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Abstract: The topology of a wireless multi-hop network can be controlled by varying the transmission power at
each node. The primary goal of topology control is to design power-efficient algorithms that maintain network
connectivity and optimize performance metrics such as nodes lifetime and throughput. An energy-efficient
distributed topology-control algorithm is proposed, briefly called VCGG (A varying-cone distributed
topology-control algorithm on Gabriel graph). Using a new mechanism of selecting the logic neighbor nodes by
firstly deleting the farthest node (FDFN), the VCGG algorithm builds a degree-bounded, power spanner and planar
subgraph by making use of merit of the varying cone. The simulation results show that the VCGG algorithm
performs better, in terms of power efficiency, number of communication neighbors and interference, than the
existing SOGG and SYaoGG algorithms.

Key words: ad hoc network; topology control; energy-efficient; optimal power; f-spanner
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Algorithm Selcet N Node;

{

Sort all black neighbors by distance to array Nb[];  // Nb[] is the neighbors list of node u

Sort all white neighbors by distance to array Nw[];  // Nw[] is the temp list of node u

For (i=0;i<size;i++) //size is the number of nodes of array Nb[]

{
_4p
For (j=i+1;j<size;j++) If (cone(Nb[i],Nb[j])<2arcsin2 # ) Delete Nb[j];
/I cone(Nb[i],Nb[j]) is the angle ZNb[ilu Nb[j]
For (j=0y<w_size;j++) /lw_size is the number of nodes of array Nw[]
{
If (cone(Nb[i],Nw[j])<n/3 && ||u,Nb[i]||<|lu,Nw[/]||) Delete Nw[/];
If (cone(Nb[i],Nw[j)<n/4 && ||lu,Nb[i]||>||u,Nw[/]||) Delete Nw[/];
//||u,Nb[i]|| is the distance btwwen node u and Nb[i]

}

While (Nw[]<>null) Do { //some white nodes still not be selected
1B

For(i=0;i<w_size—1;i++) If (cone(Nw[i],Nw[w_size—1])<2arcsin2 * ) break;

If i<>w_size—1 && ||Nw[w_size—1],u|[>max(||Nb[],ul|))

{
For (m=i+1;m<w_size;m++)
{
_+B
If (cone(Nw[i],Nw[m])<2arcsin2 7 &&|ju,Nw[i]||<||u,Nw[m]||) Delete Nw[m];
If (cone(Nw[i],Nw[m])<n/6 && ||u,Nw[i]|[>|ju,Nw[m]||) Delete Nw[m];
H
Move Nw[i] to Nb[];
}
Else {

If (i==w_size—1) Move Nw[w_size—1] to Nb[];
For (m=0;m<w_size;m++)
1+4
For (j=m+1;m<w_size;m++) If (cone(Nw[m],Nw[j])< 2arcsin2 # ) Delete Nw[/];
Move Nw[] to Nb|[ ];
}
}

Node u sets its color as black;
Node u broadcasts message UpdateN to its neighbors including the information of all deleted node ;.

}

2.3 VCGG
3. UDG(V) A VCGG
: b s VCGG (7 w uv,uv
UDG .
Q) 2(a) PX() w ) v . GG
Jwv|[<[|uv|], wy uv. w , uw VCGG
plu...v) pw...v) . , Ny
(@) 2(c)  luwl<lluvll,  Lvuw<n/d, |lwvl|<|[uv]]. ) uw - wy uv. ,
pu..w) pv...w) s p(u...v) . , , uv
3) 2(d) , ZLvuw<t/4,  ||lwv]|<||uv]|, wy uv. [|wx]|<||uw]||,Lxwu<m/4,
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] 2 ||uv||-cos2k—7E (k29), k=9 |juv]] luy|| 1.3 (l/cos%j , 1.34
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26<2n/3.  VCGG s WX S Y o=21/3, s u
v , u [|ux]||?. SYaoGG SOGG
. u v . u lw”. GG ] < V2] ,
,VCGG W2y . O

u

Fig.4 The method of node u selecting logical neighbors Fig.5 The more logic neighbors due to k-equally cones

4 u 5 k
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UDG(V)y . UDG(Y) VCGG , MST,GG,SOGG,SYa0GG .
52, SYaoGG  SOGG k 9,VCGG e=2arcsin2 ™" -2m/9~1.4".
500 ( )
«C ) «C )
(1)
6 , GG,SYa0GG,SOGG,VCGG  MST.

