation
Freshness

Where this is from?
Etc.

‘ Real-time feedback

Retailer

repository

Filtering
&Collection
middleware I

EPC
Information
Service

A

PR

Manufacturing

Energy & Utilities

Public Sector

Transportation

Slide 28
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KAIST

Item Discovery &
Information search

Data store and

share

Data filtering
& grouping

Identification
& sensing

Static pointer to

0180614141143458216789

GS1 Element String

GS1/EPCglobal Architectural Framework

@1 EPCglobal *°

manufacturer’s
EPCIS

A

urn:epc:idiagtin:0614141.112345_400

Pure |dentity EPC URI

Estblished |0V coding schemes

Tag data translation and standards

urn:epci:tag:sgtin=-96:3.0614141.112345.400

EPC Tag URI (read / write)

101000..

EPC Information Services (EPCIS)
Standardizes interfaces to networked information systems

Filtering and collection capturing
Standardizes access to aggregated data application

...........

Reader device
Standardizes reading and writing to tags

Binary Encoding

001100000

UHF Gen2

Slide 29
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-instance’
aversion="1.1">

Business Apps.
I Query Interface

~12-31700: 00: 00. 000-06: 00</event Tine:
t>=06: 00</event T neZone0f fset >
sgt In: 1234567 . 000000. 6671 94TET46</ exx
calcbal  cbw:bi 2steps shipoings/bi 2t er
neurn encal obal scbv i disor in_transit</disposition
epc: idisaln:0614141 07346, 1234</ | d>

EPCIS - Visibility Event Data
I Capturing Interface

ALE - Event Capturing

- 4}

Barcode
Reader

RFID Reader
& Antenna

—_—

TDS — Unification of GS1 Codes

G51 BARCODES

GS1 EPC/RFID
EAN/UPC G51-128 ITF-14

.
Attachlng EPC HF Gen 2 EPC UHF Gen 2 )
|H “ “HH‘ {00) 3 9501100 000001001 8 o :

R==|m
EPC Tag g |

GS1 DataBar GS1 DataMatrix GS51 QR Code GS1 Composite

Barcode

‘ I | E E e L
H

(01) 0 ¥501100 83103 7 10 '::.“

Attaching

Everyday Bar Code
Object

© Auto-ID Lab Korea / KAIST "
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EPCIS for loT

EPCIS Event T I Sensor Event, Medicare Event, ...

Event
Processing
g —_
s < | RFID Reader
‘- & Antenna
Gateway Server Mobile Device @ = = RS S e
t te t
prss ~a@ |
arcode Tag : ' |
Reader - \ = T
Environmental Medical Device Healthcare Device ~ Smart Appliance
Everyday Sensor
Object loT Devices Support

Y
MIST © Auto-ID Lab Korea / KAIST H °|!°'
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Eg.) Extending ONS (Object Naming Service)

Internet of Things Service Discovery

The Internet of Things - GS1 France & Afnic major
contributors to the ONS 2.0
February 18,2013 -

@S1 France and Afnic are continuing their cooperation in the
Internet of Things, with a view to the global deployment of the ONS

ONS 2.0 %éj’%%
R

Object Name Service

The ONS 2.0 standard, the result of a partnership initiated in 2008 between GS1 France

and Afnic, is now available to users. The publication of the standard provides new

oppertunities for companies that develop services for connecting objects to the Internet.

GS1 France and Afric have played 2 leading role in the development of this new version . .

of the standard (also called "a federated ONS™), which was ratified and published in

e O b ect Name Service
‘was co-chaired by GS1 France, and on the other, Afnicwas the editor of the compliance

specification and played an active role in prototype testing

The respective expertise of each organization has therefore enabled the design of

.
interoperable industrial information systems and innovative services based on the M a I I u a I S e rV I C e
Internet of Things (IoT).

