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Abstract: The reasonable deployment of sensor nodes while guaranteeing the secure connection is one of the most
important challenges in designing wireless sensor network. Traditional algorithms merely aim at network coverage
rate, which leads to the reduction of the secure connectivity degree. In this paper, the model of sensor nodes
deployment is theoretically analyzed. Combined with rapid multi-objective optimization of the capacity of elitism
non-dominated sorting genetic algorithm, an optimal sensor deployment algorithm based on secure connection is
proposed, to guarantee the effect of network tracking and secure communication. The performance of algorithms
under different deployment model is analyzed. Simulation results demonstrate that the novel algorithm proposed in
this paper can implement network coverage rate and secure connection degree more rapidly and efficiently and
hence meets the actual demand in wireless sensor network.

Key words: mobile sensor network; secure connection; deployment optimization; elitism non-dominated sorting

genetic algorithm

B B BREDENSESAFAREET B0 S A8 15 R BN BB W %Xt T 49 KA R ALAE 0T B AL
IR AR F MAH 3B 2 5 H B M D F RN 5ok 5 5 0 AR AT 3E1Z 2L, 3836 b x4 2 38 M 4435 41
ARABATT RARNAT 6 EA ik 5 B ARRAGEE A 09 PLAE I BU AR Bk - — P R T2 2409 A2 BAL
ACH R AT ARAE P 25 52 I B AR BRI An 22 21812 69 R B 2R A T RIS E AR 5 2 F Fide o B L AR 09 F 30 F
AR T Sk 0 R Ae 45 B g BRI T4 04 S0k e B Heit ISk T M 4B 2 B Ao s ik i8 B 4 03T R 5% 2
BN R B R0 T FE R

KR BB RS A E 5 AC SR XL AE ik

« Supported by the National Natural Science Foundation of China under Grant N0.60602061 (I %% 44k %} 2%£%E4x); the National
High-Tech Research and Development Plan of China under Grant No.2006AA01Z413 (IH 5 i 4% AW 91 & i i1 %1 (863)); the Natural
Science Foundation of Liaoning Province of China under Grant N0.20042042 (3L 7* 44 148 Rl 27 3 4x)

Received 2007-06-30; Accepted 2007-12-24

© HEEREETOR

http:// www. jos. org. cn



RAR FHBPERBE ML T 2bEHNT B ILEML 1039

HREESES: TP393 XHEtFRIRAD: A

T I Z A T % 9 4% (wireless sensor network, fRiF% WSN) B B A 10 RIS AZHEL . BENLESE . SR 20,
A B 25 R UEAT PR P 5 41 1 B0 2578 I R A 1A T X 4% 1) 4% AN L b 2 ) 7 AR T £ B A ) T
ARAT — Ak B AR #RA ) GEH 35 S AT IT B AR A SCIE & JE T 3K — Y, R SE AT 70 T A% S 9 4 v i A 3
DA 2 AT AT 2 A 50 2R 4R th — i T 22 A 2 (01 mlor A PR AL Rk,

A B W 285 70T AN T AT A o AT TR X 8% T R A ) B, e T IO 8% 9 458 S 0 W 0 i A7 B 1) B A1 2 TR IE
I 2% 7 i Jo B FTOE O T B 1A AU B 4 1F, 9T 68 MAC BRaSts i5 B DRisC i m S v Ry 9 R R SR i L k. R 1 A2 B
TR Y 8% TR R 1 B 1, A0 a0 A DA K 22 SR P AL 308 8 1) SR es . o T 70 B ATL 30 28 A 455 74 0 A1 A
501k 5 S BUBTE X 197 A, BE 4 OHL FE & 45 (micro-electro-mechanical systems, fii#k MEMS)HF 5T 325, ©
ZAR AT T I TR 307 A 04 0 5 10 S vk B A 43 R P 0 A5 (0% 3 DB R (XA R R T i A K S 3k
Fh KB AL g S i Sk TS B v 0 9% 7 i R R T B TSR T SR ST A A RS T T A — A B LR A,
FH T 52 B AT 55 140 i 30070 7 FH 1) AR D3 L, 55 4898 2P AR A, I T 52 30 0 285 1) 78 4 78 o B ot i L 30 2

