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Ubiquitous Sensor Networks
Overview

Suh Changsu

Hanback Electronics Research Center
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Background

< FFAE2 AFY
o <A ojt)r AMExE7L A A BHA] et e B Q7 AR ) 28

AT 7 As 7w

S FrHFE 2 AN Y V)97 USN _
o Alztel AENY U T AL BAY 5 A 7] %
o 2o A5 A A )
e USNY 7| & =4
v dlolE] 3 dlolE A, 74 AL S UEYI I
9 7k wefell by 75 BE 712 Bt
[MIT's Technology Review, Feh 2003]

'Ubiquitous Sensor Networks

= Ubiquitous Sensor Networks
o RFIDS} F4 A =2&82 FAFH =Y EYZ:

;A ENS BT AR UEND YH
¢, BAS SE A4l tiTt AR 22, RUH

o 3}4E Ad-Hoc hetworkE
o| &3k 2H& EHY F=




USN vs. Ad Hoc Networks

o W9 A — s
. 53 5225713 B Sy BN e T
B ERALE) (3RS g T ALY
e Self-organization N 7 4 \l\%w P

e Energy limitation
e It IsE 7H

o Y& (USN):
o UHA o7 A AT AdE 7H)(power, size, memory, etc)
o A WYL MM xEE 71
o S5 AN A7 3P
o 27| W7t BY T 79| 2290 Y

USN9| 54

2 29wz w3y
o 2t 28 =2 7%l wet 3 M3} 5lojo}f & 50| UIE

S ¥4 %
o S80I 22 g To wet S5 HolE EU S I

o

S A FAT
o dlolE] M3 23, FE0] WA,

B
o AlA ol M2 HAL S 7 UIEA S, %A5H7] 2 -F topology

© RF 2Ed o] X Sleep
o A2t wiEl? W 27
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Operating System in USN

= Various choices, dependent on the platform

e Tiny OS, NanoQplus (ETRI), MOS (MANTIS OS), PALOS (Power Aware
Lightweight OS), Embedded Linux

2 A g8 T AN 2= B9 gl USN S8 22 188 7}
A3 Q& TinyoSE F LPANAZMN ALE5ba YL

< TinyOS9 53
e System programming language: NesC
No kernel: User2} Kernel 7+9] 7 5-0] 91&
Simple process management: simple FIFO queue schedule

No virtual memory: single linear physical address space
No dynamic memory allocation: compile timeel] A 4 &3

Power Saving in TinyOS

2 Main (Iincludes Scheduler)

° TinyOS= BT Taskol & (e e G A
% 73 __0’_’ 01]1:] ZI i-—tll-g "‘] ﬁ: TOSH_schad_ink(); /f Tiry /S Scheduler Intialine } Lo
617 $ish AX 8 CPUE call SOl nk(; // Standarc b Vbrks n NI phaee TnitPhase
Sleep E'_E i 11 9,]-5]-]:} call sdContral.grartQ; /7 Standard b Works in Start phase

__naec_ersbig interupt0; 2, Enable Events which are sccurred by intenndpt
BT

° Atmega 128 CPUO] 73 '?_‘ N TOEH _run_tackQ; / Tiw O/F Taske run rers!

CPUS a2 FosAul g ¢
ALYE Y ejolf 52 Al —~—— [ shete )
_é'\_éH A'i %2_'}% E]_ void TOSH_run_tak () { 3. equeue Task From Qreue aad txecuste 1t

while (TOSH_run_next_task () ;

/It there are No Exezutable Task then (PU can Skep fou

TOSH_sleep(); ;7 CPU Sheeps for 5 u-secs
_ TOSH wal() 2 nop for 2 syckss 1 _avrhardware.h
3 4, IFthere amnotasks in asko.eu.- then (U Sleeps and Waits
forawhile. < Power Awaenessmochainsm




WSN MAC Protocols

S-MAC (Sensor-MAC)

2 Motivation
o AMuwEi gliE o) A e Aol Yo UTE TIGE.
v HEEO AN LTt idle el
e RFAE S Aekslr] #all A 7Hed LAESF =5 sleep

2 Basicldea
o =7} 7FA & F7HA ) active’, ‘sleep’
v 2E7} sleepd Wl RFAE S AT

v =7} active? o] 4 7%

Sleep Sleep
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T-MAC (Timeout-MAC)

@ Motivation .
o 230517 7 Active state F 712 £9)

< Basic ldea
o S-MACH} f-A1sHA B3
e active Tt Mol Frle A Aol A sleep
v Duty-cycleo] 713

