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Ubiquitous sensor Ubiquitous sensor 
networknetwork

�� Role of sensorRole of sensor
�� collect datacollect data

�� route data back to the sink by a multiroute data back to the sink by a multi--hop hop 
infrastructureinfrastructure--less architectureless architecture

AA

Sink Sink 

nodenode

BB

CC
DD

EE

SinkSink

ororTask manager nodeTask manager node

UserUser

Here it!Here it!

Sensor FieldSensor Field

Internet Internet 

oror

SatelliteSatellite
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Ubiquitous sensor Ubiquitous sensor 
network network �� Hardware constraintsHardware constraints

�� 4 elements 4 elements 
�� sensing unit, processing unit, transceiver unit, power unitsensing unit, processing unit, transceiver unit, power unit

�� componentcomponent
�� location finding system, power generator, location finding system, power generator, mobilizermobilizer
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sensor network sensor network 
�� Hardware stack of Hardware stack of PushPinPushPin

�� power modulepower module
�� pushpinspushpins

�� batteriesbatteries

�� wiredwired

�� communication modulecommunication module
�� IRIR

�� serial portserial port

�� radioradio

�� processing moduleprocessing module

�� expansion moduleexpansion module
�� useruser--define sensorsdefine sensors

�� actuatorsactuators

�� JTAG interfaceJTAG interface
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ZigbeeZigbee AllianceAlliance

�� Stack requirementsStack requirements

�� 8 bit micro processor e.g. 80518 bit micro processor e.g. 8051

�� Full protocol stack < 32KFull protocol stack < 32K

�� Simple node only stack ~ 4KSimple node only stack ~ 4K

�� Coordinator requires extra RAMCoordinator requires extra RAM

�� Node device databaseNode device database

�� Transaction tableTransaction table

�� Pairing tablePairing table
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Project :Development of Project :Development of 
equipment and sensor equipment and sensor 

based on based on ZigbeeZigbee
�� Result of Wireless sensor node Result of Wireless sensor node 

8비트 CPU, 2.4GHz RF

Super-mini OS

IEEE802.15.4
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SMS기반 연동
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Project :Development of Project :Development of 
equipment and sensor equipment and sensor 

based on based on ZigbeeZigbee
�� home security based on home security based on ZigbeeZigbee

Internet

C.P N?W

Home 
G/W

Zigbee
Coordinator
Web Server

Hum.sen
sor

Tem.sen
sor

Zigbee
Monitering
camera

Zigbee sensor
IDS

Zigbee control
Door 
open/close

Zigbee control 
Light..
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Project :Development of Project :Development of 
equipment and sensor equipment and sensor 

based on based on ZigbeeZigbee

�� Result of ubiquitous Result of ubiquitous 
sensor network sensor network 

�� Multi Multi --remoconremocon

�� User interface designUser interface design

i-con

Scrool button

button

Multi-remotech
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Project :Development of Project :Development of 
equipment and sensor equipment and sensor 

based on based on ZigbeeZigbee
�� control on OSGI and UPnPcontrol on OSGI and UPnP

�� RemoconRemocon controlcontrol

Home 
G/W

Multi-
remocon Zigbee

UPnP or 
OSGi
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AdAd--Hoc RoutingHoc Routing
�� Hierarchical Routing ProtocolsHierarchical Routing Protocols

�� When the network size increases When the network size increases 

�� ““flatflat”” routing schemes become infeasiblerouting schemes become infeasible

�� based on based on 

�� organizing nodes in groupsorganizing nodes in groups

�� assigning nodes different functionalities inside aassigning nodes different functionalities inside a
nd outside a groupnd outside a group

�� 4 protocols4 protocols

�� CGSR (CGSR (ClusterheadClusterhead--Gateway Switch Routing)Gateway Switch Routing)

�� HSR (Hierarchical State Routing)HSR (Hierarchical State Routing)

�� ZRP (Zone Routing Protocol)ZRP (Zone Routing Protocol)

�� LANMAR (Landmark Ad Hoc Routing Protocol)LANMAR (Landmark Ad Hoc Routing Protocol)
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AdAd--Hoc RoutingHoc Routing

