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Location Estimation in Wireless Sensor Networks Based on Probabilistic Model with Variant
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Abstract: Location is a crucial part of wireless sensor networks technologies and applications. RSS-based (based on received signal
strength) location estimations play an important role in practice. Considering the characteristic that the variance of RSS varies in different
estimation points, a practical RSS-based probabilistic model is tailored and established according to the probability-based maximum
likelihood in this paper. Next, taking the highly nonlinear characteristic of the object function in this probabilistic model, a location
approach using the probability maximum with evolutionary algorithm (PMEA), which corresponds more to the characteristic of
communication of the sensors, is proposed to find out the maximum likelihood point. The convergence is proved by the stochastic process.
The results of the proposed algorithm, when implemented in a public dataset, show that this proposed probabilistic model and PMEA
outperform existing solutions in terms of RSS-based location estimation accuracy.

Key words: wireless sensor network; RSS-based location; probabilistic model; variant variance; evolutionary algorithm
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Fig.2 Sketch map of the initial population and the local search
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i Prob{MC(c)=b}=1/27>0, 5t LI 1 i A2

SCER TR AR B A Bl A AR AE DR — AU A (1 06 R SR B A 2 i RUR L AR b B — AR
B9 R R BRI R 1 2 A A AN T EEAIE O

TEH 2. % PMEA JEAGSVEEE 3 00 s i BBV b (B ML M 20 A A8 S v 2073 5 RO 6 SR s kA R 4k, LA
MEZR | 1 &R BECSICT 4 Jm S AR i

TIE B3 NP BRSO PM(X, ) = ﬁPMi(x, y) o AT AT At AT BRAR A DB,y 7 065 19 82 oy B 7E T 4738 |

B A ME LS B AEA SR

SRR AR RBE 1AL A AMAE a,b, ] ¢ o WACAR a i~ M 28 XA B AT — AR D AMA ¢ 19
ARBR I3 R X X0, A8 R AN b (K128 X(, g BT SR R 2 B A BT ) S AR R, X = X g0 = 1,2 3,
7 ~N(0,67), =X =X JIT LA,

o i HEEEECN p(y,) = 1/(N2r0) - exp(-y; (267);

o IEEREN p(y) = 1/(N2no,) - exp(~(y] + y3)/(250)).

0T 43

ProbiM(@)=beM,}= [ py)dy= [, 1/(N2mo,) - exp(~(y; +y3)/207))dy,
Hrp, ML ={y [ X' =x,X" e M} T yi 1 5 0T 50 yi<< 0,08 5 A0 B
Prob{M(c)=beM,} = jM; 1/(N2m6,)? - exp(=(26%) (207 )dy = 1/(\210,)? - exp(~(0*) /() - m(M ) > 0.

R AR ¥ 1 A2

SCH TSR R AR B A e AN A D TR — AR AR 1 0 B S, 5 R AN I 2 A AR e A AR L R — R
D 6 A AT TSR B A 2t AL AT S B ARAEE O

EIE 3. PMEA B DR 1 7F e X8 BRI ST 4 R S AR AR, A AT — /NI 3L

IEU:PMEA S h 3 B B A 38 1 B B AL A B A 5, by T8 P 0 199 =) 3 48 2R 4k, ] LA GRAIE
DIMEER 1 s T4 )R B U, choe B 1. e B 2 o 0,50 i3S 2 BB 28 3 B Boar BAE &% B al 478k b DINEER 1 i
ST 4 JR e AR A LANE R 1 7E o RS PSR T4 Jm) de 0 e A 8 WAT S50 1) 78 40 4 A 2 5L, T 4 17 PMIEA B3 AR 2R 1
WS T &4 B 42 J) e AR i O
3.2 PMEAEZEZRE N

Gy 3 AP 1 DRI T LI 1) 5 15 AR5 AN n BRSO /N s IE LU I 7D 52 2% B2 24 O(wen);
FEE 2 RN A, B — R MAS X — R AR TR YOE R R M DI ) R T, 0028 2 2D B e Al A
oN-Gy-T)), 3,6, K iZ M B 5 R AGAREC X 38 3 D BRI AL B — KB LM AL B 28 X — IR i AE 5
F R FEARAT (KN R To, 28 3 20 B AEIN [ O(G,-T,), Gy b i i B 1) s K kA6 ACK B AN SR IN ) 52 2% 2
BIR O(uen)+0(n-G T )+O(Gy To) AT A5 11 s AN EL n 7E SE RS B I P4 2, 1 LATA A A2 [ 52 1R, P A IR R/ e B
KHEAAREL G, F1 Gy &R SIR I T ZE S A8 MEAb VT S0 3108 o A Tl A ] s 1) EMEL 7 vk 4 v RV sl R 19 oK
BT REIN B T, T, (SRR IR T 38 X 28 S R B 1 o (1077 o5 4008 A i o 32 B o 5 S