L 1R TR T A 3o 35 8 7 5 IV e 30 3 2B 7 8, B LA B R T B O S LA B AL T 5 S A AR 1R o A
U ey T e 30T 3 28 G T LA T I e R 3 A 3 A B A T R T LA W 4 B 4y KL AR,
AT 45 v I 4% 285 8 43 T PR 2850 26 AR IR A 900K 20 0 v T 4o B R A ) 24 9 A 7 i 238 DL R 92> T 4% A 7 5 5
T S AT TN ) 24 22 A B2 1K ¢ Rk oK e TRAIE .

T A A TR P 245 11 1 LT 1) 08 . — A i T 08 0 2 ) 0 e 1 T T i B B ) S R R A B
PRAE M 25 (1) 2 P LA E R LN T2 E T S, % HE IR RIEM g2 e, It REFEHEENA. L
T G5 1 245 ST 0 4 v e I 55 A R R 1 T B, R AR £ 0 5 2 R ) A oK I 45 71 R T
e % 190 240 R 5 75, R4 P38 T WIS BE WL 2 50 391 43 12 U1 100 43 3 0 7 A P B L Pl A6
Tl 1] SR N A5 2 W) 7 A AR 2 A F T IR ST 02 1A B 2 T WL A B AZe L A — A K 0t P Bt ML
I 43 s ] BT o N 2 A 235 ] 4 i) FRL B Lk BB T A s 0 0 S 4 o5 0 3 B 3 3 By T LA 8 £
JE xiFx BIBD(balanced incomplete block design)™ . sk £ 1 2 U4 45 2338 T H bR IX I8, 1 A 45 e
N R )3 T B A A IR T A S S A N R Y R (R A T DL g ST 2 A A SR
N M 2 A R B A, T B PSSR (L) Y A TR BB 3 T BN T T AR B () e
TR T A7 A 45 /0 0 5 e A s )R P e O B R W A S

WSN g o7 7 35 - M B £ i L 4 40 I e LA I % 1 Al B | C
BB R DX AR A 2 T DX R, LY B R AN 5 0 4 A, FB/E
BRISH txn ATEBAL AL Gy(i=L,... Lj=1,...,n) 1 F5 8 fr B 41k D*%%%*F
R T v (5 Ok |S) B R4 REE AN T B T (3 BBk ;
ISel), 55 AN T 55 5A Tt ok 18— A 5 B 41 5 A T 25 b K S ik T G | H

A8, 2 DL alSo| AN B B A5 P A T35 BTG A R AT, ) A b S 5
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FEAI AR 3 8 I A0 1 s DA MR A 2 75 A7 A S S s N e
5 Eschenauer £ Gligor JIT 42 Hh ) B L2 B 15143 e 77 € (IR E-G 7 52) BV B A8 FH 36 28 S U0 2> 144 S 4 i
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FHT T L 3 8 BRI P 40 0 A AN 5 53 P R P R 0 4 0T SRR R X 16 8 B e IR 0 T T () e A i
e TSR P T 60t £ JEL 60 0 0 0 B TR S, B AR R 0 AT A R T 2 ) A i P e T R e 1208 g
X 5% (14 2 4 3 P 00 i A X 496 5 = 42 1 160 R 8 70 2% 24 28 0 AT B9F 5 — o 8 4 i) I S 90 % 788 5 2R 0 [ 4%

Fig.1 Probability of sharing secret key
between neighboring key pool
Bl 1 AH AR 2 B e k5 g
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AR AN R, o B R AT 2R
1 EEEE SRR