�� Power Awareness RoutingPower Awareness Routing
�� power efficiencypower efficiency is still an important considerationis still an important consideration
�� an ideal SN has to be based on an an ideal SN has to be based on an attributeattribute--based based 

addressingaddressing and and location awarenesslocation awareness� energy-efficient route

b route1: Sink-A-B-T, total PA=4, total α=3

b route2: Sink-A-B-C-T, total PA=6, total α=6

b route3: Sink-D-T, total PA=3, total α=4

b route4: Sink-E-F-T, total PA=5, total α=6

� maximum PA route : route 4

� minimum energy route : route 1

� minimum hop route :  route 3

� maximum minimum PA node route : route 3
PA=available power

α = energy required
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SensorwareSensorware

�� A user sends a query to the SNA user sends a query to the SN
�� the query is a script, a state machine in its the query is a script, a state machine in its 

simplest form, which is injected to one or more simplest form, which is injected to one or more 
sensor nodessensor nodes

�� the script describe how to the script describe how to populatepopulate (replicate or (replicate or 
migrate) itself to other nodesmigrate) itself to other nodes

�� the process of population can continue the process of population can continue 
depending on events and the current statedepending on events and the current state

�� the populated scripts will collaborate among the populated scripts will collaborate among 
themselves in order to extract the information themselves in order to extract the information 
needed by the user, and eventually send back to needed by the user, and eventually send back to 
the userthe user

�� So, it allows user interaction that goes So, it allows user interaction that goes 
beyond simple queries
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SensorwareSensorware

�� Again, in the Again, in the 
proactive distributed proactive distributed 
modelmodel, the scripts , the scripts 
will look mostly like will look mostly like 
state machinesstate machines that that 
are influenced by are influenced by 
external eventsexternal events
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IEEE1451IEEE1451

�� Distributed Measurement and Distributed Measurement and 
Control(DMC)Control(DMC)
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IEEE1451IEEE1451
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Project :Project :NanoNano--X X 

�� Project: Project: NanoXNanoX

�� 8bitCPU8bitCPU

�� AVR co.:ATmega128AVR co.:ATmega128

�� RAM: 4KB, Flash: 128KBRAM: 4KB, Flash: 128KB

�� Radio: UK BimRadio: UK Bim--433, 433MHz433, 433MHz

�� Power Supply < 15mA(tx or rx)Power Supply < 15mA(tx or rx)

�� Half Duplex Half Duplex uptoupto 40kbit/s40kbit/s

�� RF protocolRF protocol

�� MAC protocolMAC protocol

�� MultiMulti--hop routing protocolhop routing protocol
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Sensors Sensors 

�� Key Key 

�� Single Stack MultiSingle Stack Multi--Tasking OSTasking OS

�� Short Lived TasksShort Lived Tasks

�� thread based tasksthread based tasks

�� eventevent--driven driven nonpreemptivenonpreemptive

�� no wait within a taskno wait within a task

�� Parameter passing is possible, but restrictedParameter passing is possible, but restricted
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Sensors Sensors 
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Sensors Sensors 

�� Registration of taskRegistration of task

�� typedeftypedef structstruct { { 
2 2 intint eventIDeventID; ; 

3 3 void (*function)(void); void (*function)(void); 

4 } Task; 4 } Task; 

6 Task 6 Task eventTable[MAX_TASKeventTable[MAX_TASK]; ]; 

8 void 8 void TaskRegistrate(voidTaskRegistrate(void) ) 

9 { 9 { 

10 10 RegistEventTask(EVENT_ADCRegistEventTask(EVENT_ADC, , HandleADCHandleADC); ); 

11 11 RegistEventTask(EVENT_TimerRegistEventTask(EVENT_Timer, , OneTickOneTick); ); 

12 12 RegistEventTask(EVENT_RADIO_RECVRegistEventTask(EVENT_RADIO_RECV,,

HandleRecvDataHandleRecvData); ); 