(d-dg)’

16 B A B0 B 0 V5 AT 0 et b v 2 IR B T B K R oy (d)=ae ¥ BAFEHIF 07 R A7k
FEWAZEHL D d AR — BEEE RS (L 0.3m) 5% B [ o 1 5 B A5 AN 715 0 A A7 o, BT BAY 2D BRI R B0 RR B0 SR (937 450
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Bk S T 3T AL 0K B oy S B0 2 S R, T A A B R T R SR ORI R A R A D A S TR
BN, st = 15m 6 B E AL X I, BE G 0.3m 6N — AN oy 18, L 7B IN1(15/0.3)x2=100 /™ FLk B B0 10 47 i

23],
4 £ I

FUTH 6 PMEA SVERET T 0% b 0B SICE 20 A FOAE W, AR 95 MASEEE X PMEA 503254 it ke 2 - M R A5 7Y
P At S A RCR AT AL 5 1R 2 F matLab 477 T2 SCERAS [A), A S ME 20 A5 70 2 S B T A 20, DR L e ol
BRIy e X 9B RSS B S EAT IR0 T J7 (0 590 1F i 4 th B E 3R SRR PMEEA S T Sk X B
KH T SCRR[321H 3241 1 A FFECHE 45, 7T LA SCHR[32] T 8. i 804 4 b Bl 2 HL K JBE 4T % ol 15 S 36 =5 R A A%
JRAR H BRFE 2 by A R AL S PRI O B N A B AT AT — AN AU TE T AR A e E N B SR T
A4 AN ER Y AU L Z A TOA F1 RSS PRI B A SC KUl RSS £di . Seik[32] 9 H v 36 -85 S Al 1F,F)
F RSS 155 58 BUE AL AG 2 1B B ALIRZE Y 2.18m.

9T L A R, 5 SCHR[32] R A B v — R 3,10,35,44 515 s VR D A AU(RIE BR T ), A
W IX 4 AN S RSS A5 S E T LA 3RS 20X 4 AN 5SS 8E 28 CCRR 32138 (L AR dE b A H T
TR T () R AR, R R BAFE S PMEA S3030% rp st 322 38 1 A (100 o P 2 33047 28 . 1 T PMEA B0 28 1 AN
AT E BB E (¢, y)) ST S B O,y 2 T EE 5 err = (¢ —%)? + (v — V)P AE W | A
TSR AG TR 2E RS 40 AN AV SO BRI err =1/40- D ern, 1 i i VAR BE ISR bR STk

[32] H 5 26 B -E Sl 1 RSS 55 P MR 2218 B T 2.18m, 4R 2 S B i A7 I ot (1) SCHR 4G HE 1R 138 i 22 &5
RILAHAE 2m L E.

ASCH C RS T PMEA 579 i,

o A RBFAKRI S B A 1=30,2=30;

o HHRAFMBHT AP~ N(0,67) = (N(0,5¢ ,N(0,0% ) M of =5%,07 =5

o SN T A, PMEA BER B E N G=100,G,=100.

HHF 2 4 AMERR T S RS BB A, a0 S E AR BRI 4 AR A8 3% e 1K T 20 28008 & B3 N IR e B2 9 Hh
X3 AR oA B SREAT 17— G TE LE SN S A A x 1000 - BIOGH S0, LA 9 £ T 5038 . 3 1 1
TP A E) 25040 7 AR v H AR RS IO 15 2142 R IUMELA 80, 1L 4% I A% JBas S BN 55 SCHR[32] 7 — (B A 2 £

(d-dy)*

BRI 4556 RSS (5 BAARUEE oy (d)=ae O (9B H0H a,b,do, 1T LUE b DU 5250 34 4 50 5t A (1 B4

B8 I S50 KT L o (dl) A ORS00 5 7 28R, T I 5K 22 SR P AR 22 on(d) A R A R
THAE A ) W28 BT R [33 1A kS i B s it 3, 4 SR A HE 22 on(d)=C, 8 W 20,2 C I HUE 4 0.5,0.9,
1.0,1.5,2.5, 4.0,6.0 I}, $3 4E B2 1 35 22 err BEAS [R5 50 C 28 AR AT 2 181, A7 530K (142 PMEA B2