* NN B UOZEE | MewE G 2301 2w | DloiE

oévjl';ﬁo" ( SKT S8 VOLT R23Y 7 a

TVaR  eEUG WY  BWACWO  UIWARS | FEUNA  ROE/SM | UHROMEY 4E | PR

RLBEAR

v > | BEUAE | 3R | > | sori soa -5

o

manual

[KBZ2I7HE 5% @2l 5/9] LGHAHLG Watch Urbane 91X1 0ful] LG-W150

5 R 363.0008
LGWatchubone oo 344,850

BT SAVEMMA (SUTDRE HOl) Thes S

R0IR SHE (2608 x5)

CICE FQIE PUEIW 10,363FY

c \ CIONE BQIE HE SR
Y L . ¢ HOISORIR 7 0.5% + $7¢0.5% Mg
) 8= Tawy F0 7 7.0008 ML @I

TN AER LHRHFVRR

sEze 33791932

DUH Medical. Inc.

wx s

@ s

Slide !
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Qe

German

S -
— /

P I
=% i "-‘-w.- f vpa

France

i «r‘;
’-CM";'{} =
’a.ﬁ%.. “ :
= ﬂ-&"
7 %

www.tu-bs.de 134.169.9.190

BVwa f
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USA

onsepc.kr

Local ONfSJ\:a/me Servers
= —

GS1 Koreafzzzﬂ
N KT

SL

KAIST

Sunchon
Univ.

at KAIST
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Oliot
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Eg.) Discovery Services for the Internet of ngs

Zaefm LeemermTTTTTTT FASHRELD o T =1 EYFE
o el N LTSS MBEAFE2 =
S ~— RN D - ~ CHESTHE
I,”
. ]
« Search for product history s
. . . . O
« Search for retailer locations which sell the desired EPC products. foiL e
(=)
2oy
i xlﬂl'ﬂ_l_-.
1.1 ObjectEvent: ltems are tagged after manufacturing i
:’: Kiel fostock, 1.2 ObjectEvent: Case is equipped with EPC tag b
Bremerhavery, *Lubeck 1.3 AggregationEvent: Products are linked to case
TEmdene 1.4 ObjectEvent: Case is identified upon shipping
/ y e BERLIN POL
Hartgver * 2.1 ObjectEvent: Case is identified upon receiving
Lol L? *Magdeburg {\\ 2.2 QuantityEvent: Completeness of delivery is checked
P Leipzig
I SO *ieacsel . . | 3.1 ObjectEvent: Case is picked by mobile worker X ~ =
BEL .%:r!?ﬂ.ﬁ?f- W 3.2 TransactionEvent: Case is linked to purchase order ST o= XN=ElolE
wiesbaden, .gg.nna”r]t ,\{’ — 3.3 ObjectEvent: Case is identified upon shipping
= JMannhoign REPUBLIC 4.1 ObjectEvent: Case identified upon receiving . .
Y _<Karisrune e NU'”CE}J\_\L P~ 4.2 TransactionEvent: Purchase order is completed Dlscover Nearby EPCIS Storlng
ooy «Stuttgag o 4.3 AggregationEvent: Products are taken off case . .
4.4 ObjectEvent: Case is destroyed prOd uCt/th I ng I nfo rmatlo n
.{?“ "\.L
SWITZ i, ) v} -

Is the chain of custody intact?

(a) EPC discovery query for EPCIS URLs
(b) EPCIS queries for trace history

Supply chain

KAIST e
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Sta @L.b?/

Storm

A 4

A 4

Domain-specific capturing application

Sensor interface

T A

ALE:

Sensor Interfacej

openstack
Object
Name < > Domain-specific accessing applications
Service
T A f A A
1 v 1
Discovery |, = EPC Information Service
Service d (static and dynamic information)
' £ i Actuation Interface

—_

os -‘. C "
D‘ ID"-! ; . \
T = R

KAIST

© Auto-ID Lab Korea / KAIST

pQﬂ( Open Language for IoT (Oliot) is
an ID-based IoT framework.