S0l T A 0 0 A, B
(1) B0 A o 1 0 X S K 0 3 S D, 23 720 7 ek 2 5 45 )
() WIBRALIE B 5 4% AT DAL B 77 3 (SR GPS A 2R S B M Ao 9 20 AL ke £
(3) P48 FHI A3 1 45 W 1% 1 TR L ST vE 5 HEED(hybrid energy-efficient distributed clustering)™25481, #% 3
306 2 T P R 2%, 0 32 1 22 00 4 R 7 DR 6 P A P e IO AR P v S 4
e ARHE T 4 1 7 7L 0 F M, RS 50 T 1 A DR SV P18 S L) A5 S5 LR )
(@) AT BN AE 7, RESHER RS 3 2 DRI i .
11 BFRLWT A HHLEE
E e A1 SRR T B S S e T F 40 1 2 A ek A 4 S e AT A 1D 5 Sl A TR
S, WA 5 WK 37 1385 T AN A2, g 4 0 50 1) 2 4030 155 B2 B4R 50 46 ) 0 2 4 4 W0 DA g — 44
N A R E G(V,E) I VIE 4B fi 2 i 4
ECVxV. 4 4 i 152 403 e A0 a4 AR S A 1 L G(V,E) Y A i
gt Ro b A2 M0 T 6 390 P A 2 4 Ve e 149 8 2 A 1
Ni). N7 A1 B 4 PE B e e Pl ) 2 o 5 A A 54 4 D 2
T T AR IS 2 AR AL R AR AR g 4
R
NETEE D O N A 1T 28 0 4010 00 6 4 O S B ORATE 190 % 145 200 5, TR
ST e BRI R B 2 AT B, ok e
T T AL G D T 26 A 2 I T A R A
N(AY=(B.C.F}NE)=(ACHNCTAB} ARV I A AT 45 B E 58 5 O I 2 A T R S I A 1 i

N(D)={E FEN(E)={D};N(F)={A,D} o St AN AT 2R A A A 2% ) 0 e s T B LA R AL I %
Fig.2 Graph of secure connection HRE TR SR ERR N g H AR X A EBENLEE
2 AR JBCN AN T R B S={s1,82,... Sn} 7 BT R R IR AT AL B

X Y3 =00 Yo ) (X, 0 Y, Dovoos (X, o Y V3 TEAN Tl 190 25 40 0 22 42383 BE SecLink (S) Y A4 T, do KAk W 465 17 2%
T G5 Pooy(S). AT W, T2 A2 175 23 A DA ) U2 — N SRS Y 22 H AR DAL ) .
Fbr 1M 259 34088 76 %8 h
Max. fl(i) = Pcov(s) 1)
HbR 2100 48 22 430 30 5 AT AR A0 30 38 I 30 09 2 ) R T B 8 /N 149 ROl A AR LA 3L s g T 8,
LA TE R W 2% e A R E SO AMEIET 5 U DR 2 A R IR I SR
Max. f,(X) = SecLink(S)=>" >’ SecLink(s,s,) 2)

i jeN(i)
SecLink(s;,s)) &8 T KA B AR HT 5 I 2 ARG L, 8 SN
1, ifd(s;,s;) <R, ands; shares key

SecLink(s;.s;) :{ ) (3)
0, otherwise
W FARF—AN T R0 50 T 225 LBV U Bl T T AR 1Y R R, DR, PR e RN R KA B dn,
dsi(x.y)=si(xy)[<dy 4)

Forr, si(x, y) Fon Al 5 11T s
BTz A s o A A il JBUIT K H b ek $00r) 2D H bx s 18 i 1 3 s AR T A H AR IS B0 — il )
AN SZ AT A Al e 5 1) 2 S, WX RE R AR Pareto s DA, AN I8 3 v 4 s SR 7R 44K Pareto fEIMAE G EL X,

© PEFPEGERIHITON  http:y www. jos. org. cn



RAR FHBPERBE ML T 2bEHNT BILEML 1041

FoRn Fr ok Pareto F 4. Pareto S L4 %S ¥ H b v S FX A Pareto B i #i(Pareto optimal front),icl 4 F(X,),
WE 3 i Z s,