© HHEREBAAIGUT http:/ www. jos. org. cn



711

,GG 1;SYaoGG SOGG 1.02;VCGG
1.03;MST .VCGG 1% R 0
.VCGG SOGG (<0.01), ,VCGG
> . MST

0 _logn , n-1, ,
loglogn

1.8
1.7

1.6

15 . &

1.4

1.3

1.2

1.1 '

Average power spanning ratio

1 0 _._:- .__."_-.' T T e © | il e £ el e

0 50 100 150 200 250 300 350 400
Number of nodes
Fig.6 The average power spanning ratio of various structures

6
)
7@a)  7(b) . .VCGG
,  SYaoGG  SOGG 1 R , FDFN
, R .VCGG
SOGG 0.2, 0.5
s 3.8: e o e R PN SO E 1.5 T 0 ——
5 | i - ,'2 | I
2 3.6 .- ® 70 o
2 34| j 2 65| -
= | = |
® 3.0 ) | 2 s
s 280 : 5 sof o g1
_qg 2.6} A ..g | / =k
E 24 - g =43
E | : |
5 22 24 —t ;
5 20| |2 27
ST il Sk AL - S S 8 = Wy (= <k S S SIS S S AN S S LS|
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Number of nodes Number of nodes
(a) Average communication neighbors (b) Maximum communication neighbors
(a) (b)
Fig.7 The communication neighbors of various structures
7
3) C )
8(a) 8(b) (
)' 2 2 2
.VCGG SOGG 0.5, 1.3
)
9(a) 9(b) . ,VCGG

© hEE

HAFINGTET  htpy/ www. jos. org. cn




712 Journal of Sofiware Vol.18, No.3, March 2007

FDFN s SOGG . R
0.4 ; 1.0, ,
2
Z 7.0 — Y T — e
© I il ° el
5 ) e 5 .
3 6.0} o 5 -
= [ ¥ 2 20}
S 55 s .
2 | B | |
2 5.0: . " . a: .__.-'
E 45| s « 15
=] | el h (=] ;
5 4.0} 2 5 ;
S | e ]
g 3.5F ]
= I = 10}
S 3.0} o
2 | = |
5 22 E
Z oooB il e e, T, e R T i ST S T S S I
0 50 100 150 200 250 300 350 400 S 0 50 100 150 200 250 300 350 400

Number of nodes Number of nodes
(a) Average node interference (b) Maximum node interference
(@) (b)
Fig.8 The node interference of various structures
8
10 > 16 £ e

o & | -

| ! ™ - 0
5 9 2 14 i
g 8 . 1 g 1 :'\.,\_\_
£ 1} o'k z 12 "y . '
2 | ‘s | Yy |
g 6 | @ é 10} O 3
§ 50 1 g g .
z 4 5 2 s
s} | e W e | - |
g2 3 I . c 6 T |
[5) | S—— = ]
@ 2] ——— £ 4
o 1 % =
A 1

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

Number of nodes Number of nodes
(a) Average node power (b) Maximum node power
(a) (b)
Fig.9 The node power of various structures
9
4
GG VCGG,
t- .VCGG ,  SYaoGG SOGG o
;0 s ; FDFN
,VCGG SOGG,SYaoGG s

