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Experiences in RFID, Wireless Sensor 
Networks and Internet of Things 

1998 2002 2005 2006 2007 2008 2011 2014 2003 2009 2004 2013 1999 
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IoT research groups at KAIST 

• Auto-ID Labs, 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 IoT Platform 

• iGAP: IoT 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 

 

• IoT Research Center in KI (KAIST Institute) 

• IoT Research Center in KI 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/ 

 

http://autoidlab.kaist.ac.kr/
http://autoidlab.kaist.ac.kr/
http://resl.kaist.ac.kr/
http://itc.kaist.ac.kr/xe/
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(사물) 인터넷 [Internet of Things] 이란? 
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사물인터넷의 파~급~~효~~~과~~~~ 
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사물 인터넷 사회 

Passepartout 
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사물 인터넷 생태계를 이루는 요소들 

Source: IDC Worldwide IoT Market Forecast, May 2014 
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Hot 한 사물인터넷 표준과 기술들 
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IoT 오픈소스 – 하드웨어 

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

http://beagleboard.org/ 
 

http://www.flutterwireless.com/ 
 https://www.microduino.cc/ 

 

http://www.arduino.cc/en/Main/ArduinoBoardYun?from=Main.ArduinoYUN
http://www.arduino.cc/en/Main/ArduinoBoardYun?from=Main.ArduinoYUN
http://www.arduino.cc/en/Main/ArduinoBoardYun?from=Main.ArduinoYUN
http://beagleboard.org/
http://beagleboard.org/
http://www.flutterwireless.com/
http://www.flutterwireless.com/
https://www.microduino.cc/
https://www.microduino.cc/
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IoT 오픈소스 – 운영체제 

http://riot-os.org/ 
 

https://www.spark.io/ 
 

http://raspbian.org/ 
 

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

https://mbed.org/ 
 

http://riot-os.org/
http://riot-os.org/
http://riot-os.org/
http://riot-os.org/
https://www.spark.io/
https://www.spark.io/
http://raspbian.org/
http://raspbian.org/
http://www.contiki-os.org/
http://www.contiki-os.org/
http://www.contiki-os.org/
http://www.contiki-os.org/
https://mbed.org/
https://mbed.org/
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IoT 오픈소스 – 미들웨어 / 프레임웍 

https://allseenalliance.org/ 
 

https://www.iotivity.org/ 
 

https://allseenalliance.org/
https://allseenalliance.org/
https://www.iotivity.org/
https://www.iotivity.org/
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IoT 오픈소스 – 네트워크 

http://threadgroup.org/ 
 

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

http://threadgroup.org/
http://threadgroup.org/
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
http://technical.openmobilealliance.org/Technical/technical-information/omna/lightweight-m2m-lwm2m-object-registry
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IoT 오픈소스 – 개발환경 

http://iot.eclipse.org/ 
 

http://nodered.org/ 
 

http://iot.eclipse.org/
http://iot.eclipse.org/
http://nodered.org/
http://nodered.org/
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사물인터넷에 다가가기 위한 전략 

선택과 집중 

오픈 테스트베드 
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사물인터넷에 다가가기 위한 나의 길? (대로,오솔길?) 

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

 
GS1 (International Non Profit Organization) 
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• 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.  

Auto-ID Labs 

 Business Processes 

 and Applications 

 Software and Network 

 Hardware 

Research Partner 

http://autoidlabs.org 

http://autoidlabs.org/
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GS1 Philosophy and Internet of Things 

Humans and things 
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We remodel GS1 Architecture for IoT 
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사물 생애 주기 관리를 통한 IoT 서비스 

Device log service 

Test automation 
application (TAA) 

Manufacturing Sup
port Application  

(MSA) 
YBrain application 

Production stage After production 

Manufacturer EPC 
(Device) Information service (EPCIS) 

Device Log collector  

Device information (e.g., meta data, part/ 
component, test data) 

Device Log analysis 

PCB test 

Final test 

YBrain Mobile SDK  

UDI assignment 

device usage log 

system log 
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What are things?, but not limited 

Passive Things Active Things 
Wireless Sensors/Actuators 

Smart Devices 

Consumer Electronics 

Knowledge 
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What are things?, but not limited 



© Auto-ID Lab Korea / KAIST 

Slide 23 

My Vision as a GS1 research partner 

Any third party 

Application/service 
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What Oliot stands for? 