» Based on GS1 standard ID (e.g.,
URI-convertible GTIN)

« Is to build a ID-based framework
to identify, capture, control and
share information about smart
things

v
RFID Middleware | Sensor & Actuator Middleware
RFID st . ID-Sensor stream Sensor stream Sensor & actuator
stream processing processing processing Management
Logical RFID Reader . 6LOWPAN/ Web Other
| reader | | Management | ZigBee EOAP | | MQTT | | service—*| | REST | | Comm. ; | 1‘3 i{, Q\;
. At %\ L
Sensor & actuator protocols E ‘
LLRP LLRP Sensor & actuator protocols n E ‘ ‘ \‘E - f -
.
Passive Tags Active Tags (e.g., Sensor & Actuator Networks ; i i
(e.g., passive | Wireless ID and Sensor | (e.g., ZigBee, 6LOWPAN, Mobile phone, BLE, Interactln_g with Sensor s.tream Processing Distributed Search &
tags, barcode) Networks) AllJoyn, IWM2M etc.) Smart Things & actuation Storage discovery
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| AL
: 0 - - ‘/,
Medical Assistance

pnaysis
rediction pr

-+ fitbit

Wireless Activity + Sleep Wristband

_ Prediction

e
Bloodl
Pressure

Discover _, 7 A A LA
b > viacinne S 0f ‘ { stick-on
Knowledge [E iy Asralyiics iy S, Har st Snsor
¢ Moritarin ¢ v\\\g,\‘)biu
Jour 1 : 19.11.2002 ) N\Q]\\\}” i i
" ‘ N FDA/GS1 UDI

DVl Database Real-time Monitoring Data - SenSO I'S
Communications, IoT Platform

MI ST © Auto-ID Lab Korea / KAIST
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(CASE STUDY I|) Healthcare Application

- Ybrain’'s approach

' Result Page x &1 HyadoBand Test Driver . - - . — [=la] = )
mEE SsTH)
€« - C [ Qh&p?://test,xbrainidp.com:8443/devicemngt/dosearch?devicelD=DV%ZS&stamime:&endtime:&comgonentlDLi: B g ==
i Apps SpringSample '] Devicemngt [ Logout [&] OpenAM (Login) [&] TLS OpenAM (Login) localhost:3080/devic... Devicemngt TLS [&] De
T e e _ Testsuites/default json &< |
q Mame Tae No. A TS otolg =
Device Management Toggle Menu 1 EPCQlobaI 3% MAC 14DAE93CFCE8 1 FIRMWARE DOWNL. @ NC
2 DFU_UPDATE_TEST @ NC
5 Fl| 5
Device Search Results - PAGE 1 Niodel / Serial number Vo N
oltage Graph Al 25 FMof
Model name HB1 w13
Export @® Current © Al Work day [2014-12-18 D~ | 3 3 1D : FIRMWARE_DOWNLOAD
Line No 1 E= o b
-~ o 50 100 150 200
Previous Next ProductOrder(t X-Axis =
e =
[ B> coree ] | @ PasS | | €D FarL|
3 « Ampere Graph
Device Serial  Category Compe » BT w3 Result
..... Device ID 3
DV01293123133  Hyodo RAM RAM RA Charging state = oim NONE
Com Port (IG) Comment
DV01293123133C0O_3 DV01293123133C0O_2 DV0129312 @IS - - =
e ——y e
DV01293123136 Hyodo RAM RAM RA — i I =M
DV01293123136C0 4 DV01293123136C0O 3 DV0129312 _ =
« v

Web-based UI for device management

] HB serial number writer
.

Test Automation Software

Trying to connect senver.
Error. Failed to connect server
Connect to test.ybrainidp.com:8443 [test.ybrainidp.com,/192.168.1.168] failed: Connection timed out: co

Manufacturing Support Application
(UDI assignment & device check)

Slide 37
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(CASE STUDY Il) Smart Agriculture and Food Safety

Systems Pilot Project

Item level: 2-D
barcode
e

Turnover box:

e coding on agricultural

products : authorized by
“GS1 china”

National Agriculture loT project

= Title: agricultural |oT systems for food safety and quality

= Funded by the High-Tech Development Plan (863) of the
Science and Technology (MOST), China.

