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Abstract By the progress of communication and hardware technology, it is possible to organize
wireless sensor nodes using the tiny sensor in recently. It is a critical aspect to mimmize energy
consumption for long-term lively sensor because wireless sensor nodes are associated with the
available resources. The wireless sensor network is restricted in communication, exhaustion of power,
and computation but it is very similar an Ad-Hoc network. Each sensor node products a few data
and application layer of each sensor has slow transmitting feature. Unlike Ad-hoc, which is usually
source or sink, base station of the each senor nodes works as sink and the other nodes except sink
node works as source. Generally, wireless sensor network keep staying fixed state and observing
circumstances continuously after setting up. It doesnt fit for the wireless sensor networks under
functioning of existing ad-hoc networks because original Ad-Hoc network routing protocol couldnt
operate for wireless sensor network features. This thesis propose the effective routing protocol way
in the filed of the expanded routing protocol based on tree with considering on the characteristic of
wireless sensor networks pattern.

Key Words : Wireless Sensor Network, Tree based routing protocol, Ad-hoc, Energy Efficient Routing

+ GPUstE gl PR EAF
o JFREGT FUEATEY TS

._65._



.M E

HZ Odd JE #8749 wge] W& 74 F
A 71e, AlA 71E, MEMSMicro Electro Mech
anical Systems) 7|&, A A8 dx T} 7%,
A AE RF dA 7l¢ 59 2L A=zL EA
ok 74 AA MELZZE st Ut o]
ek AA =52 A4, dioly A, B4 &
252 FAEY. w$ e Ak T

= o
r= =

5 ze2 9
A Ao wixso] FAH MM YEYAE
date] oF HYS HAY F de F UEY
A, Abgdol Hsly] &3 3D Al FARE
gh, AR, T 53 22 Ad A 5 o
4o g RUEHY Mu|2E AT, &,
TAARL &%, ¥R o8 F o7 WHdA H
23 AEE FA3 =Y o] &5 Ut
<ag 1> FA AA MEYIS ZEHA

5o wix® AM HZ(sens
or field)9} F L& AZA3t= 71X = (base stati
on)eE FAREY. & AHEAIY S8 VAFS
ot Al HrEo HoE AdsAY AN =
oA #E dHolHE AL F ok

<I¥ 2@)>T <" 2b)>= FA4 AA
Efag 7|22 3lE RFID Al&#(Radio Freq
uency IDentification system)e] «& Bdo Fr},

USN(Ubiquitous Sensor Network)2 Az, &
F-0%, 9 2Eln FA wixE Al wo
ZREH deolg & FH9 A + de HA

49 98 HoFEa )

A
(o

9 .
5-)\*’)\“?"//\—//.

VM=

&A;L‘}

.
s
-

A AN vESZe )R P2

¢ Service and applicati Qn -4

Acooss notwork

Laligiar
PCE

Gateway
B Fixed Server
B Fixed Reader
& Mobile Reader
¥ Tag/Sensor

a9 2(a). RFID Al&" 72

83 BHAN, (AS) @22

BR/KRES SCM. M@
LYHE  BEASY

ri -1 [HE=ES
ITSALE, RBRI

T 2(b). ¥4 A4 MEYSS 78 RFID Al29
NesE

T A dELIAA A ==s Y 3
Zolv A A E oinls] HZo] oy A
dolZ wixlg = QoW F4 AM HEY=
EZ2EZ2 27| FA(Self-organizing) %
7HAH AN =EE5L M2 gEstd 33y

olg® THE T4 AA EHIE d= F
wul FAREA e A =] =Z7|7F A A g
H AR A F4 A 58E 7t vloja
2 AAER FAE Jo. T8y 7]E9 o=
E oA AIEHE =252 R o] X
8 S A4E £ JdAT T4 AN EYA
AAE Tl B/sd EAS MAx Ut o
A A w=E AFE YA AYE BFE A
E3HA HAE o o) 7

to 1o 2 g

>

_‘

2ot A F F
A "ok F4 A QEYIANAN =9 X
Al sAHoF & MY FaT gdew ¥

< 5 doliel
2 EddAs FA A HES A ALE
=59 AR U FRE o] &3t

41 0
%

_66_



AA HEAZNA 011141] a&dd 9"
EZS AUt $A 27N duix &
By ZI2EZ did /EAHYA Meet ¢
TE A9RI, 3FdAME EY 7w
2 EZ(tree based routing protocol)& 3s}]
AR E neie #f9E ZREZS A3
Follde AEH)AE Tl Aot
Z2EZY A¥S BXH3a vix|doz

ol =
N

i ﬂdo

—[o

A AN dEYAdA A w=e F 7%
“d (sensing), Blol& A &l(computation), A
(power consumption), Z&x HA £ (radio
communication)° gth o] FoAA AUA AR