Feasible region f1

Fig.3 Illustration of Pareto solution
Kl 3 Pareto fii AL i A

1.2 fEREIEMEE EIEE

A TR g 7 PR SRR RIS TR s I sk Y TR S U0 R g, O e 2% Y I 238 A7 28078 e A8 AR SCIE IR — T AT
R DA Ay A SR80 P 7 o Y TR — A BT RO R 1000 1 (R 5 T DR 5k, 22 50 T DX SR Ay A e 1 251 11 JeK
SR 1 R A A SRR PR BRI 2P A2, r R K/ E 5 R N R T ) R P TR A I DX A b A SR R
£ S={51,52,...., s I si= 0y i} R T A T A s BT, O, y) A R T RIARAR, DT R T RIS AR X A L
AR R POGY) BT A 178 o B 0 SO 1, 5 POXGY) B A% B 59 5 | T A O PeouX,y,sit o — A M R £

P{li}—Pcov(x.y,si)—{t" E%_xi) +(y-y) <r, 5)
H
P{}=1-P{I}=1-P, (X y.5) (6)
1, 4 1 BN, FR 1% A P(X,y) A A T 1 0 B i A R 1 R 1 T 56, AR G R 2k &R
P{,ul }=1-P{l, "1 }=1-P{1}-P{I;} (7

P S B A PO B POy S B AL POy A S B IR
Py (6,Y,5) = P{LNJIi}ﬂ—P{ﬁh}ﬂ—ﬁa—va(x,y,si» ®
i=1 i=1 i=1

R DA K B mxn MR BEIME R RN Axx Ay, SR FOZ 48 15 H Peov(X.Y, S) A AT
B AR S AT OB 15 R Peoy(S)BI N 1 k4R S IR 5 T AR Adrea(S)-55 LI DX I A 10 5 THIBR A 2 LE:

(S) zzpcov(xﬁyvs)'AX'Ay zz Pcov(xl y,S)
P (S)= Aarea _ x=ly=l Nl yst (g)

- AS iZn:AXAy mxn

x=1y=1

2 ETREMTHRAMEMUEZ

T T2 A I AR IR I 2670 SO BT AR [ AT DA IR g DAT UG a5 A 1 T A b ) A N SR %
P 5 AN 22 A0 B Uik B bR A AR 1) 06E T A% S 14 B B DI A 1] SR AR s Ay 7 SR 497 L, SR e O Y 8 A
P i F A AR I 45 7 6 R R A R AL AL B AR T BT H AR A AE 0 58, B 38 2 AN AF 78 ME— 19 3%
KAE B e /MEL AR S, 75 22 53— AN B AN 5 B bs 2 ) 3 2% B Pareto S A0 . b T M0 B0 E A SR A
Pareto fi# I 47 75 % I S A SC i Y —Fh e T AN 52 S e 49 2K 8 4% 573 (non-dominated sorting genetic algorithm
I A% NSGA-I) 1 2 H b A4k 55 5L g 1) fa &K X E A T, 2 H bs 2 16 28 4 A6 1% (multi-objective
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evolutionary algorithm, & #% MOEA)HE A £ i3 2 H U4 ik 72 b 4 & AR FRE — S AR A B A 0045 v 1618 MOEA
FE SR AR 2 A RR AL 10 BN B AT OB R, 2 B AR R EVE O B T IWESE, B T VELA,SPEARS,
NSGAM NSGA-NI8I2% 2 Bt b 511 NSGA 1 A 5 2 1k FE 4y p:1) Pareto i 3ok i 5K 5 Ak AR 32 S g A
1;2) G AE 4 5 o R R AR R4 22 FE T NSGA-11 2 4F NSGA (1935 a I 2ok #3211 —FF MOEA, ‘& M 3 A~ J7 Thi
b TH AR AT B30 5 — /N B2 S 1) 3 288 Jo o B B 48 9 0o 4 il 0% TG A S5 21 Pareto d5e A0 BT Y5 25— NSGA-11 T
P PR G (I 2 A T B I S8 ogare, RIE T FER Z AV 28 = 5 IADBER G BT 1L TS R k. 5
HoAth 2 B bR 3EC S EA L NSGA-II G IZH . Fafrhom . S FVEE. M TS S RN H T2
H A5G4k 3. (1T NSGA-1 A& I —Fh -3k Pareto 5 JLHT AT I /7723, MUEE % Pareto fif (13 8, A SCH A — Pl BE
T b R ) 7 v A AR H bR R ) SRR Sk e XCH bR, U S — AN B AR AL TR — A H R IX L
s DX S50 S 3 98 2R 2 T, AR A SE B 1 4T A5 R AT 3 Ik R v DX 3 L (A, 0 AL 4D 3 S v
{H#348 %R 745 Pareto S5 A0 1 W (0 30T 28350 40 AT IR, PR 538 3 T LUK 42 JR 1Y) Pareto S5 wir vy, 45 20—~ 5
K.
21 BERBURZXINTRE FiEE