= Objectives
— Food safety and guality management
— Core technologies development
— Scalable platform and standards
— Credible platform for government, B2B and end user:
— Business model
— Pilot project in Shandong and Shanxi province
= Participants: >20 universities, institutes, and companies
= Duration: 2011.1.1-2013.12.31

-
— e
. J GENSPEC,
IEC 15693, SO/IEC. <
EEnm — oo
o)
Do [} [Z]

standard
proprietary interface

|
R [ SRRy S
= y - "
<Rk o gt 1)y 2
2 . Lid
-
-
S ->
12 RARRE 35 e
s BTy

T elasticsearch.
/

Reanons DB or
siucied MusterData

o s

‘Oracte Spatial

o THibe -awae
s o8

5 AT ENEAEA b
nuE R L
o 17 O
l~“"\'I'!. 0 4 RARMAT T RAMRY

Wl

15 R}

il —

PREE T ARHOLASRBASR)  __
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(CASE STUDY Il) Smart Agriculture and Food Safety

Systems Pilot Project R

GS1 BEF7(%te| &

/3 M7 22 Fss eis

ot

GS1Farm VMs

—— i S 3 FTA »* pUBLIC

gatoc Me| -
e ) [l ST o coled 24 A |
: —— PN 2= 2u0222 018 N2g

/! ’f'\\

{Gs1 ADLE 348 BUE AAU(EZ/HH) , P

QEIEC @w&m}&g e =,

802.15.4 e N AL

802.15.4¢g e
ZigBee ==
6LoWPAN 7|IOIE$I°l

1@
2|8

AF24ZHS S

pREUFE

-;7}3.?.51 mq Hlo|Eq -.-’.;i PRIVATE

' =etecur A
GS1-Farm — ) - \
y § DS | ONS o
22MA S TN E=T tas | -
o Au CAP 2 {
2H| 2}

\
.

[ GS1 88D 7|8 RS |
U =N
& = N)
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KAIST

EPC Information Service(EPCIS)
 2002:8ff8:6a89::8ff8:6a89

Filtering and Collection (F&C)
©2002:8ff8:6a6¢::8ff8:6a6C

o/ Oliot
N el

Stanford ENGINEERING

Civil & Environmental Engineering

©uo M B W -

10
11
5
14
15
16

© Auto-ID Lab Korea / KAIST

AUTO

Az IV s I)-3A-D! D"
34} 1689.636108] -698.3094482 503.1740417|
1689.700928] -698.4356689 503.1577454
2014-01-22 134 1689700928 -698.4194336] _503.1577454
2014-01-22 1:34]  1689.688843] -698.3257446| 5031577454,
2014-01-22 1:34)  1689.765991] -698.3257446| 503.1903381
2014-01-22 134]  1689.717285] -698.2890625) 503.2188416|
2014-01-22 1:34] 1689.672607) -698.3745728| _503.2840271
2014-01-22 134] 1689753784 -698.3868408] 503 3166504,
2014-01-22 1:34)  1689.733521) -698.3257446] 503.1699524
2014-01-22 1:34|  1689.835083] -698.2727661| 5031577454,
2014-01-22 1:34) 1689688843 -698.3583374] 503.1740417
2014-01-22 1:34|  1689.506226] -698.2890625| 503153656,
2014-01-22 134] 1689640137 -698.3053589) 5032229309
2014-01-22 1:34]  1689.684814] -698.2727661| 5032188416
2014-01-22 1:34|  1689.737671] -698.2890625| 5033166504,
D Eventtime (3 Measured Data

ID LABS

]

Raw data-to-Oliot Translator (.cpp)

Opan Langunsa farBracmar of Vhlags.



Oliot 2.0

: Oliot

Open Language for Intrmet of Thing:

GTIN+ GS1 Source et e Features of Oliot Infrastrucure
OoTW TSD Interface e ID System
Various protocols supported

O
a
()

Interoperable endpoint URN scheme
e GPC Extension

= EEEE

! Static Pointer to - loT services are represented
Manufacturer's Discovery Linked way of describing components
Interface

EPCIS e Metadata Service

Provides static information about things.

GS1 source style and GTIN+ on the web style
e LLRP

Device Connectivity

connectivity with heterogeneous devices.