[transparent] 

[white] 
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GS1/EPCglobal Standards  
GS1 Keys 

• GS1 Identification Keys (현재) 
• URI-convertible ID (GTIN, GLN, SSCC, GRAI, etc) 

• e.g., urn:epc:id:sgtin:0614141.112345.400 

 

 

Digital Coupon Management 
(Serialized) Global Coupon Number (SGCN) 

Component / Part Management 
Component / Part Identifier (CPID) 

NGPI (표준화중) 

IoT (표준선행연구) 
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GS1/EPCglobal Standards  
Global Product Classification (GPC) 

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

GPC  for Smart Things? 

http://www.gs1.org/1/productssolutions/gdsn/gpc/browser/index.html
http://www.gs1.org/1/productssolutions/gdsn/gpc/browser/index.html
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GS1/EPCglobal Standards 
Electronic Product Code (EPC) 

• EPC 
• universal identifier that provides a unique identity for any physical 

object 
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GS1/EPCglobal Standards 
GS1/EPCglobal Architectural Framework 

Applications

Manufacturer Distributor Retailer

Product info.
• Technical spec.

• Warranty spec.

• Instruction manual

• etc.

Product history

• Genuine or Imitation

• Freshness

• Where this is from?

• Etc.

Manufacturer 
EPCIS server

P
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Brazil
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England

Object Name Service 

(ONS) Server

ONS query

EPC 
Information 
Service 
repository

Filtering 
&Collection 
middleware

Capturing Applications

DS query

Application

Real-time feedback

Smart 
RFID 
reader

Discovery Service (DS)

EPCIS 

ALE 



© Auto-ID Lab Korea / KAIST 

Slide 29 

GS1/EPCglobal Standards  
GS1/EPCglobal Architectural Framework 

Identification 

& sensing 

Data filtering 

& grouping 

Data store and 

share 

Item Discovery &  
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Eg.) Extending EPCIS (EPC Information Service) 
Internet of Things Global Data Repository 

 

Everyday 
Object 

TDS – Unification of GS1 Codes 

Attaching 
 

EPC Tag 

Attaching 
 

Bar Code 

RFID Reader 
& Antenna 

Barcode 
Reader 

ALE – Event Capturing 

EPCIS – Visibility Event Data 

Capturing Interface 

Query Interface 

Business Apps. 
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Eg.) Extending EPCIS (EPC Information Service) 
Internet of Things Global Data Repository 

RFID Reader 

& Antenna 

Everyday 

Object 

EPCIS for IoT  

RFID 

Tag 

IoT Devices Support 

Environmental 

Sensor 
Medical Device Healthcare Device Smart Appliance 

Gateway Server Mobile Device 

Event 

Processing 

EPCIS  Event Sensor  Event, Medicare Event, … 

Barcode 

Reader 
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Eg.) Extending ONS (Object Naming Service) 
Internet of Things Service Discovery 

Manual Service 
Object Name Service 

(ONS) 

manual 

shopping 

epcis 

… 
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Testbed for Federated Object Naming 
Services 

Korea 

Japan China 

Taiwan 

Australia 

USA 

Brazil 

France 

German 

Sunchon 
Univ. 

GS1 Korea 

KT 

KAIST 

Local ONS Name Servers 

onsepc.kr 
at KAIST 

Globally Federated ONS Peer Roots 
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Eg.) Discovery Services for the Internet of Things 

• Search for product history 

• Search for retailer locations which sell the desired EPC products. 

 

Supply chain 

1km 

Discover Nearby EPCIS storing  

product/thing Information 
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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 

 

 

Open Language for the Internet of Things 

Passive Tags

(e.g., passive 

tags, barcode)

Sensor & Actuator Networks
(e.g., ZigBee, 6LoWPAN, Mobile phone, BLE, 

AllJoyn, lwM2M etc.)

Active Tags (e.g., 

Wireless ID and Sensor 

Networks)

RFID Middleware

LLRP LLRP Sensor & actuator protocols Sensor & actuator protocols

Domain-specific capturing application

Domain-specific accessing applications

Sensor Interface

Sensor interface

EPC Information Service 

(static and dynamic information)

ALE

Actuation Interface

Sensor & Actuator Middleware

Object 

Name 

Service

Discovery 

Service

ZigBee
6LoWPAN/

CoAP
MQTT

Web 

service-*
REST

Other 

Comm.