T ST IR AN T 4 A B S5 DA ) 0 (1) e o A 0 T 2 5 AL e €8 A (1) G ) — 2 38 A7, PR i oK 3 % it AR S
K DA s AR KR AR S e AR B G B 7 8, R FH VT a5 AR A 1) 1) et AR A 2R O T A R S Bl O Bl R AR gt
ARG AT 7R A JR 1T P B H A0 7 58, AT 58 8 10 881 24 ) R e 55 2 ] 14 Bl B 66 0 A AR I i ) 7 S U161 4 T s,

o 06 o |:{>X1X2 o e D
. . Yi|{Ya |- | Yk |- [UN

i > {xLyDX2.y2) - (X Yi) - (XnsYn) 3

Fig.4 Coding representation of the optimal node distribution problem
4 1 LA 3 A1 ) R 2 A5 7 5
AR S 5N H AN AR 57 51 SR AN W8 ESCALE P S, A B 1) B 22 18] 5 LN TS A8, 56 BROFRE PR E £
(B, 1 T AR SOR A3 1749 i AR ) 25 5 7 5, A ¢ — b A 18 4% 593 (genetic algorithm, fij Bk GA) rf A ] ) it 4%
ST AN EE B ] T AR AR 1) P S N — Bk 148 X (simulated binary crossover, fij Bk SBX)51%:.SBX M AL
3, I &, 7 A TR 6 B 6, B, I T AR A RS SR Cai( %, Yo, ) Cail Xy, o Yoy, )M IR Ty

{X‘?i =0.5-(A+5) %y, +A=F) %y, (10)
Yo, =05-(L+B) Yo, + A=) Ys,,)
Xe, =05-((L=B) Xy, + 1+ )Xy, .)
{ycz,. =05-(A=5): Yo, + A+ B) - Vay,) Y

o, RN ITT N A AR 20 A M 2k 1 AR 4 R
A SRR N HT T b U BB A5 ) 5 AR A ZE T AT 5 A R Jl ) B R 4 4R 5 b 28 e P B 1Y

BEDIH AT AR SR R IC R a kb 2 54 5,

a, —o(t,a — L), random(0,1)<0.5

= {ai +0(t,U; —4a;), random(0,1)>0.5 (12)
R AREL L AT Uy 23 30l ay B SR St 45 R o x) i SR
5(t,x):x-u-(—%}ﬂ, O<uc<l (13)

Serbu SEBEALET A S RARHL, 2 vk 5 W 0 A1 A 8 B0 AR (8] — [0, XD, A A5 R < B ¢ () 089 I sf i P T
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0. % MEAF A5 AR ST 41 T AE t AR /NI Y AT 48 R MR 25 1) ARAE TREAA 22 BE P 78 IS AR B R R X 3k, 3 i J R 0.
2.2 EEROKRMRITEE