Kecelve Send

o L LR R

Actlre statc
{ |

Sieep state

Actise shate
|
| i 1
i

e T e e

TEEM (Traffic aware, Energy Efficient MAC)

2 S-MACY 93

Recaiv
T Laen €3S AR Lisen

vhec] r.ms[ " SRCIRTICTS | She

Sender T Deta YNNG

= Basicldea
e tlo)E] &S 1#]3%t adaptive ¥t listen period A<t
v $4 3318 SYNCE £2: SYNC . SYNC i
v "ol B4 ©] SYNC,, 0l SYNCAH %

e S-MAC & #4 Listen A7t F<¢F & 71 7} o] 9)of of ¢}




WiseMAC

2 WiseMAC: & A4 contention protocol
e CSMA9| 7| %=

o
]

=8te] S-MAC A& Ilsten/sleep7} Fle=

o THek - 7} the medium busy £ listenT-7tol] A A s
idle2 e} & 7} A1)} Hlo] B & AT w7} 7] listeng §-

7).

n}
=4
Q

=

o 2| 7}

o ListenT 7+ A 0}01 dYanE E9
’ kmva(wa:mr umemmm,v e
sghtmoment,  tansmit
Lwge |
By
Wake-up, Wake up,
xmdiumms rnedlumwsy
recehee meTsage:
3001-; l;“mx TTX P Prumble A: Actnuwbdoe]
B-MAC (Berkeley MAC)
2 B-MACS £73

e Low Power Listening (LPL)

v idle listeningS £0]7] Yl A WiseMACAE preamble sampling
schemeS A&

e No RTC-CTS mechanism

e Simple Implementation, Small Code and RAM Size

Protocol ROM RAM
B-MAC 4386 172
S-MAC 6274 516
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MAC-CROSS

2 MAC-CROSSY &%
e Cross-Layer 7I'H & E&% oA &4 T4 7[H

e Routing Agent=5-E] Next Hop Address B X E ¥o]2} 1.t} Compulsory
wake-up %A Z 312,

®
HAVtimerexpires @ @ © @
—

o T 0 ...
o ¢ o [M
[

Hode A sends 3 10 soth B At rodes ke rectuired Lo wake up.

Cisempto® @) Ao

“nseson g Tiatrosen fn
Domet GRISERN, Gl IS o8 i

Naviimer erpives D 8 e
L

w ¥ ®

oy

Nodr A sards date 1o node § Ony necessary aodss wakeon

LE-MAC (Latency and Energy aware MAC)

2 LE-MACY &7
e A9} A7 Ao UAS

>

i f‘d

Mg 2 &H A2 A2A Vs

—

5171 18l Carrier Signall

o U7 EET AEADL BN 23] 9)
A Eg st QS AT

¢} Cross layer 715 & o] &38}of oflu]
Balance & 95 MAC T2 EZ




WSN Routing Protocol

Directed Diffusion 5 2}

> Diffusion? 52}

A sink ol Aok 44 32
2 97 HAH AL AE A AA
oA dgwch

A ez dd 2 FAE A
g3 £ w20 oleo]r]s} Hejg B
Brds g R g2 E4AS

gradient2} 2 3o}

sink= & 0 22 coleld 297 98
AMA =20 bo]e] Y F7)E &Fol
oA A @ e AE s,

reinforce 71 & F4) 245 29
SHHE A=

p et
Sowce \
oty Sy
~-N \\;;x’““‘!’ \_,)L ~ ’0 s
& Y O{'G{\\
e ank Q Snk
(ayda a2z (b X7 gadiat 23
E
7 ~‘\ o
{ ource
- P)\\‘ o
o O~
o]
o Sink

{C)izinfarce 32 & §4 ACIE A
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Directed Diffusion2] =3

& Advantage
e Scalability
o A network topologyE -7 ¢ L Q Sl=
e on-demand,caching mechanisms .2 ol x| &4 A}&

2 Disadvantage

e AEE W7 QH3I =

o 2198 g F7) HE GAVE ERE

Energy Efficient Routing

=@ Motivation
e 7|E RS H Y shte sfaghE dg
o hibe] Trol] £o wEEL ALEH OB A L

& A%
o GE ==z ddA €8 BEY > BAQ AR 44

< Basic ldea
. @IHI g SRSt ES D9 FEES B9
g-8-2 F3l YEl dA2 dole HE




Gradient-Based Routing

= GBR (Gradient-Based Routing)