13 } 13 } 
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Sensors Sensors 

3 SIGNAL( SIG_OVERFLOW0 ) 3 SIGNAL( SIG_OVERFLOW0 ) 
4 { 4 { 
5 5 EvnetTrigger(EVENT_TIMEREvnetTrigger(EVENT_TIMER, NOW); , NOW); 

6 } 6 } 
8 SIGNAL( SIG_UART0_RECV )//RF 8 SIGNAL( SIG_UART0_RECV )//RF 
9 { 9 { 
10 10 if( (0x02 & if( (0x02 & inp(PINCinp(PINC) ) == 0x00) //when carrier ) ) == 0x00) //when carrier ditectedditected
11 11 { { 
12 12 EventTrigger(EVENT_RADIO_RECVEventTrigger(EVENT_RADIO_RECV, NOW); , NOW); 
13 13 } } 

14 14 
15 } 15 } 
16 SIGNAL( SIG_ADC ) 16 SIGNAL( SIG_ADC ) 
17 { 17 { 
18 18 EventTrigger(EVENT_ADCEventTrigger(EVENT_ADC, NOW); , NOW); 

19 } 19 } 

�� subroutinesubroutine
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Research motivation Research motivation 

�� Monitoring Space Monitoring Space –– the the MacroscopeMacroscope
Berkeley/SFBerkeley/SF
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Application Request Application Request 
�� Monitoring Monitoring Spaces(Equipment,FloodSpaces(Equipment,Flood..)..)

�� Equipment failures in production Equipment failures in production fabsfabs is very is very 
costly costly 

�� Predict and perform preemptive maintenance Predict and perform preemptive maintenance 

�� Typical Typical fabfab has ~5,000 vibration sensorshas ~5,000 vibration sensors
�� Pumps, scrubbers, Pumps, scrubbers, ……

�� Electricians collect data by hand few times a yearElectricians collect data by hand few times a year
�� Sample: 10Sample: 10’’s kilohertz, high precision, few s kilohertz, high precision, few 

secondsseconds

Mote + Vibration Sensors

Ad Hoc Mote 

Network

Intranet

802.11 Mesh

Intranet isolation

Root Node
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System System 
Challenges(Site,FloodChallenges(Site,Flood……))

applications

service

network

system

architecture

data 
mgmt

Monitoring &  Managing Spaces and ThingsMonitoring &  Managing Spaces and Things

technology

MEMS

sensing
Power

Comm. uRobots

actuate

Miniature, lowMiniature, low--power connections to the physical worldpower connections to the physical world

Proc

Store
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Interest about TinyOS In KoreaInterest about TinyOS In Korea

Canada , 

2.1%

Australia , 

2.0%

United 

States , 

43.7%

Korea , 

7.6%

Japan  , 

4.6%
Germany , 

4.2%

  The rest , 

20.5%

Taiwan , 

4.1%

China  , 

4.1%

Italy , 3.1%

UK, 2.9%

  Unknown , 

1.0%

tinyos.net download distribution
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ConfigurationConfiguration

�� Listing components listListing components list

�� Specifies the components usedSpecifies the components used

�� WiringWiring

�� Connect specification elements (interfaces, Connect specification elements (interfaces, 
commands, events) togethercommands, events) together

�� E.g. E.g. –– ““Blink.ncBlink.nc””
Components list

Wiring
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Example : Networks Example : Networks –– SendSend

�� ““IntToRfmM.ncIntToRfmM.nc””

ActiveActive

MessageMessage

Send callSend call

sendDonesendDone

event Handlerevent Handler
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Java ApplicationsJava Applications
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Directory Directory 

�� SensorboardSensorboard DirectoryDirectory
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Target Hardware Target Hardware -- Network Network 
Device ViewDevice View

�� CC1000CC1000

�� MICA2, CricketMICA2, Cricket

�� CC2420CC2420

�� MICAZ, MICAZ, TMoteSkyTMoteSky, , HybusHybus
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Network Stack Network Stack 

�� Related directory Related directory –– CC2420CC2420
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Network Programming Network Programming 

�� provide default routing algorithmprovide default routing algorithm
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Architecture Architecture 

�� Architecture ExampleArchitecture Example
HIL HIL 

InterfaceInterface

HAL HAL 

InterfaceInterface
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HAA Implement HAA Implement 

�� Data busesData buses

�� ProblemProblem

�� Many standard data bussesMany standard data busses
�� SPI/USART, UART, I2C, and 1SPI/USART, UART, I2C, and 1--Wire busses.Wire busses.