T HEE FASAE o] 8T o 24" TH6] 2
EiEi Fe ol st A7t F2 &
RS

T4l
ation)dto] A&
TAG(Tiny AGregation)[7]7} A¢Fs ).

o2 ¥2 OW

to £ >

£0]7] H38 diol6E T3 (aggreg
-GLOE),q EAL u(;-;;]lc{_]

ZO]‘—‘:_:

o)

AL VIEHer Ef V)Y B3R ZI2EZS
AbgEEE 2 =EA AGstE #@9Y Z2E

234 44 BgEd FH AA dEYI do
He $388 9 2E ==oA 23ste Hol of
Yzt A dlelEzt Bag == 2% (que
WA EFQE X ARE Fol:
A Zﬂ"PE]‘ZiEHS]

T4 AN YEYIE AX =559 ¥
ﬂMEié A, a2gA BA A Y
e B39 dolest B,
S uigto g ALgz7E 833k HlolE 2 Alzk
tolg $& wEA7]7] g8 T B
E dA3td 71X F(base station)o & AL
HolE 2 ZQozH w9 JUXR L%
= A7 #3852 AoH9l.
Fr1Hoz e o

M o

S
i
B
i —{N & dn o jo

N'INFIF_OXLOELMHU

mlm

©

T4 A4 fESAE

HE dAg5str] Wi 71z A FE(collision)
o] WAzt o FAHE MAsr] A F
M AR SHAA B A7 Hol o
AX HELGZANA dAHA e T4 AXA
3l PSFQ(Pump Slowly, Fetch Quickly)[1
017F A=At o] HAYELS H&Eo2 AR
AEsta, § ththop by hop) HA &4 B
:;:ag{s}oq EA oYANL BB} PSFQE
EHd ETE AdaAT F949 4=

©@ZHend to end) EA °V“*§ Hgsta
o AN =7 VAFeme kgAY QdE
dolg A4S Yal ESRT(Event-to-Sink Relia
ble Transport)[9]7} A]¢ts ¢}

T3 A YEHAE A8 AgE gRxzHQA
21267 78 9" 71¥< LEACH(Low-E
nergy Adaptive Clustering Hierarchy)x Z# A
g 7Ek g9’ vIgos FAaH =) F
gl2Ee WY w=EZHE dolHE 38
“lolH #H(data fusion)”S 3} dlolHE =
A AR AR ALeg o] 7He EHL Y

EdZ e RE AN ==F oA 4
FASA BAATZ) A8 oldx F ek
ste Y2 HEE FRYR $38A7)

AAHQ FAHE&& Zol7] S8 FelxH
oA Z2EUY dolEE Hof x93z
FA e 71gol A<tEATHITI.
TEEN(Threshold sensitive Energy Efficient s
ensor Network protocol)2 AA w==Eo| F7]
Hon AEE dolHE 7AX FEves AL
Al eki, LEACHSE FAMSHA 23t TEEN
< AR F% 53 2 LA sF7HE Az
QA A HolE7}t AANHoz ADH A
ftol Selxe ¥ AA A7l ”J—"S—QEE <
& wep AFERIL A 2n 9 U EYA A
dde FEAHE 22T £ e AL MR

tH18].