o Z} === AN Sink 7HA] 9 B & 7 &

e Gradient7} a2 H}g}
=R R B

o2 dole 4%

{a) Hop Couiter &%

{b) Hop Counter = GIDIH XS

Greedy Routing

= Assumption

e 5= k=71 74719) 94

£ g1 9
2

o Basic ldea

e Creedy & 7t5%tde] Ag
e RFGHARS] w5 4

AxE ] 7} ol "oy HE

Sirk

@ AN IR ‘L EB F Sink®
TH2 ABHI0 AN e EF Y

(b) Greedy Routing A2 S E R
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Geocasting for Multi-Regions

e o 0 o glemimms
o ° 4 5 \
o o O, o/ o Y
1arget Kegion A oo o o | b9 1
P x5 1 =
/x ‘\o X S
.")o: Kloo o o 0N RS
i 2
. b= 4 N S
\ )('}i”o Koy o X &
ot a *, °
] -4 °
X o o "o
had " e
o E o
[P o X ® o
[+ = °° o Q o -]
° J
o © Xﬁ X 4 °
Sirk Node

(a) Flooding of interest message

© 9] Regiond] dlo]g 4
e Flooding 7' 2 network trafficS ¢ 571X 71t}
o ™ Regionoll A& Geocasting protocolo] 229l Az E A 23

¢ o0 O o o“’f‘.ﬁi{‘:‘"s

’ o
Targd RegonA o a X g}
- ~, @

! X(X\io o
R ‘) : °
N o © ac o
B e %0
° o
g o o o

Suk Node

&) Simple greedy forwarding of interest message

s}

» gl

.

Proposed FERMA scheme

Target Region X

i Sirk Noue
A
o
Targei Ragion Y

(a)Fermat Point applied in Sensor Networks

6 a.0 © o o Taret Region 8

° -~
Ctregn © 0o o i )
Target Region A Oo ° “;( o )

1 "

,-.’};:""\\ O Fermat Polnt © " g
/ .
LEERdD- ¢ Yo s lo ,Q"‘o)éf‘_};/
L W o o
A !’
= Y e O
3

o
o ° R c ©
o e o % 4
o ° s %o

Sink Node
(®) The proposed FERMA forwarding

® FERMAPoint: 47389 Z2X3 <& RE|9 A9 o] a7t He F
o FERMAalgorithm A3 =29 T4 G0l 71 A4 & 48Tt
D  Fermat PointS 53l tlo|E S YE] Region2 2 A




Hierarchical Routing

= LEACH (Low Energy Adaptive Clustering Hierarchy)
¢ Cluster-based protocol.
e LEACH® @18 517 cluster head & A E1 &k}
e WPEF I F 2 934 Eob7H cluster header?t .

S LEACHY &H
o LEACH o] 2 £ =+ BS(base station)ol] £&3¢ =&31 9]
£ 71 A ez oA v g & ol
e Cluster head& 7 2]3}7] 91§ B = &3

IEEE 802.15.4 Standards
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IEEE 802.15.4 TG4
IEEE 802 LAN/MAN Standards Committee802. 1Higher
,/’/?*\‘\\\-N
“/‘_.x / N \,.\,,\M
e 7 . Te—
/,/ -~ e / e \\\\ N \\\“\.“ vee
/,/” [" . ““\n..\
802.1 802.11 802.15 802.20
Higher Layer Wireless Local A Wireless Personal Ar MBWA
LAN Protocols rea Network Wor ea Network  Worki Working
Working Group King Group ng Group : Group
/ / /.>“'\‘.\
. . -
TG1 TG2 TG3 WPAN /TG4 WPAN
WPAN/Bluetooth Coexistence High Rate ( Low Rate Task |
Task Group Task Group Task Group . Group Ve
o -

ey
+ ZigBee

Low Rate Wireless Personal Area Networks

2 LR-WPAN

e ALR-WPAN is a simple, iow-cost communication network that
allows wireless connectivity in applications with limited power

2 Main objectives of an LR-WPAN
e Easy installation

e Reliable data transfer BAND COVERAGE DATARATE CHANNELS
e Short-range operation

b LOW COSt { 858 MH’

e Reasonable battery life,

Simple protocol.