RFID stream processing

Logical RFID 

reader

Reader 

Management

Sensor stream 

processing

Sensor & actuator 

Management

ID-Sensor stream 

processing
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(CASE STUDY I) Healthcare Application 
- KAIST Dr. M Project (Season 2 Started) 

DrM Database

2013
2012

2011

Real-time Monitoring Data

Historical Data

DrM Database

Bio Optic 
Sensor

Bio Optic 
Sensor

Healthcare

Watch

Healthcare

Watch

EEG 
biotelemetry

 

Blood 

Pressure

Blood 

Pressure

stick-on
Heart Rate Sensor

Virus 
Monitoring

Virus 
Monitoring

Foot SensorFoot Sensor

Smart SensorsSmart Sensors

ECG SensorECG Sensor

EEG 
biotelemetry

stick-on
Heart Rate Sensor

Machine 
Learning
Machine 
LearningBig AnalyticsBig Analytics

Prediction

Disease 
knowledge

Sensors 
Communications, IoT Platform 

Analysis 
Prediction 

Discover 
Knowledge 

FDA/GS1 UDI 

Health  
Monitoring 

Medical Assistance 
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(CASE STUDY I) Healthcare Application 
- Ybrain’s approach 

Web-based UI for device management 

Test Automation Software  

Manufacturing Support Application  
(UDI assignment & device check) PCB test hardware Measurement device 

MariaDB 

EPCIS 



Showroom 
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(CASE STUDY II) Smart Agriculture and Food Safety 
Systems Pilot Project 
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(CASE STUDY II) Smart Agriculture and Food Safety 
Systems Pilot Project 
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(CASE STUDY III) Bridge Management 

Object Naming Service (ONS)

EPC Information Service(EPCIS)

Filtering and Collection (F&C)

2002:8ff8:6a89::8ff8:6a89

2002:8ff8:6a6c::8ff8:6a6c

2002:8ff8:6a87::8ff8:6a87 Data fusion 

Pattern 
recognition 

Machine 
learning 

Embedded Sensor Data 
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Oliot 2.0 
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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 

License (Oliot 1.0) 
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• Repositories for ‘Oliot’ is powered by ‘Github’ 

• Oliot source code is maintained by a github organization ‘GS1Oliot’ 

Github Organization “GS1Oliot” 

Overview page (gs1oliot.github.io/oliot) 

EPCIS repository 

Forwarding page (gs1oliot.github.io) 

F&C repository 

LLRP repository (ELFIN) 

ONS repository 
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• GS1Oliot has 
• Admin Team: maintains memberships for other teams 

• Maintainer team: maintains source code for each module 

 

Teams in GS1Oliot 

EPCIS Maintainer Team 

Jaewook 

… 

EPCIS 
Repo 

F&C Maintainer Team LLRP Maintainer Team ONS Maintainer Team 

Janggwan 

… 

Sehyeon 

… 

Kiwoong 

… 

F&C 
Repo 

LLRP 
Repo 

ONS 
Repo 

Web Documentation 
Repo 

Admin Team (can add/removeTeam Members) 

Professor Janggwan Sehyeon Kiwoong Jaewook 
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How do we participate in development? 

Project 
Bare  

Repository 
(Github) 

Pull 

Push 

Clone  
(Fork) 

Maintainer Team 

Other Developer  
(w/o Write Permission) 

Maintainer Team’s  
Repository 

Other 
Developer’s  
Repository 

Pull Request 
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• http://gs1oliot.github.io 

• Overview Page for Oliot  

Project 

• Provides  
• News 

• Links to Github Organizatio
n Page 

• Links to repositories 

 

 

Web Page for Oliot Project 
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Oliot Project Repository Page 

1) Clone this repository 
 with this URL ! 

2) Develop your code  
in your local repository! 

3) Create Pull Request ! 

4) After review, 
modifications are applied 



© Auto-ID Lab Korea / KAIST 

Slide 49 

• 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 

 

Mailing Lists 

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

Mailing Lists 
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• 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/llrp-toolkit/mailman/llrp-toolkit-devel/ 

 

• EPCIS and Core Vocabulary Working Group of GSMP 

• gsmpepcis1_1cbvmswg@community.gs1.org 

 

 

Mailing Lists with Related Projects 

GS1 GSMP: GS1 Global Standards Management Process 
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• Branch ‘master’ 

• Maintains source code, not used for workspace 

• Used to version release with git tag 

• Branch ‘release’ 

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

• Branch ‘hotfix’ 

• For emergent patch after release 

• 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 

• Version Release 

• Release with git tag in master branch after branch ‘release’ i
s merged to branch ‘master’ 

Branch Management 

T
im

e
 

Cloud 
-dev 

Release Hotfixes master Feature 
branches 

Tag 1.0 

Tag 1.0.1 

Tag 1.2.0 

Tag 1.1.0 



© Auto-ID Lab Korea / KAIST 

Slide 53 

• 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 l
ab, KAIST’s Epc sensor network, STIS and more) 

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

광고 
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Thank you! 