o rz: 2

N
ofN '™
£
X

AR

§2 1o ooty mo

rir

O

=
=

.\_L

=
(&)

mlo

o &k

22 dolg 3

F4 A4 vEYaE £ AN =2
dEcH12) o] T #F "HolHE FH3y)
8] " 9)o}(query language)E o] &3}
Halo] 2 ALg "Il A x

feorr o

_67_



st

Holg & 2 e B
Z(field) & 2zt (record)2 A& 3tA =
t g2y I d3=g A4 AAe H3(d)
o} AP A7Htime stamp)E X3} o] FH
dZEo] B E4bd FE 9 H o] E(tabl
)2 dAgg. old WAow ©HoHE A
o224 AlA Fe] HolEHEL AFfARoRE FEA
golglwlo] 2~ AAHo R 7H5FE £t

<E 1> 2ol Fejst oA

Query Template Example Aggregate Query
SELECT {attributes, aggregates} |SELECT AVG(R.concentration}
FROM {Sensordata S} FROM ChemicalSensor R
WHERE {predicate} WHERE R.Loc I region
GROUP B8Y | {atrributes} GROUP BY | -
HAVING {predicate} HAVING AVG(R.concentration) > T
DURATION Time interval DURATION | (now.now+3600)
EVERY Time span e EVERY 10

e Fejo] delole] Peish oA <E 1>
oA BeETh Lurael dolE o]z Axdd
Aooist fAbsteh AT, AolFe ALHOR
Aze dolHE ol 271 A8 %7 (period)st
Azt 2 (time stamp)& BASHE ol 7}
ot Aot BAFIE FA AN vES
29 $ak Fe 29 F Yk A 7

24 2383% dudA LHE €4 F

¥o 1

23 E2| J|ut 2l2Y Z2RE

24 A YEYIE 5l$ 7de
g 7)4k 29" TREZS ALEF
9] o= & oA Z2EZS F
oA FA Feje EAHS &
4 AA =
E goxgde e 5L %

2 A(sink)7} 2

q= 5 AAIE & s 7
[ez]

=

o 8
iﬁ

X M o

2
£
m

off ™
=

ol
o

=
m
o
|
Lo
fi
r
N ot
u

far g

32,

™,

:
k)

N
jgrm
1 X 0 o 2§ do i im

i
il
o

e b oIn 8
+r

2AE AHE FAHG. 7E o= F w9
g9E TEEFS FA A UEYIY EAS
g g = gl

<Y 3> o] Eg 7¥ B9y ZIEF
Abgsto g4 HEl EF(multi-hop) EAIS A
8 Z2EZO] AR s HIE
o gA HEHT AN goll M
JZ7kA] A6 HAs A ALgdr) o= 3
Y Z28Z2 dolHE B v}
9ACE dasht EF 7| s
B

ol
2
L
]

[
2 8

~
ox T
B

I (6

i B o

X o ot o
e =

X o

O N oo gL
o[> K ot do

e e or

Janx B2E ARFoR
4% Bt glonz %

A

a9

F

o2 2 oo &2 oo

ZIWt 2198 Z2EZAM 99 A=
7] s 1Al 27 HE 7R =0
2 oA AR AA WAAE HEE
(broadcast)stAl ®t} ol& FAIT A&
AN AR FY FE =EZ °
stAl At AR AA WAAE FAS =
1A =] FAlo] & Fo o]Fo A

A ok Ay R 2

A

o2

Y rE o
[0

firore o rfr M

N

HA® F AN =SWEE A
%

A fo Ay koL AN e

Wo¥o w0

N
)
> A

iy
i
m &

g Tz gLEAR FoAgd 5 YA "o
= & g2 xale] AAg HoHE

v 9% o]9e] FH =9 AAA (connectivit
S Bk 37 wWEe] F9

Ao stA "o old 5L

@hlEHA o &, dehg B FH o

=24 g JYuA AEREY zZFHAT o] &

o s =

m
)



A A4 BAAE dehdth 54 =57 B4 a
Foz A8 dure) duAT 2xed] £7 € =) T(n,n,) o

of WolAlE A7t wABL W} o] wE7} z A
o ol4t BAlol Aelshd Eobd 1 wEE %9 T(ab=k (4 2)
5 AR AL3d xzEY dFAde BERg

& QU BT old F9sh BAT A% WA T shiel HelHE FAse) AXNTAA doly
¥ AN MENRI) AFE £ AE WA ANz B Added 2ae

