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Abstract: After researching the anti-monitoring problem on mobile objects in the heterogeneous sensory field, a
new Exposure model is proposed, which can be used to estimate the approximate risk of a mobile object moving
along a path to traverse the sensory field deployed with anisotropic sensor nodes. Based on the newly proposed
Exposure model, a novel decision algorithm for path selection is designed by combing the Anisotropic Voronoi
Tessellation schemes, which guarantee that the mobile object can select a suitable path with a minimal
approximately risk of traveling across the anisotropic sensory field. Theoretical analyses and simulation results
show that the new algorithm has a good anti-monitoring performance and requires only that the mobile object
should know the local information in its detection radius, so it is distributed and practical.

Key words: anti-monitoring; anisotropic sensor network; anisotropic VVoronoi tessellation; exposure model
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T R A BRI, U8 Bl b G T 20 4 J A SR DX I, 30 H 09 2 5 ZE R 31— 40 R 0T A6 2 4 IR B A4 SR B i 1% X
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Fig.1 Isotropic wireless sensor network Fig.2 Anisotropic wireless sensor network
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Fig.3 Relationship between L(p) and anisotropic wireless sensor network
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AR A A 1 [ 1 A ), 4 b U i I B B B R R — AN 4% 1) PR ) B3 (an - anisotropic
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dp(t) _ \/[ dx(t)]:(dy(t)jz 0
dt | dt dt

TR it 2 B 1) 1) B [y, to] N B 4% P () IR S AT 534
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AR BIHAR A U P B Pp Z [ HZBRA21E P 3]

K 4 SkFoR AR, B 4 S5 1005 T8 T B 8l xt B i i 3 k4

E !

T 58, B Bl G A 1R [ R AR B B s Py, 2 Pyl Pp P2
SRR — N G2 AR,Po S6 R G PIASU) a0, HLs 2 35 Fig.4 Only one sensor detected

GONHHILE & P R, & Py Bl Po BB AREE SN TFE S —4 B4 HIRWE] - AME RS S B
YIS P (W B A5 PR 5560 A2 19 4 v RSBl SR e 36 po A W R
— B
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(3) WTIMBIFIA B A LA EARRIBR T AR RS N A BB S O TR T n AR AR AR 1Y
ALERATH Q3R O T . 2 4R,0 BER AR I TATIFERT T 28 1 45 v AR 10 7 vE 75 R Q) AVT.

o S 2(BI AVR 1952 30) 5 4 #5 R T X5 e H (0 AR IR XS 1,02 O Y545 AVR 1L B Bl B,
BT SR IR 3R A X (6) VF 5 H K 1) Exposure (B4 5/, FIIL UG I O 2 52 4 1. 4 0k, vl LUERE O [l v
[El.0255 Q) AVT Z 18] (1) it 43 22 s (intersection points)#4) B 45 £ SR AE M B 3 G i) — Bk 1 B oS

B, B 5 g H T 8 2 4 IE 5 R X SR [-1,1]° /AN [F1 B2 3 R JE R AVRs RITAVTS (#4172 78 %

B L=I(BRALHTRE), PR A5 21 1) AVTs BV AR 5% 4 2 48 11 25 ) [7) 44 2158 1 1) Voronoi Tessellation. i 7 Kl 5(b)
T B 2R 2 B 4k L=al, H:th,a=[0.04,0.33,0.53,0.35,0.77,0.37], 5l itk 75 1 i1 AVTs th T35 A0 B A B & ) Sk
FEME T 55 ZEAE G2 1K) 4% 17) [ PR 3R 45 R 1K) Voronoi Tessellation 52458 [H].

(b)
Fig.5 AVR constructed by 5 sensors in square [-1,1]% when I=i, I=ai respectively
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AT FRIR T A SCJE H R AEE T R AVR PRI 5k % R % Voronoi 32 (anisotropic Voronoi edges, (& Fi¢
AVES), MK P 4 B DL AVES A8 R b & 10 5¥4: Voronoi T3 4 (anisotropic Voronoi vertexs, fii#% AVVs); [ I,
FH )0 G e Q5 QF) AVT R A SR A B Eix % O 1T — Bk ik A7 & £ (next-hop
candidates, &5/ NHC).

90 14508 5 % B0 5 40 00 90 B A [—1,10° FLAE 4 i A B % AR T A 6 A4 e s 1 2 4t P 5 v 1) S ST R,
MK 5 rf i S A Z 45 10 s B (TE K 5 o H [ B ) RIA R T B 30 % O 1) NHC.BP RS Bl % O g A ix £
A7 s AR YE TRATTHT T 45 H 1Y) Exposure A5 58 SRk B (18— AN 30N — Bk ) H A A7 B DARE B 1245 B X

H TN AN NHC ik & 38 1A B SUE N B OSBRI N — B B 258 T 2N B )0 Gk it
AN SR IR A1 55 R B, A5 8 B 5 S B T % AU A 5 BRI AT R — B BT e B AR, w5 L
AR A K

(1) BB B ST A BE R — BN B s B0 XU KIS w35 e B, U K

(2) BTG — B B AR H AL B 00 RS KISy 35w K, T s B K

e, B B GR] 1 B O AR I B ) A S5 AT SE R A SR AT B TN e, B8 B G0 L e K B
R A SRR A 0. R e AR AT INASL AT IS A6, i T o RO K45 1 e T o UL,

T AN we, AR, we T R/IN SR 5 GO AL B S B IE T B B S B AR KR UL B R B A
T PR A G R e NS B G A7 B BIE N — B B S B AR A DL S R AR L R R AR R
1ELE.