, VCGG

ERKAIIAUET  hup:// www. jos. org. cn



713

References:
[1] Wieselthier J, Nguyen G, Ephremides A. Distributed algorithms for energy-efficient broadcasting in ad hoc networks. In: O’Berry
CG, ed. Proc. of the IEEE Military Communications Conf. Piscataway: IEEE Inc., 2002. 819-824.
[2] Luo YH, Wang JX, Chen JE, Chen SQ. A distributed algorithm based on probability for refining energy-efficiency of multicast
trees in ad hoc networks. In: Werner B, ed. Proc. of the IEEE Conf. on Local Computer Networks (LCN). New York: IEEE Inc.,
2005. 482—483.
[3] Rajaraman R. Topology control and routing in ad hoc networks: A survey. SIGACT News, 2002,33(2):60-73.
[4] Li XY. Algorithmic, geometric and graphs issues in wireless networks. Wireless Communications and Mobile Computing, 2002,
3(2):119-140.
[5] Capkun I, Hamdi M, Hubaux J. Gps-Free positioning in mobile ad-hoc networks. Cluster Computing, 2002,5(2):157-167.
[6] LiM, Lu XC, Peng W. Planar ¢-spanner for wireless ad hoc network. Journal on Communications, 2005,26(6):62—69 (in Chinese
with English abstract).
[7] Kleinrock L, Silvester J. Optimum transmission radii for packet radio networks or why six is a magic number. In: Gerla M, ed. Proc.
of the IEEE National Telecommunications Conf. New York: IEEE Inc., 1978. 431-435.
[8] Zhou SH, Chen SD. A multi-rate aware topology control algorithm in mobile ad hoc networks. Journal of Software, 2004,15(12):
1869-1876 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/15/1869.htm
[9] Karp B, Kung HT.GPSR: Greedy perimeter stateless routing for wireless networks. In: Pickholtz R, ed. Proc. of the ACM
MobiCom. New York: ACM Press, 2000. 243-254.
[10] Kuhn F, Wattenhofer R, Zollinger A. Worst-Case optimal and average-case efficient geometric ad-hoc routing. In: Johnson DB, ed.
Proc. of the ACM MobiHoc. New York: ACM Press, 2003. 267-278.
[11] Li XY, Song W, Wang W. A unified energy efficient topology for unicast and broadcast. In: Porta TL, ed. Proc. of the ACM
MobiCom. New York: ACM Press, 2005. 1-15.
[12] Toussaint G. The relative neighborhood graph of a finite planar set. Pattern Recognition, 1980,12(4):261-268.
[13] Gabriel KR, Sokal RR. A new statistical approach to geographic variation analysis. Systematic Zoology, 1969,18(3):259-278.
[14] Yao AC. On constructing minimum spanning trees in k-dimensional spaces and related problems. SIAM Journal of Computing,
1982,11(4):721-736.
[15] Bose P, Gudmundsson J, Smid M. Constructing plane spanners of bounded degree and low weight. In: Raman R, ed. Proc. of the
10th Annual European Symp. of Algorithms. London: Springer-Verlag, 2002. 234-246.
[16] Wattenhofer R, Li L, Bahl P, Wang Y. Distributed topology control for wireless multihop ad-hoc networks. In: Sengupta B, ed.
Proc. of the IEEE INFOCOM 2001. Piscataway: IEEE Inc., 2001. 1370-1379.
[17] Li L, Halpern J, Bahl P, Wang Y, Wattenhofer R. A cone-based distributed topology-control algorithm for wireless multi-hop
networks. IEEE/ACM Trans. on Networking, 2005,13(1):147-159.
[18] Calinescu G. Computing 2-hop neighborhoods in ad hoc wireless networks. In: Pierre S, ed. Proc. of the AD-HOC NetwOrks and
Wireless Conf. Berlin: Springer-Verlag, 2003. 175-186.
[19] Song W, Wang Y, Li XY. Localized algorithms for energy efficient topology in wireless ad hoc networks. In: Murai J, ed. Proc. of
the ACM MobiHoc. New York: ACM Press, 2004. 98—108.

[6] R R . ad hoc t- : ,2005,26(6):62—69.
[8] s . . ,2004,15(12):1869-1876. http://www.jos.org.cn/1000-9825/
15/1869.htm
19727 ), , , , 1976 ), , ,
(1969 ), , s ,CCF (1940 ), , R ,CCF

> 5

© [ERjEpaE

CECUFESOT httpe/ www. jos. org. cn




	相关研究
	VCGG算法
	可变扇区的选取方法
	VCGG算法
	VCGG算法的性质

	性能评价
	结  论

