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Abstract

In wireless sensor networks, the data transmitted from the sensor nodes are susceptible to
corruption by errors which caused of noisy channels and other factors. In view of the severe energy
constraint in Sensor Networks, it is important to use the error control scheme of the energy
efficiently. In this paper, we presented RS (Reed-Solomon) codes in terms of their BER
performance and power consumption. RS codes work by adding extra redundancy to the data. The
encoded data can be stored or transmitted. It could have errors introduced, when the encoded data
is recovered. The added redundancy allows a decoder to detect which parts of the received data is
corrupted, and corrects them. The number of errors which are able to be corrected by RS code can
determine by added redundancy. The results of experiment validate the performance of proposed
method to provide high degree of reliability in low-power communication. We could predict the
lifetime of RS codes which transmitted at 32 byte a 1 minutes. RS(15 13), RS(31, 27), RS(63,
57), RS(127,115), and RS(235,239) can keep the days of 1737, 1691, 1639, 1507, and 1497
respectively. The evaluation based on packet reception ratio (PRR) indicates that the RS(235,239)
extends a sensor node’s communication range by up about 3 miters.

CHIRAL: B DANA A9

ool

« E112 12009, 12. 09, AAKY 1 2009. 12. 27, AIZHE™ L : 2010. 03. 30.
«EaY st DTS ATAE A7 e AAvisn Bge 24

% o]

dAFE 201095 ZAduiga Ao o3t Awtql

2010-15-4-3-1



34 T FE A e W k2010 4)

» Keyword : &M MIA

HIERT(Wireless  Sensor

Network, RS F=(Reed-Solomon code)) 2

= HA F=(Eror Control Code), OIL4X| AH(Energy Consumption)

.M E

FA AN YEHZ(WSN, Wireless Sensor Network)
+ Bigt 2% oz B A == s B2 F A
RE BA S8 Y8 L =)ok F4 AA =T A
Bl £3& 9% ikt AN, 3 AR A 9l
nfo]laZAES S} £ KB 27]9] RAM, 74 B41S ¢35
RF 54 252 74 gt B4 A4 =5& 5319 dee
2 ke 71712 e uiXE == F7HARQI AYFHo
E7Ieb7] Wil M ezt wh=A]l "asich B4 A4 )
Efazs 919 5AS AW vg] AA =50 PEF
(multi-hop) B4 WHalo 7 e Ealte] 43
BE 38l ©ril-2, 18],

T4 AM vEY A= WA viEzte g Falshs AR
g 7]5ke] 7]710]7] o] 7 AMUIES A st=dof 7
A3t $QA A BT oA 22 HS e sle] HA Hojok 3
otk HESAE A A8 74 T4 00 == 24
09} ISM(ndustrial, Science and Medica)theS AR
s Hul Ague] (M1dBmel e £ RFFAIS ©
43} olo)) A A HIEQIE AN L=zt AR} A
o} 3P40 WzkstAl whgEh olof wet Rl Ade] 547
70 w2 sl digk A7t Zasieial.

B =Roie Ay BA%AS o]83ls F41 A
ESQme] A 74 Ad 3 HolHE 38t 278
ASES vl 45l QFAAF-Z(ECC, Error Control
Code)E AHE3IGES W 4 & e o7 TSEY 74
o} AEAY Pl diel Bt =3 SFAYREE
ARl wE) Frtd o AAShe wlo|AZAEEH] Al
Aoz Q% oA ARFS BAT. 243 A9E &
3 AN =Eo] £HE oS, AL A
Sk