B R AR TR 30 STV R AN T — B AL 5 S BIE B A7 5 0 B A b 8 R DR G PR AN B S B))
X ENT — BB S Bk H A E AR AR DL N, ve NS B AN G N — B & SRk H 067 & A
) % A B BUE L.
ZE LTI B X AT B A B A T e NHC, AR ST R 77 V25 10 v — P 185 50 R0 SRS A B8 B8 550 s SR A S8 Bl 0 %
TEFEALE AR — B A
Yim QX et Pox e 9)
e
o ,=0,=0 N F WL atfo=1 Ho=p;
o we=apxU'+ BxEi, a3 =0,5=0 JH MR 1, L aat Bs=1.L" Fox BB B0 5 M 2 i s 5 o5 2E K — B
RN AKE;
o =Ll Li BB AN SN — kAL B AR H A4S RS
A5 /T T IR B & AT 25 tH BAR B FE T AVT B 3l 06 5 45 1) S 1 A TR X ) 2 e v
Algorithm. AVT-AMA (AVT based anti-monitoring algorithm).
Step 1. 47 Pc=Pp, % Step 9,77 4k 4k,
Step 2. K4 B B0 G TR DR 35 LA KBS B0 5 w0 B (0 4% I A8 Y SR M IE AVT.
Step 3. V15 H NHC.
Step 4. XfHE—A> AVE, #4522 2 (6) v 5t H 2% % FE (exposure).
Step 5. X AT-3% ieNHC, L5 55 Fi 15 4 BUAE PRl T (weight factors), & T~ Dijkastra 52921510142t — 4 HLAT ft /
R TR R P
Step 6. XI4F A ieNHC, % L' %R PL KL om0 5 Pp I9HE B E; Ros i 45 Pl IR B 5 7 18 1 i
AR IHEH w
Step 7. &R keNHC 1E A LRI T — 407 B, Ho kil 2wy WHAT R je[1.n] 5 j=k.
Step 8. 30 Gty A 1k € B AT B B k, B BRI B0 07 (9 4% A8 1 2L ARG KB A B il s P, SR G [l
Step 1.
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Step 9. Hk4E K.
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Fig.6 Mobile object travels across an anisotropic wireless sensor network with 50 nodes
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Fig.7 Variation of the exposure
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Fig.8 Variation of the path length
i (H A A DL
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2% TR R[] 58 I, Bl 0S5 1K) 2% ik 155 6 Sl0) G PR 000 24 8 Bl S L. ST DR 2 DR Dy 224 o 4 ARS8 K Sk A%
K T UK Bl Gl e Jeeds 1 s 00 280 (1 MR R B A BT (A 98 A T 2 8 20y 8 G %) (00~ 4 K I, DUV RS Bl
G REAE 2 F A BTN B 5 20 AR A et 5 i, DRI T A I8 496 A 10 i A oA R JE A A B U, A R A I ) % R A
171 F1 1] 8 RIS 24 B Sl ons G (R AT A A2 T R IR A8 Bl 0] G 30 (1) i A 4 R A SR i 1) 45 PR RIS kI B T 224 e K
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4 19 208 (R RIS 5 I % B0 G 30 6 1 B AR K RE 5 88 000 B B D 1 A2 8 18I BE 5T S T DT FRT A 24 1o 29 R A

SICES B BT PRSI S 5 BURS B0 515 4 0 K0 50 825 10795 46, AT 7 S5 3 52 20 00 K B
PR .

N T B Step 6 1 4 ANBCE R T IS [FECER S BRI S I, AT 23 5l 6 {( =1, 5=0),
(0=0.5,=0.5)}x{(5=0,:=1),(a=0.5,5,=0.5) }{ LI 4 FIAR[RI 4L AHEAT T 5256 Eh %

o Ci={(=1,4=0),(e5=0,5=1)};

o Co={(22=0.5,=0.5),(as=0,5=1)};

e C3={(2=0.5,5=0.5),(23=0.5,3=0.5)};

o C;={(=1,4,=0),(a5=0.5,4=0.5)}.
Forp OB Bl S 0 ) 24204 30,75 B 45 SR i 9 A& 10 Jow.

2.0 4.0
1.8 ——C; / 35 _-_(‘1 .//I
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X 08 3 15
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Fig.9 \Variation of the exposure Fig.10 Variation of the path length
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