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Anchor Selection and Distributed Topology Preserving Maps in Wireless Sensor Networks
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Abstract Topology preserving maps(TPMs) ,as a distorted version of physical map, have been widely applied in rou-
ting , localization and boundary node identification of wireless sensor networks. It can generate topology maps of net-
works from a virtual coordinate system without any physical distance information. However,the TPMs can suffer from
suboptimal result when it comes to some complex networks with irregular boundary and insufficient anchor nodes are
selected to map the networks. To this end, this paper developed a new topology preserving model, named multiple ex-
treme node search-distributed topology preserving maps (MENS-DTPM) , which consists of a new anchors selection
method and a new distri-buted topological coordinates producing algorithm based on TPMs. This method achieves more
effective selection of anchors.and can express the physical map better. Simulation results show that the MENS-DTPM

method achieves better performance than other methods reported in the literature.
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Fig. 1 Example of network with irregular boundary

MENS 53k F251 0 3 4

1) FE P 45 rp BE DL 36 425 P A5 050 2205 33K A 1 A 1) 3 A
M2 Utz 1R R

2) HoA s AW B BUR 1A A B DVC A

DT AR R RN S SE B A IR AR
AR, BN A O DVCEZE SR £ BhEB N 1 i K H ok
Fe/ME R iF 5 HAb T S A S BT 5y 2 2 206D

S g, shuw ) fChyr, shor )3 ¥ n, € Ky (np) or

S, share Y= f e, shag )3 ¥ n; € K () (6)
Hr Ry AR, BPIABENLY 80, f g, shor, ) SEFE WK 0 19
DVC A, K, (n ) F R 85 ny B9 & BEIE B N BT AR5,

N SR, WS 75 5, 9F 1 H e B4R I8
WX —(F R

MENS 55 vk 68 0% [F] B P 58 2 25 715 o5 09 07 8 R0 B, 2

MENS-DTPM #5 # 1 55 — [y Bt s  — B Bof Fl FH MENS 5%
AL S SR AN L
3.2 oK TPM & E

JE IR TPMs #£53 2% W 4% vh 2 81 0 AR 22 I 4% 19 40 75, 4n /&l
2 iR,

30 20

25

_ YA
RS el *

0 -40
0 5 10 15 20 25 30 -

-20 0 20 40

(a) 5 2% 301 S W 46 55 451 . MENS
HILR RS B A

Cb) B P Ca) 7 5 2 45 s 19 S B
TPMs 4 45 1

B2 E el R ML TPMs Lk 45

Fig. 2 Results of TPMs in Network with irregular boundarg

B2 A R4 — AN B 320 AT A B S K i1 B R
% A E— T A MENS Bkl 172 % 35 S Ay v 5.
BREE R 2 ) FroR (B 2 57T SCHTA B A 4% 55 BR Ak b
Bl A TR R S50 0 B 0 45 1 X 5 A E X E , 52 BR
T o S R A B A b A R SO R 2 O R AT TR L A
FEFNED 5 R B (8 8 1 09 2 25 ORI TPMs A58 8 A= i o) 4%
FAME L G 2(b) s, A 2(b) AT 1, TPMs 52 X M4
25 (19 40y 38 A b L 1 — AL il A0 BT S BE A S5 W ) 5% 1) BE AR S 4
TR 2Cb) v 22 3 B A7 BB T st A4, TRk e
R R 56 F5 LA B A R 3 3 1) I 45 285 4

TP bR G 1) B 6 o A 2 k5B TPMs
oh AR R 4 BRI 4 S A S B TPMs 7R/ AL 4%
rP A L TE T R 4% P R LR 4. R, TT DL FE 4 b
PERES 25 8, DL/ 4R MR B B 09 A8 TE L ff BT 4208 T S B
) 40 B AR A T

Ttk FAT T I A R () R R T ) 43 TR 5 LA R i
RSB K. % R E MENS 8 k0] DLR N g g 2% 4 4
HOBCE R LB IF BT 19225 99 JSURR 2 M A5, 4 B IR B T
VB AL, — A B0 B AR 2 25 1 U S A SR A 43
2SR5 A RURE B8l mo N RN A B S B RIE NS %
WS PTAE R . AR X O A AE — A IR S LR R 2 ] O
WA LHE., T2 TPMs G B3 T8 48 R 5 52 br Ak bR &
ANIE A5 9 AT TPMs J5 T8 By A2 b5 2 % 1t A A
T, K] I 5 B X e A o P 2 [ 0 3 A k5, F HL AT B
HEAT A8 A R 22 8] 1 5 46t

H T fRPE — A8, B — e 5T LUR T 2 AL K
W47 A5 T WA R B 40 T

n; € SCA,) where A\:arg/

min h,s or
1, .M

hya — min h,, <a D)

Py
T SANDEREESHFTH A WK, BHWERUST
BRI IS H T S S8 T AR, X R
FIAZNY it 22 (60 By Bk B 5321 a5 0 225 19 A 2 () A e /DN B Y
FEE—AN/NEE o WHEIN . o 9 T BRE 4 5 7] 32 4 I/ Y