BE U9 F Fo] 7+
2o ArE MAse Aol MY a3 A
dARolt), 52 104 T(ab)x= w7t ¥
) =T=ho A HolElE BnE W AREHE 94y

AZbE FrolA Al "t %
2
=
@ """ xolt}, AT AXx vE pREH AL =E n Tt
4]
e
5]
Hr

o,
o,
fitt

g B84 doldst AdsEE 49 o
22 =E pfEH &2 kB oA SAEE
2RgE A4 UAD o7 74 wEE
oBl2 AFsted o YA HolHE
O 4 F YRR mEE e 4% ged Zed ouAst sdsnd  T@h=k

K=

A AF AFE B F U3, BF e UolH

o FAUS mA7) AA AET BEE ) gpae a4 g2 § 5o NABGD B
ABshE DA & w=s GUA BHE S 4 ogg an 5 42 ausd § ¢ AL
deld Amg ARGs Bua AdAR U yo2 guwgd dolHe desed Bad
7 xz dux AHE & Jdu HZ AA AA AUA 7 Al AR olgoas oy

SATE T U g ame Hasisiel WA M2NTE TN

g% g 4 qn
BAND F A A S s s wmg) A4 4 ouH AHE

N 2T e uAst He wErt AUAA Be
cut we PR EAS BYT £ Uk vE

71E g a&H el 2e Agsde Aol <2¥ 54 w= 7t

LY AT wE CF PR REA% REBE np we AsBY olud guY vEed @

TAA 7 W, == C7F FE ZAR AAANE 4 e Do} E¢] oz AEl7bA H|ZEe o

22 G FE m=d UK BAS HRHT B gy ggae A2E 43V o WS Ae

&4 A28 AT YL = A shef #4444 MEAD AA Auls ADe G
AR F Aok

gee ZREZAAM 7IAF74A Y
TE AR FolA oA FHAA
A AERE Agsted o

A A g
A 7 AZAA HelHE £
3 F AUAE H4LE St A4

ole,

_69_.



@8 §Q @ﬁ a@

(a) (b) (c)
39 6. Mnmrex WERRS o]83) 2198 2 A4 2

Min-max #HE
max WEZHS AL&3}
7he Aol

2 =FdA= HolA AAG WEHS &3}
o ALESTh AJEHolHME ¢4 ~r]°ﬂ’\1 Al
Alg HEY FolA A2 =EAAN JXF7HA
dolHE HEstEd 2o dUAE HAR
v WEYS AMESt 7R 74R Y] HA F
& HAagsto 9 dHolHE dEsted 28
AR E HaAFAZIY o] HAE AEIH &
Ry dUyA SHI HA §F 7 BE5F7F o8
o] AlA "ol FAl FaE Folil HolH dF
A A A ZHdelay)o] Eol=& o]Fo] ATt
Tef xEEo] B2 F FE AW Eg 79
28 Z2EZAM AlE3l= min-max WEE
AgTgdozH HAZ FAANLE F/HAE F
o] 7IWME AREstE B4l BEHE AU A 7L
A BAAE F A3, F =29 I

LEge H2FANZ & o

mr oo

f

4. Al=8olH

AYAE LHE 2h9H
e Agdold o B F 7

2
O
i
re
By
0
fm
5&

2
<t
bo
b
S [H Ho ok rff B oft X

€3l Min—max HEZHE A&

T4 A HELA A7) 200*200m
S = 1007}
== EA 7V A 60m
=9 93] pil=
=29 o] A &g
B277) 12
Al el 3 103

<O N> 99 #8HdAA AEHIA 3
Re W EAHQ EY 79 g ® ZREZI

TH A2 AA dAGA APHE IG9" A
2 Edoth. <19 7(b)>% 3FA At 7
AZnA e AA F FE ol WEHI] EF
71k 298 Z2EF o Min-max WEZS
e A Algste] AUAE e G H Z2E
S 739 S o, e A2 AA dAdA
A EE 2" A Rolth

off

o)
3
i

—d
jgr}f
=N

£
B x
_"_VZ.
™
2&:&
ELU

¥ L
L&

. }\‘1 E]:’:.