SR S BT W AL B A SR, Se A Y AR AL B VS RS S R A BN T e A
AL B VE B S5 7 T A A R A AR A A R RSE AN A 1DLFE Sy St i R P A B 05 3
ANH By, T E S BE B E 0 50 AL B 0028 . — EL AR S8 1 A B 5 5, WG AR S s 3 AT 88 Bl A R
FHAE T S PAT R SL RS T & RN 0 B S BT 5 300 BE S R AR AR AR SV BT I R e AT AL
Bl 1R 20 e T 717 s A RS S0t R B BV RE S K T I 4% ) A i R T SRV SR AR FR A 1 5 s

S_lniliaI'YS_lmtlal}
Given number of generations T and Population size K
Recombination probability P, and Mutation probability Py,
Reduction rate of the controlled elitism p;

Output: new sensors’ location {X;,Y}-

1 Step 1 (initialization):

2 Set t=0,P'={;

3 Generate an initial population P randomly;

4 Calculate P (S) and SecLinks(S) for each individual;

5 Step 2 (Non-Dominated sorting):

6 P=PUP’;

7 Do fast non-doninated sorting algorithm, resulting non-dominated fronts (Fy,F,...,Fr);

8 Step 3 (controlled elitism)

9 Set r=1 and P={;

10  While |P|<K do

Input: Initial sensor location {)?

11 (1) Calculate n; according to the controlled elitism scheme;
12 (2) Sort F; in descending order using crowded comparison;
13 (3) Put the first n, members of F, in P, i.e., P=PUF[1:n,];
14 (4) r=r+1.

15 Step 4 (Fitness assignment):

16  Assign fitness to each individual according to its position in P;

17 Step 5 (Reproduction)

18  Generate an offspring P’ from P according to SBX and mutation operator;
19  Calculate Py (S) and SecLinks(S) for each individual in P’;

20 Step 6 (Termination):

21 t=t+1;

22 if t>T or the required P\ (S) and SecLinks(S) are met, then terminate;

23 else go to Step 2.

Fig.5 Pseudocode of optimal nodes distribution algorithm based on security

B 5 BT AT oA Bk o ARG
15BN LR fast-non-dominated sorting algorithm 38 553 24/ ) O(2N?) 5 L & 8 T 1B S B 205
O(2NIogN), 32 s HIE 5 42 2% i 29 O(2Nlog(2N)), IR b, AN S92 52 24 55 2 O(2NP),N Ay 35 8 40 s 4
3 HZEAE
T SR SR A S AE Matlab PREE R SR AT PR AN AL T A 10 SRR b T A IR A S AR R A R
AR 2 4, R TIEAE 10 48 7840 78 26 IS 0 T, I 4% J 2 343 1290,
3.1 FEHLERERER
B AL 5 B A 20— P s g R P ) 0% O SRS X A T D 4 70 5 1 T o, LA B M R 00 A bR B
fi(x,y)=X—1Y,XE[O,X],ye[O,Y],1£iSN (14)
HoA XY 2 590328 2% 00 DX 35 K B 0 5 FE N DA RO s 5 SR, 5% 4% a5 A7 A7 R DA MU S 3 ) 380 ) 43 A
Bl ATL 235 B 02 B 5 R E-G 7 &8, BB 38 A0, R &S A A2 e — N 3 B0 B O P IO 2 At S B EA AR R, B — 19 RO
S BB LI k(k<<P) AN TR % 41, 1 Fh BEHL T2 e 7 2 A A3 AT 3 P A 19 R RE 8 LA — 32 A R A7 AR 5 L =2
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T B 5, PSR AR T R A7 A3 3 B B ATLIZE O A 08— U7 (1 s 3 .
£ 50x50 [ DX Ik b8 32 AN i EAT Hh A A, 4T RV AR 7 AR B AL I BEAR R R M %
WA R R

p:nT_l(ln(n)—ln(—lnPc)) (15)
. (P=K))?
T CRTAT (16)

MBEHLEE MR Pc=0.99 I, KIS d=8,% Ptk K/ A 100 000,515 ni Frafsaly B A S 2 263 41
AT R AEE L S AR 0.5.

