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Abstract

Wireless sensor networks are formed via self-organization by a large number of sensor nodes with
sensing, data processing and store, wireless communication, which have become a vibrant and ex-
citing research and development field. Based on the received signal strength indication (RSSI), a
least squares localization algorithm is presented, which does not need the additional hardware
equipments. Consequently, sensor nodes can be compact and energy cost will be reduced. The si-
mulation results show that the algorithm can estimate the unknown nodes location and pathloss
exponent simultaneously, and adapt to the variational environment.
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1. 518

To LA 1B A3 4% (Wireless sensor networks, WSN)J& H1 ok & B A BN TR TELRIE (S At /1 B0 L g 1Y
B B ASUT7 S M2 [1] [2] [3] [4], EREMIRIEIAET A 5w i, BRI R BRER ST
% . WSN EARENAGT G HALURBRME RS A, ol 2 T EBTZES .. . 5 aeAcE .
yT PA . OBRBUREAIR[L] [2] [8], C & 51HE T V2 B 5K Tl FUR A G 1) w5 P A

To LR A% B A% W 4% 25 A R A R B A VTR A R E Y A AL, AT CABE LA 7 2 A B M R B v
TR AR IR AR WA BAGBENIAT V. H A SURIRER S R SRR 2, X B e T RN ZE S5 40080 25 T I (1 B
T SCRVR = (1 B ANMEL[5] o T0 2k A% 2% IR 26 0T LU - W 42 M 335 e o TRBH SR AR AR bR K o<« SR K8l
R WSS, T AT I R R A, IR TR SR ER R E N . R A
W25 AR E G N T %A R R, @l R iR R R A NS R, H TRy, EaAY
Tt WA RIX, WSECOTHIE AN, HARREES AL, SIS, . AR 2 B R
Efiigess .

SERTTIAR L TERAL KRS 2% 1 SRR 2 —[6] [7]. TCLRAL AT AW R B ML 3B AE & P8 T
DA A 77 AT B R A . RIS #5655, T sl BAE B AR SR S0k A, 005 i 1 7 B
ATRENL, 19 RUH E LA 56 H bR I8 BRI IS A 55 BT $2 o H TV 22 J0 B A% B X 48 47 s g A SR S R
FERER[6], WHREARERE R, ANIE SRR KA 0 BSOSO T — PP TR B R e AL ik, iR YRR

Wef5 SRR S, MR/ 3L, AT ARENT R B SR T, Ty o2 A S I 45 1) S B
32 P B it o

2. REMERBMED REMEE

FETL L AL AR M 2 b, 5 LB O, AR D95 #5745 5i (Beacon Node), 5 MU FR gy A 1745 ki
(Unknown Node). {5 b5 °17  AT LB 51 GPS 25 BOikAS H & (s B A B, B2 KA RUE LIS Al
IR R 19 s A 02T DAy D 5 T BE B 1K) 5 (L RE MR 8 T 5K fR e A B9k 5] i T R S 1Y 5 o B
A =IED . = ANEFARIRAG THESE, PR TC R A A A DV-Hop 59555, N
] 18 = ER AT Ok .

1) =ihE%

ZIHINEEIE 1 R, SR HRET AL DX, Y) S EAR T A AXa Ya) B(Xo, Vo), C(Xe, Yo) FRIRR 2353
da, do, de»  JUAFLE T F1 2230
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Figure 1. Trilateration method
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Figure 2. Centroid method
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AR =S v, Ji TR 1) o 0 5 S 3 e 0 A 08 st T ) S o i B B 7 ke v R R R )
A7 o W A R B B0 67 SR FH 1 7245 RSS(received signal strength indicator), TOA(time of arrival),
TDOA(time difference on arrival)fl AOA(angle of arrival) [5]%. H B KB /0% B 8815 A EL AL 5 S2 91 RSSI
W, HARBN ARTIRE ARSA R S, (BRI MER R 2, FrEd 2 &, 153 E
A7 SRR S5 5 P B2 Ul /N D B R 22 06 52 A M s JE T TOA e ARG FE ey AEL RS B0 s [RDRE ff 1 ) [
[F0, X SRR DA s B oK s TDOA BIE TR Z R ST W FI AN AL R B I B f5 5, KRR AREE
KEGE: AOA Ty 3z AN, T H R5 EAAMEA:, R RN A DRE EANE & TR T . I E
ToIIEMN R O E A TR M ST S PR BB A, B 11 SO A B R, (HE iR ZERK .

FETCERAL JREF I 25 (K15 it o, o2k — R ] CC2420 1 CC2430 5 )y, HAS BAHNE S
SRIZFE R RSSI Dhde, AT LLINAST I PR B8, T s P B H A 0 2 B ke S e B, W] DAFRAI AR
JAT R ARFRFI TS, I RATEAR S R LT RSSI I E AL

3. F RSSI R/ kD mENEE
3.1 TEHEBEERRER

TLAF TR ERRN, BT ZRARE, 55502 2 hEE HALRREL 2 (g . % 1
PG [8]E : H H S AR IR R X S5 B {5 A A AN A - A A A Y 46
FETTRA M B AAEE AR, HR A B 22 AR A, JC2(5 S 4E | m AMF BN

