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Abstract: By using the theory of minimum connected dominating set, the issue of topology optimization for
heterogeneous wireless sensor networks is studied. Considering the heterogeneous feature of sensor nodes’
communication capabilities, a function named area energy consumption rate has been built by integrating the quality
of communication links, the transmission range and the remaining energy of nodes. This function has been used to
estimate the energy consumption rate of communication areas and determine the selection of dominating nodes.
Thus, a distributed topology control algorithm which is minimum connected, has been proposed. The experimental
results show that network topology constructed by this algorithm has reliable communication links and high
efficiency of energy utilization. It has the potential to significantly prolong the lifecycle of heterogeneous wireless
sensor networks.
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Fig.1 Heterogeneous sensor networks modeling
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Information Exchange():

1 for (each node u) do

2 while (receive Hello from v;) do

3 sent Answer include Id(u), Ecr(u), r(u) and Id(v;)

4 while (receive Answer from v;) do

5 insert a new line into Neighbor-List(u)
6 ld=1d(vi); Ecr=Ecr(Vi); r=r(vi)

7 calculate AECR(u)

8 sent Reconfirm include 1d(u) and AECR(u)
9 while (receive Reconfirm from v;) do
10 if vj is in Neighbor-List do

11 AECR=AECR(vi)

12 end if

13 end while

14 end while

15 end while

16 end for

Fig.2 Procedure of information exchanging stage
2 FERAHN BT

212 SRR

AW BORFH W 4% FE AL 56 48 22 BF S (breath-fiist search tree) Vs I I 4 4 15 25 BT AL 4% o 10 s B i £
TIE A W15 5B A7 AL — A HE R 0 FE AR I High, 35 T 1 58 A W) 28 Al R ST 4R (R A 2 I BER P A T8 3 9o, L
PR

W 2% State 2 O 19717 sl H & AECR /N T [a) = B H. State #51c 2k O FART £UK AECR {H, BLH AR Ja
fFRARP O LR & H State 24 0 FIARY 2L WKL B BRES State ARid B8O 1800 STl 21, Kk
dominating ¥4 &, B35 &5 1d FUR AR R State; s 5] dominating 34 5L BT State Sk O AR 577 il M Y 432 0 1)
4177 15 State 0¥ H & State 1B 2, B AESCHLTY 4, K% dominated WL, BLFE T A 1d FIARASFRIN State;
FZWC 2 dominated 17 5T A AH RAE 4B S A5 BV F1 3R h BT iR IR0 4T 19 A State ARES.

Dominating Set Constructed():
1 Carry out the BFS
2 for (each node State(u)==0) do
3 for (WvieN(u), High(vi)==High(u) and State(v;)==0) do
if (AECR(u)<AECR(v;)) do
update State(u)=1; broadcast dominating information include Id(u) and State(u)

end if
end for
while receive dominated information from v; do

State=State(v;)
10 end while
11 while receive dominating information from v; do
12 State=State(v;); update State(u)=2; broadcast dominated information include Id(u) and State(u)
13 end while
14 for (WvieN(u), High(v;)==High(u) and State(v;)0) do
15 update State(u)=1
16 end for
17 end for

©O©oo~NO O

Fig.3 Procedure of dominating set building stage
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2.1.3 R AR

H T RSB R S5 I 5 8, 25 7T R SR A P Bk ST T R UE R I A A K R FE
TE T SCIC AR, ST e ) T 46 g /N REFE 0 b B ABL A% W BOAR e W ] 4 R S AR A o 1

W 2% v State 24 2 IR ITAT 1 B8 v FLAH AR SCHC T AUE H A AR A B AN BB A DL R A AL S R e, T R

E4R15 £1 connector i 5T P Bkt SCAC 45 A1 412 2HDD(2 hop distance dominator):

ld(vi) AECR(v)) Id(weN(v;) & State(w)==1)

FFAKHE AECR 33 B9 I3 HE 511% 41 3, LA AECR B M /N B A YR 38 BUAH I 48717 i 34T 84145, K 3% connecting
TR LR O 1d, B0 JE B S Y A B e S 38 A AR 1B M F connecting Y LI State 2 9 R,
£ H 1d 85 T connecting 1 & A T B 45 Y A, State &80k 3,9F &% F-connect 74 B, B4% H & Id Al State
RS WF F-connect V4 B State S 1 17T 5 AEAE AN F-connect {5 5, 6 5 1%0% 215 sSAHIE I SZ BC 1Y AL 1d
MIE 2HDD bl B

Connector Selected():

1 for (each node State(u)==2) do

2 if dominator numbers of u more than 1

3 broadcast connector information include 1d(u), AECR(u) and Ids

4 endif

5  while receive connecting information from v

6 if Id(u) included in connecting information

7 update State(u)=3; broadcast F-connect information include Id(u) and State(u)
8

end if
9 end while
10 end for

11 for (each node State(u)==1) do
12 if receive connector information from v
13 insert a new line into 2HDD

ld=1d(v); AECR=AECR(v); ld=Ids; select connector v;; broadcast connecting information include ld(v;)
14  endif
15  while receive F-connect information from v
16 store State(v)=3; delete weN(v) & State(w)==1 from 2HDD
17 end while
18 end for

Fig.4 Procedure of connector selecting stage
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e KRS T 23845 TR 46 P 25 34141, G aecr-cos(V, Eagcr-cps) " AECR-CDS S AL K B 45 1~ 31 4.

