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Abstract- We present a new approach for generating virtual
coordinates that produces usable coordinates quickly and im-
proves the routing performance of existing geographic routing
algorithms. Starting from a set of initial coordinates derived
from a set of elected perimeter nodes, Greedy Embedding Spring
Coordinates (GSpring) detects possible dead ends and uses a
modified spring relaxation algorithm to incrementally adjust
virtual coordinates to increase the convexity of voids in the virtual
routing topology. This reduces the probability that packets will
end up in dead ends during greedy forwarding. The coordinates
derived by GSpring achieve routing stretch that is up to 50%
lower than that for NoGeo, the best existing algorithm for de-
riving virtual Euclidean coordinates for geographic routing. For
realistic network topologies with obstacles, GSpring coordinates
achieves from between 10 to 15% better routing stretch than
actual physical coordinates.

I. INTRODUCTION

Geographic routing algorithms [2, 11, 14, 17, 18] are an at-
tractive alternative to traditional ad hoc routing algorithms [10,
27] for wireless networks because they scale better: the routing
state maintained per node is dependent only on local network
density and not network size [12].
Much of the work in recent years has been focused on

improving routing performance with successively more com-
plex and efficient algorithms [11, 14. 17. 18]. In this paper, we
demonstrate that we can further improve routing performance
by adjusting the routing coordinates. We present a new algo-
rithm,Greedy Embedding Spring Coordinates (GSpring), that
is able to achieve routing performance comparable to actual
physical coordinates for some classes of topologies and ex-
ceeds actual physical coordinates for realistic topologies with
obstacles. Our approach is applicable in many settings because
geographic location devices like GPS, Bat [8] and Cricket [28]
are not yet cost effective for ubiquitous deployment on large
wireless networks, and virtual coordinates are often employed
when location information is not available [29].

Existing geographic routing algorithms work as follows:
they first try to forward packets greedily, i.e., to the imme-
diate neighbor that is closest in geographic distance to the
destination: when a packet reaches a dead end, they then
switch to a forwarding mode that guarantees packet delivery,
e.g., face routing [I1, 14, 18] or tree traversal [17]. Geographic
routing algorithms tend to be most efficient when packets are
forwarded greedily as much as possible [33], since greedy
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(a) Physical topology (b) GSpring topology
Fig. 1. Transformation of U-shaped physical topology to flat "smile" virtual
topology by GSpring. The points represent the physical and virtual coordinates
of nodes respectively and the lines indicate the connectivity between nodes.

forwarding avoids switching to the costly guaranteed-delivery
forwarding mode.

Concave "voids" in the routing topology are bad for ge-
ographic routing since packets will tend to end up in the
concave dead ends. GSpring starts from a set of initial co-
ordinates, and uses a modified spring relaxation algorithm to
incrementally adjust virtual coordinates. The key idea is for
the nodes to detect situations that lead to dead ends during
greedy forwarding, and to have them adjust their coordinates
in such a way as to increase the convexity of existing voids
in the routing topology. This reduces the probability that
packets will end up in dead ends during greedy forwarding
and thereby improves the routing performance of existing
geographic routing algorithms.

GSpring uses a simple perimeter detection algorithm to
identify nodes at the edge at the network and uses this in-
formation to assign initial coordinates. Subsequently, GSpring
incrementally adjusts coordinates so that greedy forwarding
succeeds more frequently. For example, for the U-shaped net-
work shown in Fig. 1(a), packets forwarded greedily between
nodes at the two ends of the U will mostly end up in a dead
end and thereby have to be forwarded via face routing or tree
traversal. The shape of the resulting virtual routing topology
from running GSpring on the U-shaped network is a flat
"smile" topology as shown in Fig. 1(b). With this new virtual
routing topology, greedy forwarding will succeed almost all
the time.

While GSpring typically requires about a thousand iterations
for a 1,000-node network to converge, this is not an issue
in a practical setting since GSpring quickly derives a set
of coordinates that are relatively good and usable immedi-
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