2
PL, =1010gG,G, ((:A,_T“fj 4)

Sob GONRA RUMN AL, GONBRMCRAM A, ¢ WG, WL mis, 915 B,
1 D B — T (5 5 468 1 m TG BURE. T LTI R, TRAIAEHSE RSSIIEA
HIERAMMIOIN, 4 G =G, =1.
FESTBRINISAERBI, 8% . Selt. BETRMI B IOR0M, FFLUR A AL - A ASBON L 2,
Sy
PL(d)[dB]= PL(d0)+1o-k~|og[di)+5 ®)
0

vz
PL(d) [dB]—£ it 5 55 d J& HI1E i 35 FE s

PL(do)——FR B {E YR do AbHI{F EA1FE;
k SRR T, A REE A 2~6 Z A

) BIME N 0 s AL AR B, bRl ZTa N 4~10,

— B do=1m, AL d=1mARARG)KE PL(d)-

KA UG bR T S 5 {5 5 5 RSSI N

RSSI = K U)% + K& — BAIFE(PL())

IXPERURT LIRSS RSSI SRAFARENTT s SAEHR T AU (A RE S

Kl 3 R ARAE R HL - A A LAY L B B AT FE 2R ], I rP S0 E A Al ) B AR A AR T 2K
RELR NSRRI AR M 2R, SRR f= 2.4 GHz, IR T k=3, Er A FEHLAR R X, b
ZEN4, do=1m. MEFTTLLEH, 552G S IR P S, X o B AR TR 1) S B (1 5 AR 22
K, RSSIAH RS2 b 5 B AR (AR 25 th ok, AT s O TF 52 RS BE S m ok . e fRIE 2 5 e
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Figure 3. Path loss
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WERMERR T A ANEOCT 3ANMEOL T, B IE B I I . RSSI L NS AR T R 2285, LAGi e
PR ZERE R HR, BRESHRIE . RSSIE MK FE bR RUAE VTSR AT 5 A B B A SR AR DR AL
3.2. &F RSSI B/ TR BEMNEEZRITSHE
HHTE T RSSI (K58 A 533 KR BUE (FIERE RN 58 R 00 B S AR, sl (5 A4 1 (R TE T A 1)
AAE, XAIE T AL RAS WS . TN IO AR RS W 2% T E (KRBT LU B 5, (BB s T 2 i
o RASIE RSN ZR I R TR AR R AR, X RS M T e AL S R Rk, W
P A AR AR R RS, AT AL B R A T R (9]
4 PL=PL(d)-PL(d,), AR A
PL=10klogd +6 )
TERBEARHTT A AAFR (X, y), A5 N ASRTRREN T s 00 B SRR 5, BT AR N (6, ys) (1= 1, 2, -+,
N), SO ST A58 | AMEARTT A LI
PL, =10k logd, + &, 8

st d, = (- + (y-) -
SRS BB 1= 11 ] =[x yik] > 4 U, (6) =10k logd, » TUIZ et 3k 4 v Iy i T 9
A
PL=U(0)+s 9)

By
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5=PL-U(0) (10)
A PL=[PLy, -+, PL, -+, PL T, U(0)=[U,(0),-U,(8), Uy (0)]' 6=[6,8,--,5, ] - {5
Q%@@,Gfﬁﬁﬁm ﬁx®mﬁm$ﬁm%,w
=argmin, J(6)=argmin, [5%‘} (11)
Rp
1(6)=[PL-U(6)] [PL-U(0)] (12)

DA 3R S5 /I 1] 7 RT LG 45 SR — A1 20 SRR B/ MEL IR A 170 AT, AR 15 A AT B (BT A A B X
159(0, 0)~(B, B)) S5 iE R F T(2 < 9 < 6), A3

minJ (0)=[PL-U (6)] [PL-U (6)]

(13)
st.C,(0)<0(i=12,,6)
Hrfr
C,(0)=6,-B
C,(0)=-6,
C,(0)=0,-B
C,(0)=-6,
C;(0)=6,-6
Co(0)=—06,+2

TER MR PR ARLR M LA AR AL 0l RIS, SRy TIPS SR B, A AN T S SRR E I BIE S AR 1 A B
ML, [E1E I T HL 4.

BT RSSI 5/ e 1 28 A FO P BRI R

1) EFRT s AT A G EE R, RET SOLSRIEI R —AME AR T S RSSI BME A E
FH MBI 45 br 5 s i B RSSI MIE KT 52— BE T m (m > 3) 4N ks

2) TERARREAIE 00, RARLEMEL AR AL i B AR Os

3) #r O i LS A, B AR AT s A B A IR T, w2

N E S 5 B R u%%ﬁmﬁﬂ%&Mﬁﬁﬁuﬁwmxmeﬁw LA T
f=2.4GHz, REIT ST RAE(25, 25), fBERWATICN 4, S0 50 5IH 4. 6. 8, 10, 12, 14, 16,
SENLIR 22 BUI T MR 22 RMSE,  FF 5 3L T iU vk [ L0100 52 A7 7 VR 47 e . /M58 47 500 WK, 58
fr g R EUH P35 .

7 LRI B R R R 5 AR 1 RO S8 AR 22 s BT R

MIE 4 ATULE W, BEE SR AU 2, PR O BERR ZE# AR/, HET RSSI 5/ — 9
T RUE L BRI 8 AR 22 B /N T I AUT O B

{EIE IR T A THE WA 5 Fos. BEEEART 808 2, (518 20k -1 I8 t & e

4, B5RIG

ATEV ST T IO LA BRAS N % e AL 5y, ARG ST T 36T RSSI flf /N 3l i e S 5k .
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Figure 4. The number of beacon node versus location error
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Figure 5. The number of beacon node versus channel loss factor
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