Table! cited in 29 of stancard
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IEEE 802.15.4 Devices

> Device types
e Full function device (FFD)
v Standardol] A F 23R E
v U EHEY coordinator7t

v oHT L=t §7Hs

it

e Reduced function device (RFD)
v AIH 7lsnt org
v Start EZF Ao AT 2t {example networks>

v Coordinator?} 8 = 91 &

v 23 coordinator2} 541

Network Topologies in LR-WPAN

2 LR-WPAN may operate as two topologies types

® Starttopology: %} Coordinatorg} F% 2] o8] =&k Y=
1= A,

e Peerto Peertopology: FFD7He] M- 22 £41 (AEF 7Hs)

Star Topology

Peer-to-Peer Topology
\T /7 .l( <
/ ——— / oordmatm
CUO:;‘?‘?‘“O' O g;:zs;:;ﬁ%s;:cgewce

+—> Communicaliocn Flow
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Superframe Structure

) Superframe

/,.r

slots& V1 H7) g E w

=

o)
2 slotted CSMA/CA 7] &

1
25 2l
e CFP /~l G%—f& TDMA Hc}él SR=18 )
O
E’

—

]
il %

o}«

Frame Beacons,

/ T~

time

Discussion

< Out of scope in 802.15.4

e Synchronization between PANSs in peer fo peer networks

e Achieving efficient Mesh networks with Beacon enable mode
o How effectively associate with device in coordinator

o How effectively select the coordinator in device

e Suitable channel selecting.




IEEE 802.15.4 and ZigBee

Application Customer @ ZlgBee Alliance

e 4
API o “The software”
. ¢ Network, Security &
ZigBee . ..
Alliance Application layers
o Brand management
IETEE IEEE §02.15.4
802.15.4 ¢ “The hardware”
l v e Physical & MAC layers

ilicon Stack [:lApp

USN9| &8 A+l
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e sensor network

Golden Gate Bridge

=

Hardware
e Mica2(cc1000)
o 7hEE AA
Software
o TinyOS
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Exscal (Extreme Scale Wireless Sensor Networking )

© 1000719 mote R
2 Magnetic, infrared, microphone
= Logical Grid Routing

= Reliable Bursty Convergecast
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Ubiquitous Home Service based on pressure sensors

s ¢
e Pressure sensor2 7 ubekef] 4 x) Pressure sensar

e Pressure sensor’t B\l AR E
7jaro 2 Alake) 913 &7

o Ak olF B2 uhe videodt
audio A B]2x A|F

Activatians

S

BSN (Body Sensor Network)

Microcontroiier
1 459430

Board connector




Hanback USN Equipments

Hanback Zigbex

& Computing
e Atmel 8-bit RISC microcortroller
e 128KB Flash program memory
o 4KB SRAM

S Radio Transceiver

Chipcon CC2420

Radio range: (100m)

Data rate: 250 Kbps

e Frequency range: 2.4 GHz (ISM)

o °

°

2 TinyOS, Nano-Qplus(ETRI 3123 0S)
= RFID Reader + RFID Tag (5)
2 Base sensor{1) + Multi-modal Sensor Board (9)
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Hanback Option Sensor Boards

2 Weather Board
o 25 &5 AYM 2717 AF AlA

fg

2 Bio Board
o WHIEA A2 A

& Home Board land Il
o Al £21Q] 747, 7FA ALA

2 GPS Board
o GPSZ A& A A4 7}

olr

2 Actuator Board
o 351 29N E ol A2 AF Alo]

Hanback USN Base Station

< EMPOSII
o USN Alo] A] AL
o SEU ST A
YEE Ao 715,
o < ATt connector AE

e Ethernet, Bluetooth, USB, serial and
wireless sensor communication.

o Embedded linux A& (kernel 2.4.19).
o HET UIE Fls HAl 23 AZ

il

&all ¥ UNS




Hanback Ubiquitous Model House 1

2 Ubiquitous Model House
o G x}e] USN Ful Q) ZigheXE o) &3k 4 A WiES= 7]
uhe) E UESNE VL) =Y
o UWL] = Al ABHEMPOS IS £3) Alo] 7hs
o B17 229 Ea T UESE A 75 AT
o TYENIE Aolal7] 913 cheke B4 Welol AT
29 G7]/E7] Aol
He Ao

-

LN
X,
e
2
2
Al
o
2
-
[
3
e
2
L

7tA A7) Ao

b

Hanback Ubiquitous Model House II
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ghalo] AT EE

2 FAEH AT EF

ElL L P Pl B ERALALE
sclAY LE-MAC published StEHlOlE AT B
TEEM Under Review £ 71292 Tiny0S

712 25 3% &

& Abe) > Staukd
ACM Conference | Numerical analysis IEEE 802.15.4 2ol ATENE 7] 2T

IEEE Conference | ZigbeX Under Review o] gl&.
EMPOS It Under Review

Ubi-House Under Review

2 AY USN 7]& 53¢
24 A IEEE 802.15.4 £ A}A] 709t -
otz o] e gt ofsl @ 7] = whe}
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Support Education 1I
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i Lo
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The End!!

For further info, please email to scs@hanback.co.kr
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