�� User ClockUser Clock

�� Power managementPower management

�� SolutionSolution

�� HPLHPL
�� interface interface HPLUSARTControlHPLUSARTControl

�� interface interface BusArbitrationBusArbitration
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HAA ImplementHAA Implement

�� RadiosRadios
�� ProblemProblem

�� Radio functionality changes more frequentlyRadio functionality changes more frequently
�� Physical layerPhysical layer
�� Link layerLink layer

�� SolutionSolution
�� Physical layerPhysical layer

�� HPLHPL
�� interface interface HPLXXXBusCommHPLXXXBusComm
�� interface interface HPLXXXRadioControlHPLXXXRadioControl
�� interface interface HPLXXXRadioDataHPLXXXRadioData
�� interface interface HPLXXXCmdHPLXXXCmd , , HPLXXXCaptureHPLXXXCapture , HPLXXXFIFO , HPLXXXFIFO 

�� HALHAL
�� configuration configuration HALXXXRadioCHALXXXRadioC

�� HILHIL
�� module module HILXXXRadioMHILXXXRadioM

�� Link layerLink layer
�� HPLHPL

�� interface HPLCC2420, HPLCC2420Capture interface HPLCC2420, HPLCC2420Capture 
�� interface HPLCC2420FIFO interface HPLCC2420FIFO 

�� HALHAL
�� Transport, MAC, PHYTransport, MAC, PHY……

�� HILHIL
�� interface interface CSMAControlCSMAControl
�� interface interface CSMABackoffCSMABackoff
�� interface interface LowPowerListeningLowPowerListening
�� interface CC1000LowPowerListening interface CC1000LowPowerListening 
�� interface interface RadioTimeStampingRadioTimeStamping
�� interface CC1000RadioTimeStamping interface CC1000RadioTimeStamping 
�� interface interface RadioControlRadioControl
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Crisis control-City

온라인 행정

디지털방송/게
임

Art
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항만/

물류
Educa
-tion

외국인 학교/병원

원격검침/제
어

Entertainment High-Tech 
Ind.

Logisti
-cs

3s 3C

1. Ubiquitous  City in Disaster 1. Ubiquitous  City in Disaster 
preventionprevention



A definition of U-City  is that it’s a kind of new city in the 21st century 

using Ubiquitous technologies  and high-tech information and 

telecommunication infra. 

U-homeU-logistics

U-Disaster  control center
U-office

U-government U-health

U-education

U-traffics

All in one network 

Man Objects Space

Information
Electornic appliances

ITS

Hotspot

u-local gov’t u-medical exam.

Source: 한국 U-City포럼, FUJITSU

2. Ubiquitous City on 3S 2. Ubiquitous City on 3S 
and 3Cand 3C
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* u-Museum, u-Park, and u-Coupon 
Service 

Jeju City

* Hub of East-North Asia

Incheon City

• Construction for Small scaled 
U-City  

Yongin City

* Kwangjoo City, Suwon City 
* Ohsong City, Kwangkyo City 

Other Cities

* Build for u-Port , u-Convention, 
and u-Traffic, etc

Busan City

•Construction for Digital Media 
City

Seoul City

. The Present Status of U-City Promotion in Korea. The Present Status of U-City Promotion in Korea

* Construction of Industry 
innovative city

Daejeon & Asan City

* High-Tech city

Pajoo City
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(단위 :조원)/Korean Won 
A sizeable marketA sizeable market

For U-city Industry in Korea

2006: US$ 12,000,000,000

2007: US$ 17,000,000,000

2008: US$ 26,000,000,000

2009: US$ 39,000,000,000

2010: US$ 58,000,000,000

6. A Sizeable Market for U6. A Sizeable Market for U--CityCity
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. An Appearance background for  U-Prevention. An Appearance background for  U-Prevention