14
12
y 1 e
K8
{6 /
>y /
2’\»—0——0/'
0

RSS J5 7%
Fig.4 Variation of average error along with the change of constant variance value

4 AT 22 AN BT B iR 2
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Tl LA S B2 H H C B 0.9 I SEE AR 2550k B i /N B 2.6 7Tm((E B/ 2 A7 35 25 L SCRR[32]10 2.18m oK),
FEH B AR SR B 1 SR A UL 1 RSS ARvE 22 on(d) AN A 5 B (g 45 .
(d-dy)’

29 T HisE RSSAH BAHAMEYE oy (d)=ae  » 58 ab,dy BRI, 56 52 HA do (8,585 4 ab B
[l {E,121T PMEA (1) C i 5 #2782 52 30 45 R LL W [ 52 do=8.0,a M 0.8 JFUAHU{E (a H SRR LB BEES d ife]

_(d*do)z
Bk, oy (d)=ae P IECRAE), 5N b AL b=dy/sqrt(In(a/b’)), MIAS [7] ) b BUAE X 1 AR R ) b AFL b (125 S
~(d—dy)?

ek oy(d)=ae v SO EER ERERIEE d @ITT 0 BB, 2SR, d=0 EASTEAER, T
DUUZFS F A ). S50 ik ' IE M 0.1 FFUR.3R 1 A& [ do=8.0 A a,b' i 5k T4 WK 5
SN E do=8.0 B ,a,b A [RIEL B0 R P2 58 25 err IOHTER .36 1 R 5 14558 B 7R,a=0.9,b'=0.3 W] -3
7= err=1.87m /).

25 E8 0" TR [FIMEL A 0.3,a,do HUAS [REL RS 450

F 2 J& a L 0.9~1.1,do HX 6.5~8.5 192 [P35 1% 2 err (45 5, 18] 6 /250 N 4T 26 . AR 2 FIE] 6 1 45 T
DU b [ 58 BUE R 0.3 1,78 dp=8.0 I 1~ F 341 Z5 i /N, SR ZE7E 1.86 o A3 IX AMHE LU RT I 7 22 0 ' B A
o] —Ffr i DA 20 10 e /MR ZE 2.67m B2/ B SCHR[32]H 38 36 B - 55 10 2.18m I &5 IR BL U7 IA 2 T 2m LAF
S35 R 22 X I T 5 ZE AR AN IR R 26 5 A A8 B T A G S B,

Table 1  Variation of average error along with the change of @ and b’ when dy=0.8

1 dg=8.0 INAIF] a,b B XTI f)F- 44 35 75 6

a, do b’ SR ZE err a, dy b’ TR ZE err
0.1 2.558 726 125 0.1 2.202 078 075
0.2 1.918 945 35 0.2 1.906 220 05
0.3 1.973 880 15 0.3 1.870 538 1
0.8,8 0.4 2.240 049 85 09,8 0.4 2.202414 8
0.5 2.240 384 05 0.5 2.204 022
0.6 2.278 121 175 0.6 2.282927 8
0.7 2.349 900 425 0.7 2.329 574 675
0.1 2.466 740 6 0.1 2.569 790 95
0.2 1.908 250 75 0.2 1.983 825 225
0.3 1.889 079 275 0.3 1.902 503 925
1.0, 8 0.4 1.999 346 95 1.1, 8.0 0.4 1.979 746 15
0.5 2.195 934 475 0.5 22317138
0.6 2.219 888 75 0.6 2.251 286 5
0.7 2.270 721 375 0.7 22705121
0.1 2.542 229 475 0.1 2.611 483
0.2 1.972 428 4 0.2 2.071 120 4
0.3 1.923 321 35 0.3 1.949 278 825
1.2,8.0 0.4 1.931 247 45 1.3, 8.0 0.4 1.948 726 1
0.5 2.131 201 85 0.5 1.990 928 225
0.6 22719452 0.6 2.178 689 375
0.7 2.247 305 35 0.7 2.226 783 45
0.1 2.590 935 675 0.1 2.6396119
0.2 2.094 808 4 0.2 2.119 836 1
0.3 1.940 124 675 0.3 1.957 678 65
1.4,8.0 0.4 2.039 331 025 1.5, 8.0 0.4 1.968 933 725
0.5 2.128 138 7 0.5 2.021 7622
0.6 2.123 037 275 0.6 2.053 576 45
0.7 2.176 8325 0.7 2.119 737 225
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Table 2 Variation of average error along with the change of a and dy when b’=0.3

