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managementsolutionsoron-boardentertainmentapplications

arealsoexpectedbythedifferentbodiesinvolvedinthis�eld

(C2CCC[2],VII[3],CALM[4]).

WhenequippedwithWAVEcommunicationdevices,cars

androadsideunitsformahighlydynamicnetworkcalled

VehicularAdHocNetwork(VANET).Whilesomesafety

VANETisasreasonableastheavailabilityofGPSdevices.

InLochert et al.’s GPCR [24], packets are simply forwarded
on successive adjacent roads in the recovery mode until a new
node bringing progress is found. However, critical decisions
on the next direction to follow need to be made by vehicles
located at intersections

1, as it is the only place where the
general direction of the recovery mode on urban maps may be

1Vehicles located at intersections will be thereafter called “junction nodes.”
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Fig. 3. Routing with GPCR and the critical junction node (coordinator);
circle 1 indicates case 1 and circle 2 indicates case 2.

be the next hop.

B. Greedy Perimeter Coordinator Routing algorithm

Greedy Perimeter Coordinator Routing algorithm (GPCR)
is an enhancement of the GPSR protocol. It is also based
on the fact that streets and junctions naturally form a planar
graph and thus does not require any planarization algorithm.
Moreover, GPCR does not need an urban map. As GPSR,
it contains two phases: a restricted greedy forwarding and a
recovery phase. The restricted greedy forwarding part only
uses nodes on the same road segment as potential relays,
as building and other obstacles block radio signal between
adjacent road segments. An important point is that, since
junctions are the only places where routing decisions are made,
packet must always be sent to a node that is at a junction.
Forwarding a packet across a junction risks to bring GPCR
to a local maximum. At junctions, a greedy decision is also
made, and the neighboring node which brings the maximum
progress towards the destination is chosen. If a local maximum
is reached, the recovery mode is used.

When GPCR is in recovery mode, packets are backtracked
in a greedy fashion (i.e. bringing maximum progress) to a
junction node in order to �nd an alternate solution to return
to the greedy mode. At the junction node, the right-hand rule
is used to �nd the next road segment to forward the packets.

The major weak points of GPCR are threefold. First, junc-
tion nodes need to be determined and advertised, which might
bring some overhead to the protocol. Second, recognizing a
junction node, which is faulty in GPCR, is extremely crucial
to avoid local maximums and consequent hop reduction.
Third, even if the junction node detection algorithm is perfect,
forwarding to a node at a junction is often unnecessary and
counter-productive as most of junctions are not critical3. As
shown in Fig. 3, where the destination node isD1 and the
routing starts from A, if a packet faces a critical junction

3A critical junction is a junction which leads to a local maximum if the
greedy decision is maintained.

and that the protocol fails to provide a valid junction node,
GPCR will surely encounter a local maximum (see case 1
in Fig. 3). Moreover, when a packet does not face a critical
junction (the destination node isD2 in Fig. 3), routing to a
junction node is counter-productive as crossing the junction
to the relay bringing the maximum distance would have been
preferred (see case 2 in Fig. 3). In that perspective, it would
be better if the observation of a critical junction be made by
nodes before the junction. That is precisely what we propose
to do in this paper with GpsrJ+.

III. G PSRJ+

GpsrJ+ is a position-based routing protocol which consists
of two modes, yet using a special form of greedy forwarding.
As obstacles (e.g., buildings) block radio signals, packets may
only be greedily forwarded along road segments as close to
the destination as possible. Accordingly, the major directional
decisions are made at junctions. When packets reach a local
maximum, a point at which there is no node closer to the
destination, the node switches to GpsrJ+’s recovery mode.

In the recovery mode, packets are greedily backtracked
along the perimeter of roads. It is not necessary to backforward
in small steps through planarized links, �rst because the
general direction of the right-hand rule always results in
the opposite direction of where packets were going before
recovery, and second because the objective is to come back
as fast as possible to a junction. Unlike GPCR, where packets
must be sent to a junction node since junction nodes coordinate
the next forwarding direction, GpsrJ+ lets nodes that have
junction nodes as their neighbors predict on which road
segment its junction nodes would forward packets onto, and
thus may safely overpass them if not needed. The prediction
is based on the fact that the forwarding node knows all road
segments on which its junction neighbors have neighbors.
The road segment, on which neighbor nodes are, is extracted
from the urban map using the neighbor’s location. Finally,
nodes incorporate this information in the modi�ed beacon (see
Section III-B) and broadcast it to the forwarding node that
carries out the prediction.

If the resulting next hop is on a road segment that shares the
samex or y coordinate as the coordinates of forwarding node’s
junction neighbors, the forwarding node can simply forward
the packets to such a next hop and may save one hop. However,
if the resulting hop is on a road segment that does not share the
samex andy coordinates as coordinates of forwarding node’s
junction neighbors, the forwarding node’s next hop must be
its junction neighbor. In summary, GpsrJ+ further enhances
GPCR by taking fewer hops to the destination, while keeping
the same route traversal and the same high delivery ratio as
GPCR over GPSR.