I WA A H% AECR-CDS 5792 19 32 L 42 44 4 [ B 1T 401, B G aecr-cos (V. Eaecr-cos) 1 MW 45 /1 T A5 1 ri Am i 4
RS AU ARSI Y AU R AR SIS Y AU STE T A AN TR AR B . [N, S TC Y A ) A7 A A
5, 02 P 24 R AT T R A I BB 08 0 o Al ST Y s o S AL AR o LY A T A B M AT R AL Bl T
ST AR G B B AN AN DR T I 4 rh A R SR Y AU AR AR AR AE — AN SR Y R 5 AR IE T HL Re A TR AIE (R 4 51
AHAR 5 37O A TA) DA B 1% S BLIE A5, 76 Db 6 il b, 20 By s A BB B, SO ST T AT T A I A ko 1) S Y
J )T A BE G BT LA sE X2 5 50,45 G(V,E) &, W G aecr-cos(V, Eaecr-cos) 2 IE 1H. O

3138 1. B 4T VYueV 276N p(u)| << 9.84[InK/In(2c0s(nt/4.92))]. Hi 1 Nyo (u) 22 75 5 s u g A 37 48 ft
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£ K=Tmax/ T min-

T B AN R M AR B i A9 BT L, LT A0 90 30455 38 L A7 40871 5 PRl A Y 1B, U4 st g A 45
VIR RS B A D g d(u,v), 28 22 o KR 5570 A uAR A IR AT 4871 v B8 A7 T LA suoh B0 DL 1 AT K
BT A AR 0 [ PRI ] 5 (a) BT

TR A x Ay, x F1z H AR (B 5(b)), 2yxz=a, d(x,y) <d (x,2), W75 55y (3045 56 B 42 20 d(y,x), 3 Az
A Y B 220 R d(z,x). A ARIE T ALy Rz B H g AR A5, WAL d(y,2)<<d(x,y); 24 d(y,2)=d(x,y) kT, Lyzx=a,
d(x,2)=2d(x,y)cos(c). 7T WL, L] J& 15 5 y,z B R 40 I S 4 A

BT B3R A0, LU Suh B0 483 BL 1,2¢08(@),2c08(@)?, .., 2c08( )P b 27, Kl 4 AU B« KA AR 1)
[ 455, f30F 2c0s(a)’ <K, Elp<<InK/In(2cos(a)). T LA, % R85 1 il 43 Ry p AN FRAE & 5(a) 0T 7, 5t ZEua, ud 38 1 45
2c0s(a)“—2c0s()“"* T fia,b,c,d. % 4 sim7E X dabed P4 . i1 T-d(u,c)/d(u,b)=d(u,d)/d(u,a)=2cos(a), i & 5(b)%#7
AL, BE 3 A2 A a b, cRT AR 4 Al 4% 1 BT A abed sk P AT R 45 sei 8§ ki m L g 4 45 sii.

B5] b ,abod 42 1R 1) 23 A B0t 25 A0 T 5 u iR 3 AR R AR R /N T B, T A u i Ak L A A AR N (u)] <
[InK/In(2cos(a)]-(2n/a), 24 O0<a<n/3 I, 7F a=nl4.92 kb f(a)=[InK/In(2c0s(a))]-(2n/ ) 17 £ ot /ME, BTN o (u)| <
9.84[InK/In(2cos(n/4.92))]. U

(@ (b)

Fig.5 Independent neighbor graph of node u
KI5 75 s u BT AR JE 1

3138 2. BRI 6T YueV,veV, LK (u,v) e E, FELE N p(u)+Np (V)| < 16.3[InK/In(2cos(n/4.92))].

