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ABSTRACT

The study that automates the variety of equipment using the USN(Ubiquitous Sensor Networks) has been executed, and the research field is
ranged to almost all fields including a road, harbors, building, military affairs, agriculture and home. By deploying these sensors into the
greenhouse environment, we can monitor the environmental change and the growth of plants 24 hours a day. However, the limited resources of
a sensor node like limited energy, short transmission range etc, make it difficult to expand the size of the sensor networks. In this paper, we
studied to expand the size of sensor networks by using WMN(Wireless Mesh Networks) with simulation. With this simulation, we could
validate that using the Wireless Mesh Networks technology for expanding sensor networks is more efficient in the energy aspect than the
normal sensor network.

I E
Ubiquitous Sensor Network, Green House, Wireless Mesh Network, Energy efficient Routing Protocol

- SHUSD MBS HAlE H4 Rt 2008, 09. 03
o 2HUET MEENBED whalnE
o SHUED HESATHD oAb

$ 20D HEEASE DRDUNKY



S P RENGE =FA 2124 A 125

I.M E

FHlAH 2 AA v E$ A(Ubiquitous Sensor Net-
works)= 17He] A&FZE, HE7]7, V1A T BE AL
Bo| ART VI5H HEHZ 75 & T34, 874
g ge AFAAE B3l At A HH 2 7]5-E Al
FFoZN A NG He YA AHAAE 123 8
3 Ut} AA x=E(Sensor Node) = 1] H E{ 2 ALA 4
EYas FHE T BRI 2402 FY #AS
EUHYHAM AHJ HEHZE T R 7IEY &
T4 A 7168 o] &3t AHE AL gt HEHA
Aol 7hesict ShA R AN ==& SR E oA
AYoz YFE VEYIAE FE5= AL £HH3)
o]

e PEE R NS EE RS
|
)=

M

3H$-2(Greenhouse)ll EH A &4} o 4=
Fo)7] Y3l rulFHE 2 -2 E AT T4
HENIE o] &3 A a&3< AA WEHZ
A Qrstar, Al g o)A gt

FolAE 2~ 2 -2 AX EAIE 753
o HEo] Ao ag A delHE BUH YT,
ol 7|Wto 2 7 10 AL A Ft #74 o]
HZE 2R, 45, 25,00, 3%, 3¢ 5 19 3%
2] 28 Ao Fa 3t dlo|H & £#13r. 3%
dolE & YAZZE A&7l Hs F4 oA HEH=
71e& AH8ste] WA E g8, MM =L
3 eH g dgs

2 =79 AL U 2o 23 A E frulFHE
2 A HEYGZY 7 v MEY I Adg A+
o vl 7|&st L 3N A e I HE L 29 32
A 7 A EYA 71eS Alds] 4730 A
Atz gt A Eeo]d L AFHFAE BHAFT
;{Ol-o]] }\1:—_ H22 ul E.];}.

T EaTE R

W o tu

2.1 IEEE 802.154 7|8t ¢] $-u)H )~ AAY EY A
FHAHA AN HEYIE Z4F AAdA £3
FAHARE FHOR AFE T YUEE TAHT U ESY

Folth AXE AAE &5, 71&E 92 AW, o+,

2308

Zeoz A$3IUR]. FulAs A4 YESY
IEEE 802.15.4 7|9t o.2 A A8 R A7t A& BE R 3
= A4 278 FAF Aot} IEEE 802.154 ¢ £
Aol FFE EAY 24GHz(AAA), 915MHz(T]=),
868MHz(+H)9 787t 94 BF EIAZFE At
£3tE - o] otk diole 9 HE-L 24GHzo A 16
A4, 915MHzel A 10 Ad 2] 11 868MHzl A )
42 55270 F e Ads Add 5 3, A% E
< A9 24GHz E oA 250Kbps7HA] 7HE3HCH3].
g8 238 18 A2 A4 YEYZ F2E Y
Bz gt}

USH SBNEIA N

USH mENG A5

Boti e %
A2 YEYI RS

USH 5508 A3

L]
£ LEL }
@ |
(o) feid m ’&%
; y ey |
O oy | | O s ) \© dss |

O 1. FHREA MM HELZ X
Fig. 1 Ubiquitous Sensor Networks structure

2274 WA EHA

A4 o4 v E$] 3 (Wireless Mesh Networks) & 113
Holgle 4 HEH I &EstA] g 74 Fdnt
oz YA YEYIE FHE 5 e 7IE0lT ol
FEA WA UEYIZE A VDY EYAE 75
57 D& A NAM AAHN WELA A=tE 75
g+ e ARS /HAYE]. g 29 28 T Al
EHa F2E Ve it