A. Basic Assumptions

Before we describe GpsrJ+ formally, we make four assump-
tions. First, we assume a road segment to be an edge formed
by two points, intersecting or not. For example, in Fig. 4, two
edges that overlap each other form four segments with �ve
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Fig. 7. GpsrJ+ example; Node A will forward to Node C directly.

Returnnmax .
4) If the setP F contains a junction node, compute road

segment center and choose the one according to right-
hand rule with respect to the current node’s location.

5) If the road segment center does not have the samex and
y coordinates as coordinates ofnmax , forward to the
junction node.

6) Else, forward tonmax (save one hop).
The list omits computation ofL p and e0 which are the node
�rst entering the recovery mode and the �rst edge traversed
on the current face, respectively, in GPSR. Step 1 �nds the
neighbors that satisfy the right-hand rule with respect to the
line formed by the current and the previous node. In Step
2, we forward to the node with the maximum progress if
none of these potential forwards is a junction node. Based on
the aforementioned assumption of a map and de�nition of a
beacon, a node knows whether its neighbor is a junction node
or not simply by checking if itsx andy coordinates are within
a certain width from the center of a junction. If there is more
than one junction node, we randomly pick one. In Step 3, we
then compute the road segment that the next hop is on by the
right-hand rule from the junction node to each road segment’s
center. We pick the road segment center that satis�es the right-
hand rule �rst. In other words, we choose the the road segment
center such that it forms the smallest angle� 2 with the junction
node and� 2 is bigger than the angle� 1 formed by the current
node and the junction node (consistent to our implementation
of the right-hand rule describe in Section II-A). Road segment
centers can be computed by realizing the coordinates of the
road segment’s two ends from the map. If the road segment
center has the samex or y coordinate as coordinates of the
node with the maximum progress, forward to such a node,
otherwise, forward to the junction node.

In the case where there is no junction node, GpsrJ+
forwarding behavior is the same as GPCR’s. But in a city
environment where there are traf�c lights and roads with high
and low traf�c volume, the enhancement of GpsrJ+ can be
noticeable.

E. Special Cases

We need to take care of two special cases that are likely
to occur. The �rst case requires us to compare the distance
of L p (the location where the node �rst entered the perimeter
node; see [7] for details) and the furthest node. If the distance

of L p to the destination is greater than the distance of the
junction node to the destination, GpsrJ+ will forward to the
junction node; otherwise, it will forward to the furthest node.
The reason to forward to the junction node if the distance
of L p to the destination is greater than the distance of the
junction node to the destination is that when the packet arrives
at the junction node, it will switch to greedy mode as it makes
progress towards the destination. If the node can reach the
destination directly, it will cost us one hop to forward to the
furthest node.

Consider Fig. 8(a) where Node A tries to forward to Node
D. Node A hits a local maximum, switches to perimeter mode,
and forwards to Node B. Assume that Node B can hear Node
C and E; and Node C can hear Node D. At Node B, GpsrJ+
will forward to E. However, if the packet is forwarded to C,
Node C will switch to greedy mode because its distance to
Node D is smaller than the distance (L p) between Node A
and Node D. In order to save us one hop in this special case,
we will compare the distance between Node D and Node F
to the distance (L p) between Node D and Node A. If it is
smaller, Node F will be the next hop; otherwise, Node C will
be the next hop.

The second special case happens when a node’s radio range
covers more than one road segment (Fig. 8(b)). The furthest
node by the right-hand rule should not exceed such a road
segment. If it does, the current node is forwarding way too far.
The resulting path reversal will not yield the same traversal as
GPSR.

Consider the following example in Fig. 8(b). Node A hits
a local maximum as it tries to forward to D. It then switches
to the recovery mode and can either forward to its furthest
neighbor F or its junction node B. According to GpsrJ+, since
junction node B does not have neighbors on either of its two
vertical segments Road 1 and Road 2, it will forward to node
F. By forwarding to F, however, it misses the junction node C
and its next hop E. As a result, it generates a different path
traversal from GPCR.

The problem here is that GpsrJ+ considers A’s furthest node
F beyond A’s second closest junction node C (A’s �rst closest
junction node is B). At A, had GpsrJ+ considered the furthest
node from itself up to its second closest junction node, it would
have forwarded correctly to E. Therefore, the node with the
maximum progress should be up to and including the current
node’s second closest junction node. If the second closest node
does not exist, it is simply the furthest node.

A future work is to further optimize GpsrJ+ by consider-
ing junction nodes over more than one road segment. The
multiple-road segment prediction is very practical in an urban
environment where there are lots of branching roads from
the main road segment and these intersections that lead to
branching roads are all within the radio range of a forwarding
node. We summarize the major steps of GpsrJ+’s recovery
mode with consideration of these two special cases:

1) Find all potential forwarders,P F .
2) Compute the node with maximum progressnmax sub-

ject to the rule that it does not exceed the second unique