1 5675 S LA 4 7 1 AR E BRI ST R e A T TR R R A1 o, PR At AR BV (sing-
objective genetic algorithm, f#i % SGA).H¥EIZ 1T 200 X, 77 H 45 R WKl 6 i Hoh LR IR T 2 [AfETE T4
R MR 6 AL AN IS 4 2 AR G LR, BARER T S B 5 R R i TR H AR SR A SR
AT T T BN 4 2 A T T T RO R

50— 50

45 ~=g 45

40 A\ 40

351, % ; 35

30 - 30

25 25

20 20

15 . 15

10 ; 104 ¥ P

5 ~¥ZR 5f =

0 . =y 0 - -
0 10 20 30 40 50 0 10 20 30 40 50

(a) Initial secure connection (b) Final secure connection
(2) WIEHAL M 2% 3 b (b) FRZ LA

Fig.6 Results of single-objective genetic algorithm
K6 HRLEES R

SR 5 5 5% 2 4 O R I 24 7 5 AR N4 B RS SVEE L NSGA-ILA T HEUM LS ARt 5 2 B s
AR B30, )5 B0 AH 7] 92 56 37 53¢ T HEAT B A6 40 W 45 3 0 5 18] 6(a) T AH ), 55094247 200 AR, 05 545 R & 7
fros o LS R R AR AL R, T A AR R T R R SR KB AR R T RO BT, SR AR R T R
AR B 7RI HN, Y R 24 53 AT B (] I SHfe i o] 26 46 A7 5 2R I 22 4 0 0 B B A e I E E R 86,
EEWIAR ALK 97 A2 A A /D AH W0 2% 7 6 22 U AT A6 AL FK) 79.36% 4 i 4 99.84%. FJ L, NSGA-I1 HEWE Hid T
AT V) 2% 7 i 2 5 T 9% 2 4 30 FEE 2 TR) PR 9T 20, AT R UE I 45 22 M RO T ER 1, 3 i 0 445 A 0078 i T AL

50 50 — 50—

45 45} 45} 5w 4 "

40 401 40} { e

351, ! 35/ 3BLH Lo 1

30 o) 30F 30 .

250 25} i 25} - -

20 20(_\, 20 g

15 \ A 15 . 15 «

10— 10p= 10p '~ ~iA
5 f 5 5 . ‘ LAl
0 . 0 0 g ]
0 10 20 30 50 0 0 10 20 30 40 50

(a) Initial network coverage
() WIIRAL I 4540 4

(b) Final network coverage (c) Change of secure connection degree
(b) &Lk (c) %z L

Fig.7 Results of the multi-objective optimal algorithm
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32 ETMMNELIr ST ERE
T ST AR BB X I O R ten AN R IR FR) P4 ) B oo #8384 B8 2 R0 23 Db A5 R 1 e 201, 3 415
X AN P L% AT 22041 BRSBTS PO s 4 v u=(,y3) R — 4 e 07 3 A

Xy IKEGyy) = e O 0 g (e y -y an
Fer, O6y) 7R 3 KA AR R R R A A, FLAE A 3T A A A H PR AR 7, 389 24 1 (ten). 5 OB 20 A1 0 H
m n 1
1:overall (Xv Y) = zzi fk (Xv y | ke Gi,j) (18)

i=1 =1l
SR IS T 0 DA o 0 e 305 e B R S BT R 2 20 X Pl 3ot B RN T 0.01(oh i
I3 A1 BT 22 ). %08 [R] A M 00 DX ) 3 0 B A 408 DX 3 T 43 A I £ 85 B i, T DL R TR A [ DX 3 DA R AR 48 X 35
R SR 2 A TR AR AR HLAESRAGAH R 3L = M 1 4 110 1 P o 8 P A 2 B
N T 2 S S B A T S RE R B 0, FRATT B T AN S ¥ S AE 60x60 M D L i 36
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