BA A NEYAE 39 =544 el A
£ F e I T2 E Y X (Infrastructure) & A 3HE
HEze] Feojtt & FF-H o] WE S 7 w4
HEAIZAHEF 2N AFS e 3 A8 S

goled 54E T 5],



FH AL 1"

oA 9le B4 A4 HENLE ol &8 X £EH AN MEGA

R

internet

Wieless l\x‘nsh\
Rackbats
. +, h -
v W &
N i

’ v
Wirsless Hosh Clants A

. . %
PN ,;j__
L

Whesk Famors Collior tommerts

3 2 M o4 WEYZ #=X
Fig. 2 Wireless Mesh Networks structure

4 4 B Y FRE 7|EL %’—ﬁﬂ%
IEEE 802.11a/b/g =& FH|HE 2~ A4 VIEHAZ, &

Ve ER D EAUEE ER: L 20 ﬂ
7] $15kof o2l 78] 70| £ 9l o) Gateway) & E 3 S1E]

FEEEER EESE b

II. {H|FEA T2 5IRAE 98t
2M oA HESA

HE & RAYEYAE w2/ EAS S F

= Aele] AR E FANFE FA mE EH S,

A =EE BaM 7 =& Ato]9] Fale] o] fojdl
o 74 4] EAIAA FA =& w4 2y
o] B} (Mesh Coordinator)©]t}. w4 Zc]vo]E & o] &
FEA A VESA P TUF ARE BT Hol

B el P E o)L, Hole SAA Ly

= 33t E modolEd JFAIZI 873 A4 2
35 Al A t)ubo] 2(Sensor Device)® ™4 Z Tl o]H
sEnt) 53 7)ol Ak 52 7jFo] AL AA b
o2z LA ARE FG A VENAFEE A
A 4 qlrk
oS 28 32 fuAH s 2R AE e 7
A YEHIE o] &3 Uiz BEHQ AAM HEH
A 3FEE BAFn gt AEd el g A Fetd 2zt
9] W ZUdlolHE AoJEdelg FHoE T4 o
AVEYZE F4% ) w4 ZovlolH & H4 WE

43 dAo) duHW F99 AN tivlo]~E BAE
o} 472§ W 31 point-to-point T4 & F3 AlA] Tirfo] =
2RE 873 volEE £} vl4 AYdlo]E & Al

A Huto] 2278 A9 HolHE
AolEdol 2 AEHn o2 dddirt.

A " Internet D

- Mesh Link
- (_ Mesh Coordinator «— Star Link

( » Sensor Device

() Gataway

T2l 3 SHFEA TBERAE 5 24
|4 HELAE 0|83 X E8Al
MMUESRR +=
Fig. 3 Energy efficient Sensor Network structure for

ubiquitous greenhouse by using Wireless Mesh
Networks

14 ESAES o] 8 A YEYA AL
7120 #43 24 ok A olufo] A9) o1

3
A 22E 29+ e

a3 4 MR =MA| oM A O sleA 25
Fig. 4 Real Greenhouses example in Suncheon Bay,
Suncheon-si Jeollanamdo

2309



S FHRENGH =EA] 128 ARE

o) 2 4t A TUH$29) B0 Aokes
24 o4 MEAIE ol &3 AN VEHLE A B
o4 371913} =Y ek,

gegl1e s

=2 A g oS sl

E 1. AMEdojd 4y

A
=

A

Table. 1 Simulation parameter setting
Tl
74 w4 74 %
A g9 WirelessChannel
T Ag Ed TwoRayGround
HEL A I g o] TEEE 802.15.4
o g3 IEEE 802.15.4
F a5 2.4GHz
T BEAAY 70m
o Z 1Mbps
% 5 RulAEA 22 59A W2 MA bl HEEREEF AODV
Fig. 5 Deployment of Sensor node inside ubiquitous Z27] =2 dyA 3]
greenhouse LA A H 17.4mA
FaHE 19.7mA
9 O 5+ A" s adsheA Ui AXE A B0 A7+ 1002
AN ==9) 913 & Yehd, 7] £ CBR
7] Afo] 2 25byte
A 771 5%
V. Al=Zelold % Zot 24 AClEY o] mE £ 17
4] U YolE k= § 1871
2 =i A Adste FHAE A 1UES 28 4 AN e 5 287
g5 b4 NEHZE o] &3 A4 YIEY A9} IEEE

802.15.4 719t MM EHIE FUF ZHA L ZNS2
& AHEEt] Al B o] & ests )

2} AlA tinpol 2o A A E = o] E| 7} HF Alo]
Edol2 A4 HE HAFNA T4 Al UEYAE o

g 1Y 62 EERA] T2 AEHold 1Y
3¢ vehdrh,

&8 44 MEAD F7 =9 A4 FoolHG 0l P

IEEE 802.15.4 7] %] AIA EQ A9 FA == A2 S

vEGinknod)e] AR A FT 2g HAL AR A %0 e

EEEEEEEE ELe % B0 6 0
(A) e?