=S O o] A IgdlAE Aol
3 Awsla MAeMe oF 34 38 % s
ks 0153 4o tis) dwsla =Rl AME 2R
A4 2359 RS (Reed-Solomon) =0l thell A=3ich
VA ME A8 A9E na-BA3lH VAN =7 Z2
S Ansta 5 A Wl il oot

oxl o

2

o,
2
2

. 7[& A+

[EEE 802145 o3 A He F4 AA UEHA]
MAC Z2EZFS Data link layer®} Physical layer?te]
¢4 S22 ZEde] T3S Hstar doele] m7ek A
Hol 9ALE AR Fuo} w3 k=gke] Q8 BAS
sl A AEE Fotstarl £9E AAsA dvt 53 F
A A YEHZL MAC Z2EFEL A 4TS Zo|HA
=7 B80S BAS fA] A3l Sleep F71E 2=

g gtk Al =EE 7 ARE B HAge] HEuks AL

o=

913, Aol 2mHE Ao] A Lwe] B A
T g A4 s glold HPaA ek

4 YEY=0] B85 93 0F Yo Bt &
JAHE e HE 2ue ofF A B At T4
ool s Agslelgeh 1 Sl A 832
4, ARQSH SRAFRES FEHOR Ao zA HolH
o WY A BEL Fol7] A A7 AYEATHAL
A9 Z7], 8FHE QoS(Quality of Service), A'd =
2] viste] we} 713 AUA) Egol B 05 3R WA
Aushs e AT, S slol Bae B F
o) 95 A9 PAL g I3 ATHE FRE
o e Aol Basi) wEse) 42 £RE i
oF 81 A EAZINE gHo 1S
£ R W A2 U OF 93 A% 9
des) A2 Bael ek

A MESS HelHel Azde 1]

of4

ul
o b g
e > T oo
Py MW U e

o

0 r-?{-ll

"o
O,

g

NEEo] AgE Juib] T Folls Bl A B¢
BE AT A=de =9 T e A7, 4 =29 AF
AE sFHeE SHE F JE N=-F(Ad-hoc) T¢H
e &89 A7 Sol sl APHUAHE-T]. &F
48 WS o83 ATRE AN =E5 Fil 94 AR
A AE FOHE T4, GAM 2AF oF S
7Rke g & oF A4 aElFel U = AP
(8-9, 19]. A, ==o] A7}t WEd A5 AEE AA



ARE 4 A YEHIE AT RS A=Y A 4 5]

o Heke 23] 918 S} Algle] smse B
23 Qltk o5 40] & AN =] o} hak Hkol
o

TS Avd deg 88+ gtk

| 74 A VIESZS MAC Z2EZA OF AL
ob ARES s Aoz ARSEE WA [2-leA
o} o] CRC(Cyclic Redundancy Check)E ol&std %
Al packet®] 27 oRE ISl oF WA Acks B
W AREshe A es dEo] Sltk

Sender Receiver

s e .
/ cTs

Ack or
/ Retransmisstion

O3 1. M M UEST &40 5B
Fig. 1. Fow Chart of Transmit and Receive of Wireless
Sensor Networks

Send Data

Check CRC

Sleep or
Retransmission

Ay BE mEe] § $R RSTEE Hr) 44 ol
QE o0l AR B4 2 0FEY uelFes

ox
=2
)
e
9‘L
Suiptv

5 o 3
[10-11,17]. =3 RS F=v 48 @99 ditez o0R/E
ARG W bit 9YE 0F AHE sk UE 97FAR
du2|Zo| Hls) He ANFEOR =2 58] 97 AHo| 7}
Sl B3] Age] ZRAXE AREShe AlA =29 AlkkE
21L& g E ezl oulA] Amgel YH3 BAIE 2] u
oll Yare|Fe] Altege] Fa% A2 28314 ek

S 7Y, digE A8 e n—k=2t, &F B85Y
S tAER FEAT AEY A7), m bith AREE 27
Galois fields AL A4 T2 g(z) & ol&3sle sz
E7F gaid == A J1Z =4 HolEE ALt
Syndrome & EUHE Berlekamp Massey €a1g]&S 3]
27 A tEle At ol o838l 8 e oF

] 7hrst SIHE TeteAl HrH12].