Connected to ALE adaptation layer

Dynamiclpointer Registration |

-
EPCIS Query QL
callback
E PClS ca pture |

Repository Interface

S > e ALE
e
Uniform Data Model o EPCISp
: : : ALE Interface EPCIS v1.1 compliance
LLRP BlueTooth LwM2M oIC Alloyn Scalabifing & exbiiny 2
Adaptation Adaptation Adaptation Adaptation Adaptation Embedded extended Core Business Vocabulary
e ONS
— L ': Service records registration
S = o ) NS/DNAME delegations
LLRP BlueTooth LwM2M AllJoyn Searching for the services provided by things
Device Device Device Device Device

KAIST e
e © Auto-ID Lab Korea / KAIST
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Oliot-llrp (EPCglobal LLRP Implementation)
« Apache License

Oliot-fc (EPCglobal F&C Implementation)
 GNU Lesser General Public License (LGPL, v2.1)

Oliot-epcis (EPCglobal EPCIS Implementation)
 GNU Lesser General Public License (LGPL, v2.1)

Oliot-ons (EPCglobal ONS Implementation)
 Apache License

Apache

 You can use the software for any purpose (distribute, modify, distribute modified v
ersion of S/W) without concern for royalties

LGPL

 As long as you don’'t modify the source code of Oliot, you don't need to open yo
ur proprietary software which is linking to Oliot

=k

o 30 far racrmeas o ilags.



Github Organization “GS10liot”

» Repositories for ‘Oliot’ is powered by ‘Github’
« Oliot source code is maintained by a github organization ‘GS10Oliot’

O - Search or type a command Explore Gist Blog Help " Janggwan +- 3 B
== gsloliot - A Mews Feed i1 Pull Requests (@ Issues View gs1oliot
Janggwan created repository oliot-ons just now Re itories G’
Janggwan created repository oliot-llrp 2 minute ago .:/ Find a repository.._ -\:.
All Repositories Forks Sources Private Public
6 days ago -
% gsloliot added gsl1oliotioliot-epcis to EPCIS Developer gsioliot/oliot-ons < ONS repository
= w EPCIS Developer grants 1 user push access to 1 repository
mimim gsioliovoliot-lirp <—— LLRP repository (ELFIN)
% & days ago gsioliot/oliot <—— Overview page (gsloliot.github.io/oliot)
gs1oliot added Janggwan to EPCIS Developer gs1oliot/gsioliot.github.io < Forwarding page (gsLoliot.github.io)
= w EPCIS Developer grants 1 user push access to 1 repository
m[w]m gsiloliotoliot-epcis “— EpCIS repository
23 days ago gsioliovVoliot-fc <—— F&(C repository
-O- vehumet pushed to gh-pages at gs1oliot/oliot
.I. [¥] ada7fas4 Draft page for workshop - draft2 A Subscribe to News Feed

KAIST e
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Teams In GS10liot

 GS10liot has

« Admin Team: maintains memberships for other teams
« Maintainer team: maintains source code for each module

Web Documentation ONS
Repo Repo

Slide 45
([ ]
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How do we participate in development?

Project e
Bare Maintainer Team's

Repository Push Repository
(Github)

Clone
(Fork)

Pull Request

Other

Developer's
Repository

Other Developer
(w/o Write Permission)

KAIST e
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* http://gsloliot.github.io
 Overview Page for Oliot
Project

* Provides

* News Oliot T2 R E 2?2
¢ I—i n kS to G ithu b Orga nizatio Oliot= U=, RFAID D=, ar == HAIH 2= AM=0l 525 D=2 2EE =+ 2l = =4

P HEZE2|22 g1 2| D= A 2D B 0|2 E 2| Et= 2 "l =/ RFID/ ZigBee/
n a g e GlowPANZ CH2FSF 1oT Connectivity 2! E = EZE=E TF=E5I== EESHH, Internet of Things

Pl=zt EHE0 2 = 2= =W 2 Al E T EHEZEUILCL cs12] B#E TEH 2= F A

[ ) Li n kS to re pOS ito ri eS HH Z2HE W= 2 L CH Oliot= Open Language for Internet of Things2| SFALC0|H, 5E ofioc =

e =2 At=012 2o, 22 == EEE 0l 2t= 210l 2 U C oliot= olic2] S
2

GS11)} Auto-ID Labs

Internet of Things2t= &0 = G51 (http:/fgsl.org) 2| SHIESE S A 72421 Auto-ID Labs, MIT
{http://www.autoidlabs.org) 2| Kevin Ashton ¥ 2|51 19993 A E == 420 S =ULICH Gs1 =
HMEEZE A= 22 E AT HI DS, RAD =, QR D==2| 651 D=2t 0| = 2 EFRE Sl