41 A EH ol 87

A& o] A2 3000 x 3000m) ] X E-& A3}
ULz AlA Tinpo] 29} A EE £ X :
AlA Hutol e} v FrjdolEle] FA A AA
AN JEY AN BANEE S AE &
gate] $£A HHL 174mA, 4 AHL
PER(Packet Error Rate)7} 1% =& ] ¢ 7T0m= A A 5}

a3 6. AlE2o]Hd ME 2y
Fig. 6 Simulation process

2310



Fo A A~ 21U AS

A% A A ESZE o] &3 ouiA) & H AAM vEHA

42N EH 14 A3t L B
PR ABdeld 23 3 gL AR 9oz
£ A0 12 AR A F, EF AR, 4R WA
g 24390,
]

e 28 72 ZH2te JEY A #A3 dlolH
HA 9 M FE HelFEo ¥AH o2 [EEE 802.15.4
7190 AM U ES29] g7 X2 #o] A 4 vE
HaArTd 2 AL &I T 5 9l

throughput of generating packets
%00~ l ! ' -
|
800
|
gmnf :‘
: i
g
5 600 Il r I i
2 i
% il ’ 13‘ i
ol o
3 f b .
R L R DR
H h!“:“lhi\[\‘r:‘l‘
CECTR ] IR T T L B
i | | i : . I
RN
5 v\ ik Wortil ] [
200 | vl AN | ' |
P WG e
]
wori
!
. . . . . -
10 2 E) © 50 ) n 8 90
simulation time [sec]

(a) IEEE 802.15.4 JI8t e A WIEYT 3! M2l ¥

throughput of generating packets
T T

e

g

woughput of generating packets [Ne. of Packets/TIL}
5

the
3
8

Jo (. : .
VLI T R
VIA VAW W g iy
10 20 30 40 50 &0 70 80 80
simulation time [sec]

(b) 2 HH UEHS WA Mg

g 7. 13l X2l
Fig. 7 Throughput of gererating packets

g 19 82 Zhzko] YEY Zo A A 7he] mE =
& WA %5 ek o) IEEE 802.15.4 718k] AlA W E
AZe 27 AEH)H AEEE 2§ = g

EFi, A&EH0E e HFlo] = HE AL U @
2= 3lt} 2 o] 1= IEEE 802.15.4 7]5ke] A Y EHA
N FA =EA A3 =29 AA YulojartrzE
HEE FAE o] &317] f ol 7l FEo] Bol =F
== H7lo] F7hstA Erh

7
e B4 v MESRE 27 W4 2o elH
Atold i MIER D A2 = AAo M = HAF
o] %1, ol % A4 duto] 27}t B3 diolH & W43t

£ YA S E A gl e AL A #
FA=E A E 4P W mEE W =
AABE A2 v 1970w, A4 el o] e
147l o}

throughput of dropping packets
i . [ —
500+
450~ -
o
) ;
& a0 P
]
z
2 +
€ a50-
%
e
Z.300- 1
§
& 250~
g
g
g0~
]
3
E.m‘ 1
3
I
£100%
sat
R B . POt ' [
0 2 £ 0 50 0 7 8 0 100
simulation time [sec]

(a) IEEE 802.15.4 JiEre M4 HIEHD 58 B Y

throughput of dropping packets

3 o8
:
!
I
|
I
!
1
L

5 8 % &
.- e

throughput of dropping packets [Ne. of Packets/TIL]
=

80 1 s v 4
so;: ] ‘|"' I i ﬁ[
- ) -

10 2 30 4 50 & 7 80 %0 100
simutation tme fsec]

(b) 28 4 ERI 2 He

I8l 8 EF mizgs
Fig. 8 Throughput of dropping packets

2311



FRASH LAY = EA A2d ALRE

thg 23 9% Z7ke) vES R0)A 42 w29 v
3 modelele] FF U %S RFTh IEEE
802.15.4 7]¥ke) A VI ESAE HREALE TS
o)l gatmE A3 wro HolE HF R BAQ
aro] Zylste] Aubyg o g Ad rx=9 oA &Y
o] wi} uhd B W4 Y EY I v4] ZrivlolEE
point-to-point 541 & 0] &322 A =R} YA
Zn)gko] Aok A A =9 FTF BF R FS2.14]
o)L, W4l TriulolElS] HF 25 IR T 25012
g4 ZodlolErt Ad 21t o] E&0) B2