AA EAZZNA RS ZEE I3 oA
A F7F bits AE37] $1% RFOIUA|, RS 2= <l
Yx|, 71282 RS ZE "3y AuAE U= 4 ok F71
l HIES #$317] 913 RF U= A4 93 1ol +
7} o] ARE RS Z=E A3Ys] $18 duA= o
FGE S8 AHEEE oluAe Bls) 22 o] AMgELE o
© RS ZE9 Z7]d wet xfolg AR HA 2u) o]t
20| & ZHA Hth

QFAARTY AL vlolaRAEEH Y AN 7}
o} A4 vEY F7t=Z QI3 AfouR|e] 715 ALt
Aok B}k A" duz|e] 2RE Y 4 I3 ARQEA
o AMgo g A3 AAgo s dEE AR E 2d 5
Jthe A4S 7 ok =3 SR AAS E3) HEA

g P A & Sl

T4 A ESANNA 119 H21E g3l g W

2w U3 A1) 38 2 ¢ ok

morr
:
rr
H

E,

tot

=E v+ Ep+(E

‘process

N T T I )

B, & DRl 928 1457 98l 9ed % duxs
R, By 917 S400] a3 oA, B, o2
Sl e oA, B, velazAege) N
2 Helshod) Bag oluAst bk

0] QF7L AT A9 ARES 2T B4 A
HEge] 548 ohix] 2% BN Heshd Bew 2o,

rr

B, = 2(Epx+ ERX) +(E N TS ©

‘process
ARE] BAT B vlo|AZAEZ X9 UE Az
§lo] RF el $413h 2418k whealA HEs 4(2)¢
2ol A B_7 AL 37} HA A,
RS FES F7I8l] ()< A7-dshd 4 2o

29 % ik

¢

Xbit)+E +F, - )]

enc dec

Epg=Epv+ Epy+(E

@O B RS ZES T3 31902 o Dad 94
ouiA 2ugolr] £, = RS A= Qugshed 1o
oUiA|, B, AR tzgeked AEE dure
Upepuic,

RS F=Z 24317] Sla] A8 BlojElS B49 Ak

(329 2o oF Aue et



36 T FE A e W k2010 4)

3000

2600
2000 \
1600

1000

Frequency

&00

Burst Ertor Length [Bits]

T8l 2 51 THZ9| burst error
Fig. 2. Burst Error of Received Packets

[ZR2]e M9} Zo] UiF-Ee] 2F= 8HIE osty] s
LF(burst error)E 7HAH o]& ulECE RS Z=9 &3
9 FE= sizeE AHY 4= Utk

B =RoMe [a83]d & RS Z=9] R thalA

oA LmE BAHT,

RS(15,13) 13 symbols 2 symbols

(
RS(3127) | 27 symbols [ 4symbols |
RS(6357) | 57 symbols [ 6symbols |
RS(127,115)] 115 symbols [ 8symbols |
RS(255,239)] 239 symbols [ 16symbols

213 RS = 7Y
Fig. 3. RS Code Configurations

M
Al

Iv. &

ot
o
Ao

o A w=2 [24]9 2 TIPPCMS AME-SHA
t} TI (Texas Instruments)AF] MSP430 ZEAME A}
g3 7N B4 He TIAK] CC4200.% 24GHz tY
ARS3ITE MSPA30S 7 9Eols 1 S AT 4
T2 A=l 9om Active REOIXY] 2509 wf$-
& o] Aoz TAEL Sleep AEjOIN HEPHAR o
| 01AZ AL HHS AMESth 256KByted] #EElE
o]g-3) thekst S8z o] 7lsdi Kot B gre|
ol 7ks3ltt Al AR AFE 20KbpsE 2 CC420
< Offset-QPSKe] W-Ex 28 ARgs = ok 53k
CC24202 £ Al 174mh, F21A] 197mA] 8s AME-3F
o g Aoz 7aA EAS 71esiA i Al k=9
AREE [F1H 2 AlX =29 dqUA] AR QA0s [H2]

o} 2t{13-14].

30 o

ps

Y

>~

J8 4 MM =
Fig. 4. Sensor Nodes

E MM = AR
Table 1. Spedification of Sensor Nodes

= =]
Processor MSP430(16bit RISC, 8ViHz)
Program Memory 250KByte
Operating System TinyOS
Radio 24GHz
Data Rate 250Kbyte
Sensor Temperature, Humidity and Light
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