&2 =03 AN a,do BUEFTXT N P 21 2 err

869

Fig.5 Variation of average error along with

the change of a and b’ when dy=0.8
BS dg=8 I b/ HUA [ T R A
R ZE err LR

W — 4 MWECF B T PMEA STVE RISt A&
W g S T S FOR AR PMEA S R Sk
o AT — 49 B (W AR 7 Z MR T (S 4 a b,
do 383 Y1 25 )5 45 B B B 23 51 24 0.9,0.3,8.0.18 7 /2 38
TR AL E LB T AR T SCER[321 5 HR
S5 P IS 15 Y B Y 10 PMEA 3B A0S0V () o7 5 o5 3k
5B A I B A 45 L (Z B IS T b ) Rk 3 AT ). TE
= IR XIS A BEHLAE B 30 AN HELANMA 5 6 R F 4
ANEFR_EEA B M 30 A SO L LR FR, 2
BT R%I8 T % A X 80).PMEA 5035 n] UL
e AL X IR T B 7 B 4 A0 AE X A 4
AN RS RSN R I [ R RS X, # #1738 5 E
R 8 A T A (7,74,7.06), 5 52 BR A E (7.32,7.54)
AL U T 0.64m L4 (13538 15 08 A I FREF 38
SWE PR S S AR TR, PMEA LA
TSR AR T A TR WA B A T VA AH B PMEA R T
AR 3 5 A3 1) 56 B X 3, AN 0 Ky TR BE 300 2 RS A%

TR/ NS EAESE T PMEA S5 A7 A SCR

a, b do | PR ZE err a, b’ do | BYIRZE err a, b’ do | “EYIRZE err
6.5 2.417 854 8 6.5 2.516 161 9 6.5 2.590 192 15
7 2.073 897 075 7 2.097 956 225 7 2.173 569 075
09,03 | 75 1.891 736 45 1.0,0.3 | 7.5 1.868 736 95 1.1,03 | 7.5 | 1.899 460 275
8 1.867 970 75 8 1.901 412 6 8 1.892 954 775
8.5 1.961 567 325 8.5 1.947 486 9 8.5 1.957 924 475
2.7
——0.238,80 2.5
= —|-09,80 o '\\
o —— 1.0, 8.0 @ .
1 1180 —— 09,03
5K X I ee ® o2 —=— 10,03
T +1-3’8'0 a —a—1.1,03
B —a— 1480
—B—1.5,8.0 1.7
0.8 1.5
6 7 8 9

do
Fig.6  Variation of average error along with
the change of a and dy when b'=0.3
K6 b'=0.3 I A[A] a,do U TS M

SRR ZE err TR E
2571
e
* o = BHHLA R RE
20 A TR
K L
15 0:,0 ., o SEPRATE
g W ~
i . * +*
n
10 0"__”1 ":
’%Pn:o ’ XX
= ] u %
5 .’.. ’I i
A 11
60 # q = &
-5
~10 L
10| -6 -2 2 6 10 14
-15 -

Fig.7 Populations evolution situation

Bl 7 P Atk AL B
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5 & &

RS 18 ) S o N AN [F) S RSS R AE 5 1 5 286 T AS [ — R 10,18 ) e KR AR BE S T
FEINAT A SEPR AT RSS I (1) E 28 28 A AR 2 S TR 3 v H A 08 2 v 3 AR 4 A U SR A 1) i F AL
TS B A A AL B 3 A5 R AE 1) 58 A7 5005 (PMEA ) 3R AR MR 2% 7] B P 5 R PR o7 5 AR A A5, 01 P B B ok P 7
B A BT S R S e S S S s A T A A AR S5 UE SR T FRATT R M AR PMEA BV
SERE M B = RSS 2 8 7 (14 88 AN A8 2 7055 U A T #8020 5 8 3o AR, 95 314 [ by s RSS 7 72 B B 135 47 4k,
BB, LA S B 8 280 a,b',do B — B ol 4T B9 2R ) RARAE = M ) A 58 SO I T AR, br R &
DLIREE T 1K 4 240 IR, K 0K 2 21 560 23 B5AH A7 it 0 45 A K 1T A5, sl A7 A AR 28 3.2 TR B A 3R L AR
JRAGUAEG (T i 0 S50 43 BT SR, b 22 Dk i Bt S (VRS A T B AR v, S I RV P R T AT .

Bt AR BAT R ASCR) AR 4T SCR AR B AT, JE R 7Y 2 RHEOK S SR A B T B
T 11 W S AL R BIE L (1 2 il A0 ] 2 AT 2 s SR
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