H
7



55 5 3] i

W o 55 UL AR I A I 45 70 A1 303 D ] A A 7 57

SERUR MR 4> Z J5 g — AR A R IMA R . |k,
FIH MENS 575 76 7 N 380 3% U7 19 2 2% 5 05 2R 5 il =X
(3) =25 L L AL FR
3.3 MENS-DTPM #& &

44 ER PR B, 2  MENS-DTPM £ %1, MENS-
DTPM #5020 2543 5% W9 A4~ B B

Wl i MENS Bk i3S % Sk, Rk RS
03195,

B Bt 2

BB FHSHT SRR NG IR G545

BN AR —AEOEE EE T ARE MRS K
B AR BN {5 RR AR U B R A o A Bk g L 5K (6D ke
TE 1 TR 5% 5

L2 HAEERA A MENS B HFHE AN S %
A

L3 BAEHEACK VCS, I HA G -G
H i TPMs,

4 TESRBEMOHN

A A K 1 Matlab2013a 3 47 {5 34 92 58 5% 37 4 MENS-
DTPM J7 i iyt fE. 18 B BT M0 4% 35 05 10 38 15 36 [l o 1
BEEY . T MENS RIS B R 0 T M4 h 2 % 3 SR
HOEEWA BB NREZ R S HE e
SN I 2 BN L P i S 2545 S £ e H B L
Ak fHE R4 FEGERE S H W SR TE S, AR IR 2 (1
ik, PFIL,BE MENS 53k k€ [1,10]. 458 2K L5 5
KA kR A SRR AT BUR SR R . DTPM AR Hh
BH o F T B UES 43 B 752 TB) A0 28 5T B0, 2 IS 2
NG o R 2, T UG E 9 % HhodH 32 1 AR 22 ) i A 3k R &
34,

4.1 MENS &L Ig4F

# MENS 53k 5 ENS 85 gE 47 % th 52 56, DL ik 2 %
TR B L MENS R, S A 358
AT LR AT S B0 i B A A 4, H L A Ay A n [
3R, T ENS Bk M MENS Bk k195 %
A N 2R S O A R SR AT X L A . B3
g SIS A5 R R () Fk ENS Bk B4 1, b 2 5%
ARIEH S HAT SR (D) RRMH ENS Sk s % 7
SRR N (o Fm MENS S i PR 45 1, B 5 36
RS HEGE (D RARMH MENS kg 5%
R ANE, B3 ENS U B 5 NS
R IT HIX 5 AN R S A AR XA e 6 2% 0 A 43
BB S % 8 8UE B N E A I T A R — R
TG ¥k S W O 465 1) 45 M AR AR i A A TR B9 1 O T MENS 3
AR 0 NS H N, BB AT A 43 A AR R 4% () A [R] #B
A3 o A S Hh I AR SR AR BT D 4% (9 25 L D 2B G 4 b
FE] v B T BT 7 HE R ) 4 R LA B 4l R 4 1 A R
FEE. BZ ML T ENSH B, MENS Bk Sl 7 A%
)5 255 s R e B, A B 90 265 90 I LAY R BN, B4 T )
2 (1% 52 B ) HL A A I

-10

(b i I () th & 2% 45
AR TPMs

sp[ - HHEFK -20 BT 5T
R

0 5 10 15 20 25 30 —-40 -20 0 20 40

(c)MENS Sk g £ 1) 2 5 47 (D FIIE (o h 245 5

AR TPMs

3 MENS 5 ENS X L 25 5 A
Fig. 3 Comparison of MENS and ENS

4.2 MENS-DTPM #& 16 iF

A5 X MENS-DTPM # A (¥ &% 5% o 47 56 WE. A
MENS 78 [ % v 3 H 19 225 47 55560 I 46 2l 43 S 2 A 08 4K
Jei o3 A 2 M X A R AT AR B, R — AN FE R TR
MENS 533 3 5 5 9 169 2 2% 719 050, I A AR 0 00 2 A 3R
gt (3 — (B E L TPMs,

ST AR RO 20 iR R 2 M4, B 4 4 H
TR AR AR 0 AR, AR A AH ZE T
SBCINER 1 s o — " ROR R Z AR A BT . AR
1 AT A3 Y 5 22 ) A L s 30 T 3 A4S W] LLE AT AR (R)
4 A A 5 46t

30

25

+

20

00008 +++
008D +++4
SOBB +FF

oo
4 4449999qALLOOO

44444400

+0
g
Yo

.....

._.
S
b3
@

0 5 10 15 2 % 30
K 4 MENS-DTPM 7 (i) 43 45 5
Fig. 4 Clustering result of MENS-DTPM

1 KRR B AR ZE T R

Table 1 Number of intersecting nodes in each cluster

#1 #2 #3 #4 K5 #He #T7 #8 %9
# 1 — 9 7 3 — — - - -
%2 9 - 10 17 — — — - -
#% 3 7 10 — 12 13 — — - -
# 4 3 17 12 — 4 9 — —
#5 - - 13 4 — 6 — — —
#% 6 — — — 9 6 — 8 13 19
% — — — — — 8 — — 17
#8 - - — — — 13 — — 12
#9 — — — — — 19 17 12 —
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