Creation of space for 
Ubiquitous prevention city

Creation of New Biz Model 
Completion of Governance

VisionVision

PreventionPrevention IntegratedIntegrated IntelligentIntelligent InnovativeInnovative

ThemeTheme

InfraInfra

ConvergenceConvergence

ObjectSpace Man Activity

SVCSVC

BroadbandBroadband MobileMobile GISGIS RFIDRFID IPv6IPv6

U-preventionU-prevention
U-disaster 
counterplan

U-disaster 
counterplan

U-disaster recovery
support

U-disaster recovery
support

U-disaster 
prevention 

signal

U-disaster 
prevention 

signal
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Emergency

Treatment

Natural

disaster

Sea 

Pollution

Gas

accident
Fire

Weather
information

Resource
information

Professional
Knowledge
information

Site situation 
information

Trafiic/
broadcasting

facility
information GIS

Site
Supporting sys.

Disaster
site

Control 
room

Cotrol Room

mobile 
Positioning tracing

Emergency
Situation
requisition

Mobile

Mobilization
On site

911

. A Necessity of  U-Prevention
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Nature
disaster
control

Human
Disaster
controlDISCS

collection prevention

On-line portal

Disaster 
Cotrol
Center

Remote
Emergency

Medical
Supporting

system

Disaster
Expectation

system

On-line 
Education
system

Simulation
Training
SystemSituation Control 

System

Satellite Image
Information

Disaster management
Integration DB

Pajoo city

Disaster controlDisaster control

Realization of safety environment for 
u-prevention city

Realization of safety environment for 
u-prevention city

Sensing of disaster outbreakSensing of disaster outbreak

Situation announcementSituation announcement

Effective counterplanEffective counterplan

counterplanrecovery

citizenscitizens
Officer for
Disaster 
control

Officer for
Disaster 
control

Officer
For
fire

Officer
For
fire

. U-Prevention Model in Pajoo City. U-Prevention Model in Pajoo City
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ResultResultAnalysis 
Item

Analysis 
Item

. An Expected Effectiveness. An Expected Effectiveness

The 

person in 

charge of

disaster

Citizens/

The organs

concerned

① Minimization of Human life injury and property

damages 

② Increase of  ability for person in charge through

training

③ Others

① Increase of citizen’s attention & participation

② Offering on-spot service 

③ Others
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Earthquake Disaster Countermeasure SystemEarthquake Disaster Countermeasure System

Regions Weather Broadcasting Editing SWRegions Weather Broadcasting Editing SW

Real Time Dam & Earthquake Monitoring Real Time Dam & Earthquake Monitoring 
SystemSystem

Network System Reinforcement SWNetwork System Reinforcement SW

Under installation for the seabed  Under installation for the seabed  
seismometer in seismometer in UlleunUlleun Island, Korea Island, Korea 

TechnologiesTechnologies

. The Present Status of Possession for Relevant Technologies(2)
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�

Crisis control systemCrisis control system

manager

Remote control

SMS 통보

불법
침입

화재
감시

전원
감시

온습도
감시

sensor
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▣

•Wireless sensor network

Crisis control systemCrisis control system

sensor

중앙관제센터

Securi
ty

light

Cell phone managerPDA
(A/S company)
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� 재난방지지원 : U-수질 관리 시스템

▣ real time flood monitoring 

▣

•수

▣ display of cellphone

•Sensor

•RFID

강북 약수터
현재 강북 약수터
의 수질은 정상이
며 약수터 이용이
가능합니다.

Flood monitoring systemFlood monitoring system
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� Intelligent War Room 
for  crisis control

Scenario  

Decision support system for 
crisis control system

▣ 환경변화 조기 감지

Intelligent War Room

▣ Forcast system   

Agent   

•Device Network supply: Tablet, 
Wearable,

• Agent 

•Intelligent War Room 

Crisis control system
Crisis control system
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