KAIST o) Oliot



Oliot Project Repository Page

O - This repository ~ | Search or type a command Explore Gist Blog Help " Janggwan +~ ¢ @

PUBLIC gs‘l oliot / oliot=fc > Unwatch = | 1 ww Star 0 % Fork o

EFPCglobal Filtering and Collection (F&C) implementation by Auto-lD Lab Korea as a part of Oliot project — Edit

<» Code |
o 1 commit ¥ 1 branch D releases i 1 contributor
(@ Issues o
8 branch: master ~ | oliot-fc / + =
Il Pull Reguests o

Initial commit

%" Janggwan authored on 21 May latest cumng)ﬁ@Fe‘a'@ Pu ﬁER@(queSt I

= LICENSE Initial commut 21 days ago
4~ Pulse

= README . md Initial commut 21 days ago
Eﬁ Graphs

README.md
% Metwork

4) After review,
oliot-fc modifications are applied 3¢ Settings

HTTPS clone URL
EPCglobal Filtering and Collection (F&C)} implementation by Auto-1D Lab Korea as a part of Oliot project | https://github. com/g: | B

*ou can clone with HTTPS, S5H,
or Subversion. (&

2) Develop your code 1) Clone this repository
KAIST in your local repository!” with this URL !
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Mailing Lists

» Mailing lists are the open source community itself, feel free to join!

* You can view the archived mails in the following URL

* LLRP mailing list
» oliot-llrp@resl.kaist.ac.kr
« https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-llrp

« F&C mailing list
« oliot-fc@resl.kaist.ac.kr
« https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-fc

« EPCIS mailing list
» oliot-epcis@resl.kaist.ac.kr
* https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-epcis

* ONS mailing list
« oliot-ons@resl.kaist.ac.kr
» https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-ons
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https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-llrp
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-llrp
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-fc
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-fc
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-fc
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-epcis
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-epcis
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-epcis
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-ons
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-ons
https://groups.google.com/a/resl.kaist.ac.kr/forum/#!forum/oliot-ons

Mailing Lists

* You can join the mailing list by clicking ‘Join group’ button on
the previous URL after logging in as any Google account

GC”JSIE, Search for topics - “
GFDUDS G Mark all a=s read Filters -

My groups +« Oliot LLRP Development Team Shared publicly

Home

My discussions

Starred Mo topics are available in this group

- Favaorites

Click on a group’'s star
icon to add it to wour
favaorites

~ Recentlhy viewed
Ciliot F&C develop. ..
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Mailing Lists with Related Projects

 If we manage our mailing list with that of specification working groups or other related open source project
, It brings an advantage for our project to become popular

* LLRP Toolkit Project
* http://sourceforge.net/p/lIrp-toolkit/mailman/lIrp-toolkit-devel/

« EPCIS and Core Vocabulary Working Group of GSMP
« gsmpepcisl_lcbvmswg@community.gsl.org

GS1 GSMP: GS1 Global Standards Management Process
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Branch Management

* Branch 'master’
* Maintains source code, not used for workspace
» Used to version release with git tag

Feature Cloud Release Hotfixes master
branches -dev

* Branch ‘release’

» Hotfix and feature branches are merged in merge-window p
eriod

« Branch 'hotfix’
» For emergent patch after release

Time

* Branch ‘cloud-dev’
» Used for cloud-specific feature
+ Integration of other features
» Source of release branch

+ Feature branches
* Used for feature development
* Manages independent branch for each feature

« \ersion Release

» Release with git tag in master branch after branch ‘release’ i
s merged to branch ‘master’
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AUTO ID LABS

 July 7 2014 - oliot 1.0 (latest implementation of EPCglobal fra
mework, run on any cloud and supporting mysql and cassand
ra)

« 2Q 2015 - oliot 1.1 (provide EPCIS 1.1, strengthened to supp
ort food industry)

« 2015 - oliot 2.0 (support internet of things, merging auto-id |
ab, KAIST's Epc sensor network, STIS and more)

KAIST $ Oliot



)

AUTO ID LABS
I

We are hiring and inviting open source project experts!!!

-

Y
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Thank you!
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