AL H T 5 U

o oft

I Wireless Sensor Networks
S Proposed Wireless Mesh Networks

25

20
15
19
05
0n

7 T L T .
1 2 3 4 5 6 7 8 9% 10 11 12 13 14 15 16 17 18
Node Number

Remaining Energy (J)

a2 9 BALE H ME ofyxEk
Fig. 9 Average remaining Energy of relay nodes

0g 18 102 2o YE I A A o]
29] ZF ol A %S ¥ F o} IEEE 802.15.4 7] ¥4
AR YMEGIAA A4 tvte] 29| Aujgo] F4
A4 EYA AA fulo]~Rrc) g &H]7b
e} AN HEYZA AA duto]xe] Fd TF
U & 252103, FA P M ELZY w4 =
tulog e FF AF AU FL 27412 4 2H
YolH7t A3 x=rt dyA] & 2 A& &

o M
2% % gl

2312

M Wireless Sensor Networks
R Proposed Wireless Mesh Networks

30

25

Remaining Energy (J)
= o s

o
L]

i
0D
2 4 6 8 10 12 14 16 18 20 22 24 26 28

Sensor Device Number

a8 10. MM clajolA HE MF olUXZ
Fig. 10 Average remaining Energy of Sensor Device

V.2 B

-

mRo e $ulAEA 1S AE Y3 FA
AZE o] YA &F AAM UES
Yol Mala, TUs 27 02 [EEE 802.154

3

T

2 2 >
Mo im

b

g o] &3 AM UEHIE AEHNHA 2719 H4
FYlolEl7} F4 w4 vIEY I E F4ste HA
4] IEEE 802.15.4 71 4+e] A HEL I H o} 7] A 2
Zo| Eokt), AT AA duto] 27t o] E HF
3l 34 o] A = IEEE 802.15.4 7] HHe] AlA JEH A
B 7 A Fo) wa, =F HE ARl A2 AL
2 Yot 23 F4 fH EHAE o] &7 Ax
YlE 9] A 9] » == [EEE 802.15.4 7] 4t2] Al Y ES]
arct AFarr} gol oz £ &0 2 AL &
s

AR BN FrulAE 2 2™ 925 A3
W4 EYAE o] 43 AN MEYAE FFIH
DAENS ZAHSE 183 HENA DAL o] F

oA opahet.

PO

4n
e



Vi

ol A E A 2w

[s)
£

18 5 ol WiEYa28 o] 88 X A3 d A4 YEH 2

r
o Hu

2

s
3

11 do ox

Loy oo 2o
9‘_11‘

o do

SLouw m
24
o W op

&2 o0

B QTE A48 2 3RFAN
o TR T A A ALY S AT AR 9
ASE, BARAA 24 SR,
(IITA-2008-(C1090-0801-0047))

2007. 6

pp.74 84, 2004. 12

3] G, e “Hu A A UE DL 7)o
A9} Zighee & 0] &8 u-7AT 2 AA» FZ el 28}
g, g Ed =283 =22 A7H A1E, pp.130~
139, 2007.11

413 EH, 87 A2, A2 729 o] 58 EAM o
A MENIE Y3 A 98 gy d2EA

&3] s} A gttt ¥ 3], 2007. 07.

(5] Ak B R, £ MM o4 vES D 37
A EEH T F AR 7 dE5NE ), ¢2

TANEH =74 A31d A10BS, pp872 ~882,

w
0

2006.

6] A8A. “Fd AAM ES A FAl 974 ap
|12 &8 31l Cross Layer Protocolol| o 3 <
Bl o 8h9 AA} &H9] =7 2008. 2.

s

R xp27H

2 & A (Hyuk-JIN M)

2006 d =AU g A R B4 F 8}
(381D
2008+ 84 s T HFNF
J gtah(F e AL
200611 ~2008 A UL u-5 Y IT & I T4EH
AT
20083 9 ~ A FHAHRUE A B A
% 4] H-oF : RFIDJUSN, Wireless Mesh Networks
# 3 S(Hui-Dong Ju)
20063 A AR FANF TR
(F8Ah
- 2008'd = HASHa A 1B F 5k
ol v A (FeAh
20083 ~d A £H st A B EAF )5 kAl
20053 ~H A AN A u-5Y IT 38 ST AH

a7

A
2006 ~ 8 A ¢ A o) 3t FuE A F 8k whAzhy
20059 ~E A SHUGL u-FA IT & A74F

Sl
% ¢4 & oF : MANET, RFID/USN, BcN

2313



P YA R FA 3] =E2] A2 A12s

0i #(Hyun Yoe)

1984'd 33 o &han A 23 5}

(E3Ah
19873 s A gt Mg 33t
(F44h

; =

19929 FA N A28 (F 3D

19873 ~1993d =541 B4l

19933~ AT AR

2005\ ~ @A ¢H st
(ITRC) A%

BN EoF: u-F 4, RFID/USN

off
A
=
olo
oo
re
el
=3
o

u-

2314