\1
,d

0
=

ot AHAZ §
ALEE 7 Gl AJZto] o

£ B3t doHE $54 & fv‘— AE Al
ok, Al EFo]Ae AA W ==
Aot 7] AUAE de2 HAso 103
gk <a® 8> ZHzhe] Al E-#ojAd
ZE9 MH|A AlZH(service tirme)d HAAE

e,

>, i

a2
rr
> 2
N L
5 X
o
b
n
).
i
Y 3
2
I A 1

F

nd,
U= o
r°1'

ey
T N

¢

=
o

H o de 2o o o |r

|
~
o
|



<ag 8>¢ ag=Eg iﬁ, HTFH S E Min-
max WEZE HL&e #ey gugFol H
26% TAE ME|2 AE Xﬂ:‘g‘:ﬁ}i BogHoz
v 15% AEe] F4d Auls NS AFTsE
A& 4 F Ut S B2E Mdusted A
o Min-max WEYS HL&FgoIN HIZ {7
Alzko] ZE=74EHAl Hil, o]l&2 ] 7 =E9 A
H| 2 A Zbo] oy AFE 08 + Utk

-
t

a

@
)

B M=l A AMZ4 (normalized)
p (=]
P (3]

©
b

o

ZiE E2|7|¢ e E
0 mn_max 2} E

<% g>= Min-max WEZES F43) 2ey o
nEEFe] A5 oduA el wet F4 Fa #E
i3 c
Al %

Gl Fo=2M AZko] AErF A =29 oy
3

o7t 1%

SR AP 3

Ji=o] ER|7(ut 2iRE
L 0 min_max 2H2E

;j. 1.0t F

%%0.@9

.2."";” 0.97

K 8

sr-= 0.95

2

& 08

oo

0.89
2% 9. =9 ofuix Y FAgk

<Y 10>¢ adEe HdA =89 A7
e Fa 43S A8 dotur] du BIF
7k A wbek 71X 3ol =a3se Hol e
% % 245t ved agzeltt a9 109

ke
r&

0RH BF F717AA F g4
Yol g 7 AT e 5
L% 6099 BB FA4 A9

g0l AYH 2= HolHE 7]

o S M
- 3
4 L

D R A IR

S 4 X ode 40 &
o
:L“'

22 Noe K

= z rlr "

£
(e o i
2 H oy

im
A

N oo

z &

2

z

1 3o [
R

B
S

=3
X

o

ol
o

SN
ot & @
o rr 2
U
x
ol
il
N
)

ool

nj

olE{7} 7] Xl%ii

o o K & o2
(o3
2Y
o g
i,
Y

l - MinMax -

4 Jorn s dont 2R
()]
<O
T

50

10 7123 2] Tree-based Routing

30

20!\Jl\\\J_Xll\)_k_L\)\\\\l]llllll
1 51 101 151 201 251

#»& F7HSen<ing Perind)

a3 10. 79k 3% do]el k] W3k

T B 2Ed dEe] AFEH Ve 2
He s 7%” Aaz1e) AMER olFox A
AA HEL ;LHO}E AL 7HeatA

A s @A 4A8 e Al

BE St AHgAead Agsie 988 @



A HEHzE 71&9 = & F4l
< A YA R gukH o R J|E9
7 v wde ¢ A3 ALdE A
ag7ld 7|&Eo dAxH £ = F
ZREZS agl2 HEA77de
ot} AA dFEoE ALLEHE Al
)¢ 7tehe el g 22
Bo|t}, B =RoME da FA
oA Bo| AHgHE EF 7l &
Z2E ZHte 2 &to] oYX E e
min-max WMEZL H&gFozHN U FHo
A 2o E"Z*il %—}0}—: 298 ZTREZS

—d
oX
g

O

12;3 in o -
LOR IR

e i o
° o

K
Iy

o
N

o —
T o 3o

i LUm°"

<
Y E

= 1 R A \= A 3 - = v
i)
Mo

Tl 2o
lo

il
!
&

A otslPr. o] TEEFS o|&3t¥ & FHF
B TZEZ H]sﬁ 24 ]Ac} ﬂivzw e A
AN & 9Jee ABYolAE Bt & F UTh

S

(1] S. Tilak, N. B. Abu-Ghazaleh, W. Heinzelman,
"A Taxonomy of Wireless Micro—-Sensor
Network Models,” ACM Mobile Computing
and Communication Review, Vol. 6, Num.
2, April 2002

[2] C. Perkins, E. Belding-Royer, and S. Das,
"o & On-Demand Distance Vector(AODV)
Routing,” RFC 3561, July 2003.

