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1 Introduction

Geographic routing has been considered as an attractive approach since it exploits pure location information
instead of global topology information to route data packets, this location based scheme makes it a more
efficient, simple and scalable routing protocol in wireless sensor networks [1-5]. This mechanism can minimize
the hops from the source to the destination.

Holes, it also called local minimum phenomenon [6], as an inevitable phenomenon exist in geographic
routing. Among existing routing protocol in the literature [7], most existing geographic routing protocols adopt
static and peripheral mode bypass holes.

In this paper, we extend the previous work [10] by constructing a dynamic detour path hole geometric
model for balance energy consumption. The location of hole detour anchor point is dynamically shifted
according to Gaussian function, just generating dynamic hole detour paths.

2 Proposed Protocol

To make every detail clearly, we first briefly introduce the previous work [10].

A node can detect whether it is locating on the boundary of a hole by the mechanism proposed in [6].
The node which firstly detects a hole sends out a Hole Boundary Detection (HBD) packet along the boundary
of the hole by the well-known right hand rule [9]. The mission of HBD packet is to trace the location
information of all nodes on the boundary of the hole. For example, Node B, initiates a HBD packet marked
with its ID and forwards the HBD packet to hole boundary node B; by right hand rule. This process repeats
until the HBD packet has traveled around the hole and eventually been received by the initiator node. Then
node By selects two nodes B, and B, from the nodes on the boundary so that the distance between B, and B,

is the longest distance among the distances between any two nodes. Then on each side of 5.5, a node that

the vertical distance from it to 5.5 is longer than other hole boundary nodes on corresponding side of BB,
e.g., B; and By, is selected by node Bo. Then through B,, B;, B, and Bi, node By can obtain a rectangle, and
the bisectors of four right angles of the rectangle intersect at point F; and F,. Then node B, selects B, from

the nodes on the boundary so that the sum distances of B,F, and B.Eis the longest than that of other

nodes. Assume that B,F+B,F;= 24, then B, defines an ellipse. Where @ is the semimajor axis of the ellipse.
Assume the distance between F; and F, is 2¢, and then according to ellipse property, we can get the
semiminor axis of the ellipse b. Then node B, initiates an Ellipse Distribution (ED) packet which includes all
information about the ellipse, and geocasts the ED packet to all nodes inside the ellipse. Then all nodes
inside the ellipse are aware of the ellipse.

We suppose V is agent point of U for the packet destined to destination D. Line UVis tangent to the
ellipse through tangent point U. Node U can get the location of V if it knows the length L. Node U
calculates L by following formula:
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L=Ja-b(1+a)—d, 0<ac<i, 1)

Where d is the vertical distance from the centre of the ellipse to line UD and a is a balance parameter set
by system. Then node U can calculate out d,

Now, we describe our promoted algorithm. We balance energy consumption through the dynamically
anchor point. The dynamically anchor point is still determined by the node which is on the boundary of the

hole. In addition, we modify the set of all possible values of the balance parameter g. As step 1, the tangent
node calculates L will follow (2):

L=vab(l+a)-d 02<a<l2, %)

We get the anchor point through (2), and we suppose the coordinate of the anchor point is (a, b). Our
promoted protocol has two main steps about how to get the dynamically anchor point. Stepl, tangent point
node gets the basic location information of anchor point using (2). Step2, base on the 2-dimensional Gaussian
function anchor point dynamically shifted. The 2-dimensional Gaussian function is following:
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Source node S transmits a data packet to destination D along the line SD by geographic routing protocol.
Nodes on the ellipse are distinguished with the others by ED packet information which is existent in nodes
on the ellipse. When data packet reaches the boundary of the ellipse, it sets the data packet to anchor mode,
and adds the anchor location information to the data packet which is calculated by (2) and (3), and then
forwards the data packet to the node which is geographically closest to the anchor location. When the node
closest to the anchor location receives the data packet, it resets the data packet to destination transmission
mode and resets anchor location field in void state, then transmits the data packet to destination directly.

3. Conclusions

Our algorithm has three prominent advantages: (a) it prevents data packets from entering the stuck area of a
hole, thus reducing route rediscovery overhead; (b) it reduces energy consumptions and data collisions of the

node on the boundaries of holes(c) it balances energy consumption of the entire hole existing area.
References

[1] Karp B, Kung H. GPSR: Greedy perimeter stateless routing for wireless networks. In: Proc. of the 6th Annual Int']
Conf. on Mobile Computing and Networking. Boston: ACM Press, 2000. pp-243-254.

[2] F. Kuhn, R. Wattenhofer, Y. Zhang, and A. Zollinger, "Geometric adhoc routing: of theory and practice," in Proc.
ACM Symposium on the Principles of Distributed Computing (PODC), Boston, MA, Jul. 2003, pp. 243-254.

[3]1 P. Bose, P. Morin, I. Stojmenovic, and J. Urrutia, "Routing with guaranteed delivery in ad hoc wireless networks,"
Wireless Networks, vol. 7, no. 6, pp. 609-616, 2001.

[4 Y. B. Ko and N. H. Vaidya, "Location-aided routing (LAR) in mobile adhoc networks,"in Proc. ACM/IEEE
International Conference on Mobile Computing and Networking (MobiCom), Dallas, TX, Oct. 1998, pp. 66-75.

[5] F. Kuhn, R. Wattenhofer, and A. Zollinger, "Asymptotically optimal geometric mobile ad-hoc routing,"in Proc. ACM
International Workshop on Discrete Algorithms and Methods for Mobile Computing and Communications (Dial-M),
Atlanta, GA, Sep. 2002, pp. 24-33.

[6] Q. Fang, J. Gao, und L. J. Guibas, "Locating and bypassing routing holes in sensor networks". In Proc. of INFOCOM
2004, vol4, March 2004 pp.2458-2468

[71 N. Ahmed, S. S. Kanhere and S. Jha, "The Holes Problem in Wireless. Sensor Networks: A Survey,” ACM
SIGMOBILE Mobile Computing. and Communications Review, vol. 9, pp. 4 - 18, 2005.

[8] E. Kranakis, H. Singh, and J. Urrutia. Compass routing on geometric networks. In Proceedings of the 11th Canadian
Conference on Computational Geometry (CCCG'99), 1999.

[9] P. Bose, P. Morin, L. Stojmenovic, and J. Urrutia, "Routing with guaranteed delivery in ad hoc wireless networks,"in
Proc. of the 3rd International Workshop on Discrete Algorithms and Methods for Mobile Computing and
Communications, pp. 48-55, 1999.

[10] FC. Yu, E. Lee, Y.Choi, S. Park, D. Lee, Y. Tian, and S. Kim, "A Modeling for Hole Problem in Wireless Sensor
Networks,"In Proc. of the IWCMC'07, August 12-16, 2007, Honolulu, Hawaii, USA.

129