I AR e — e AR Ber(u)>r(v), i &l 6 . B T d(u,A)>d(v,A), BT BLZuvA = 1t/3, ZAVB = 20/3 I vk i
5 AN 22 /b 2/ (1) DX S At 1 A u ) Bl ST AT BT 3 36 IN o (V)] < (4n/3a)-[InK/In(2cos())]. tH 513 1 ] 41,
[Nip(U)+N (V)< [(2n/ &) +(4n/3a)]-[InK/In(2cos( )], B [Nip (U)+Np (V)| < 16.3[InK/In(2cos(n/4.92))]. O

TEFR 2. S 4% il i AECR-CDSSHVA R £ ()32 38 SCAC 42 G aecr-cps(V, Eagcr-cos) i AL :

3" AECR() < kS AECR(Y,),

i1 =1
L rf:k=3+9.36 A(InK/In(2c0s(n/4.92))-1), f=max; j e AECR(i)/AECR(j);n A Gaecr-cps(V, Eaecr-cos) I H T 1 s AN 4K
Ui 4 Gaecr-cos(ViEaecr-cos) T E T 5 5t ;opt A 2 i /> BEFE 58 SCT IS H T4 Gumin-cos (V. Emin-cos) LA v AR &
Guin-cos(V,Emin-cos) T I E 19 5.

IE B 1 % Gpin-cos(V, Emin-cos) A P 4% 35 /I B8 FE 3 S 19 12 8L T4 . 2% J8 Gaecr-cos(V.Eaecrcos) B T- M Hi
AECR-CDSH: 18 MU ) SCC 19 AU A7 s SR AR, T 11 23 PR 3870 SR 1R IE 12 2 B 1Y) TE A 12k :

(1) }:@d%ﬁ%:ﬁ&%«'ﬁUI%GMW-CDS(VqEMlN-CDS)J:E%%1‘~5n7%]3/4EGAECR-CDS(VxEAECR-CDS)%ﬂ":Pq%/ﬂﬁnu
R ST S B R AR ST AT A S A5 E Y S Ui — M T A, G aecr-cos(V,Eagcrcps) B T
P DX 3 iV FE R 55 T G aecr-min(V Eagcr-min) DX RE 5V FE 3 455 ARuoh B SCRCY A KA D1 2 1 NG 3 2 W)
ST R UTE LA S b LA e KA R AR Y T DU S A T AR T AR A Case 1,75 JUIYH AL Case 2:
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Case 1. IN;p(u)|=<9.84[InK/In(2cos(n/4.92))];

Case 2. |Np(u)|<6.56[InK/In(2cos(n/4.92))].

M 6 M, MEhERWRUBRZ AT 5 N7 A Case 1 M AH Tk 7 2845 s, BT DL, en AU %
Gwmin-cos(V.Emin-cos) |- i A Case 1 [ 71 k>4, I n/ (opt—n) << 5.3 5l 3 7% sl u i) 80 57 48715 20 v, Vs, v, HH
Gaecr-cos(V,Eaecr-cos) 3¢ L 5 [ A4 G A H P 43, 28 A A7 7 — ANl S AR 715 i HE X4 8 ki #E 6 /N T-AECR(u) 16 4
ST 5, H AT Y SAUE 2 £ S SAECR(U).JIT LA, T s uk 4 1L R0E 15 Y5 [ (Case 1 DX Case 2),3K45 IAHAR
JHNT T ACER DX 5 B B Y FE 2R 43 il il A2

Case 1-1. AECR(IN o (U)]) < [1+/5(9.84(InK/In(2c0s(x/4.92)))~1)]- AECR(U);

Case 2-1. AECR(|Np(u)|)<[1+4(6.56(InK/In(2cos(n/4.92)))-1)]-AECR(u).

HY sl — Rk, wT LAHE) T 23S Guin-cos(V, Emin-cos) L2 22 ML, G agcr-cos(V, Eaecr-cos) SC L AR Ui AL :

a AECR(|U |) <[L+9.365(InK /In(2(cos =/ 4.92)) 71)]-§vj.
=1

(2) FEBET ATAL B G(V,E) vy, Vy. . vy T £ u Al uy i) X 35
e 2k VP 26 /M

tH T Gaecr-cps(V,Eaecr-cos) #i #h AT AT JE SCHE 15 i i 22 /D A7
FE—ASCTCHT A5 FEAH AR, AT Aadug, Uy, .. S50 JE SR fvy, vy,
FRAH BV 32 T .5 T8 2 G agcr-cos(V, Eaecr-cos) THE EAHEE 2 Bliz
PR SCTC 1 A V] 65 S S B TR T X3k et 1 R 2 e/ TR A1 R AT
FETT RO S5, B LA AH BE PR Bk A28 SCIE T A ug Rl up o TR B O 221 R
Ci i+11% ALAECR(C; j+1) SAECR(V))+AECR(Visy),1 <i<<n.

B

Fig.6 Independent neighbor graph of (u,v)
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3.2.1 Mgk T HE X L
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Fig.7 Comparisons of the link reliability for networks
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Fig.10 Comparison of connected dominating set’ size Fig.11 Comparison of network’ lifetime
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