[3] W. Heinzelman, "Application Specific Protocol
Architectures for Wireless Networks,”Ph.
D. thesis, Massachusetts Institute of Technology,
2000

[4] Charles Perkins and Pravin Bhagwat, "Highly
dynamic destination-sequenced distance-vector
routing(DSDV) for mobile computers,” ACM
SIGCOMM ‘M Conference on Communications
Architectures, Protocols and Applications, Aug.
1994, pp. 234-244

[5] D. Johnson, D. Maltz, Y-C. Hu, and J.
jetcheva, "The dynamic source routing protocol
for mobile ad-hoc networks,” Internet Draft

[6] K. Sohrabi, ]J. Gao, V. Ailawadhi and ].
Pottie, "Protocols for Self-Organization of a
Wireless Sensor Network,” IEEE Personal
communications, Oct 2000

[71 S. Madden, M. Franklin and J. Hellerstein,
"TAG : a Tiny Aggregation Service for
Ad-Hoc Sensor Networks,” ACM SIGOPS
Operating Systems Review, Volume 36,
Issue SI, pages 131-146, Winter 2002

[8] S. Madden, M. Franklin, J. Hellerstein. "The
Design of an Acquisitional Query Processor
for Sensor Networks,” In Proc. Of SIGMOD,
pages 491-502, 2003

[9] Y. Sankarasubramaniam, O. Akan, and L
Akyildiz. "ESRT: Event-to-Sink Reliable
Transport in Wireless Sensor Networks,”
In Proc. OfMOBIHOC, pages 177-188, 2003

[10] C. Wan, A. Campbell and L. Krishnamurthy.
"PSFQ : A Reliable Transport Protocol for
Wireless Sensor Networks.” In Proc. Of
WSNA, pages 1-11, 2002

[11] Y. Yao and ]J. Gehrke. "Query Processing
for Sensor Networks.” In proc. Of CIDR,
2003

[12] G. ]. Pottie and W. J. Kaiser. "Embedding
the Internet : wireless integrated network
sensors.” Commmunications of the ACM,
43(5):51-51, May 2000

[13] Smart Battery System Implementers Forum
(http://www.sbs—forum.org)

[14] P. Bahl and V. Padmanabhan. "RADAR :

An In-Building RF-based User Location

and Tracking System,” In Proc. of INFOCOM,

pages 775-784, 2000.

K. Whitehouse.

Distance,”In localization. millennium. berkeley.

edu / data_repository.html

[16] Edgar H. Jr. Callaway, Edgar H. Callaway
"Wireless Sensor Networks : Architectures
and Protocols,” AUERBACH, 2003

[17] Wendi B. Heinzelman et al,
Specific Protocol Architecture for Wireless

[15] "RF Characterization over

"An Application-

Microsensor Networks,” IEEE Trans. on

Wireless Communications, Vol.1, No4, Oct.
2002, pp.660-670

[18] Arati Manjeshwar et al, "TEEN: A Routing

Protocol for Enhanced Efficiency in Wireless

- 72 -



Sensor Netwoarks,” Proc. Second Int’l Workshop
Parallel and Distributed Computing Issues
in Wireless Networks and Mobile Computing,
2001.

+ 9 g (Byungrak Son)

2000 29 DTUsE ARE
A FstE AzF
A(F8A}

20034 39 ~ AA HFoEa
e AHgAlEatad A g

(BA Rk : dEYl QoS, 48 Z2ZEE, FA

AA MEHYA)

Scop s

A % 3 (Junggyu Kim)

19849 29 AMTStE AAF
sh3 £¢(F 3D
1986 29 AATistm ekl

AR E4(FEHAh

19924 29 QAN T HFY AT 24
(Fshaap)

20003 9¢ ~ 2001d 8€ University of
Massachusetts W& g
19929 3¥ ~ A dFuiztu HEFAFER

e
(FAEF - AFHIENZ, AHY QoS, AA

HESYA)

- 73



