Geographic Routing without Location Information

Age Matters : Efficient Route Discovery using Ages

Presenter : Chun Zhang

Red Team :
Daniel Figueiredo, Huan Li, Vicky Manfredi



Geographic Routing without Location
Information

Ananth Rao et al.
Mobicom 2003

Based on :Pradeep Kyasanur, Sylvia Ratnasamy’s slides



Routing in Wireless Networks

s Distance vector
= DSDV

» On-demand

= DSR, TORA, AODV
= Discovers and caches routes on demand

= Geographic
= GPSR - scales very well



Why use geographic routing?

= Domain is large, dense networks, many
host pairs communicate

= Automatic location aggregation

= Except geographic routing, all other
approaches require O(N) state per node

= Routing by coordinates is a good way to
avoid O(N) per-node routing state



Geographic routing overview

= Each node forwards packet to a node
closer to destination than itself

s Protocols: GPSR, GOAFR+

= Location service needed to map node to
location - GLS



Why geographic routing without
location information?

= GPS takes power, difficult to incorporate in
small sensors

s Obstacles, non-ideal radios, doesn’t work
Indoors

= Virtual coordinates may reflect true
connectivity and not the geographic locations
of the nodes



Obstruction

Example

"Ais further to D in
physical space than S. So,
S does not send packet to
A

"A is closer to D in virtual
space than S. So, S sends
packet to A

=Using true co-ordinates,
connectivity information is
not captured (when
greedy routing is used)



Key issues

= Choosing virtual coordinates for nodes

= Greedy routing
= Proceed closer to destination at each hop
= "Addresses” of nodes keep changing as
they move

= Need a lookup service for the current
location of a node

= Can be done using Distributed Hash Table



Outline

s Perimeter nodes and their locations are
known

s Perimeter nodes are known but their
locations are not known

= Nothing is known about the perimeter
= Dealing with Mobility



Rubber Band Method

= Iterative process for picking coordinates for a
node

= Some nodes along the periphery of the
network know their correct locations and are
fixed

= Other nodes compute coordinates by
relaxation

= Assume that nodes are connected by rubber bands
and slowly converge to the equilibrium



Rubber Bands

Every node’s
coordinate is
the average
of its
neighbors
coordinates
at each step
in the
iteration




A Topology of Sensor Network
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Perimeter nodes are known (10
iterations)

-25'} I I I I

all hcu:les =
perimeter nodes |

200 H B B B B E N E B EEEEEEEDE .
[ | [
| [
| [

150 | | | .
| [
| [
| [

100 | | | -
| [
| [
[ | [

50 | | -
| [
| [
| [

a H B B B B E N E B EEEEEEEDE .
=50 | | | | |

=50 0

50 100 150 200 250



Perimeter nodes are known (100
iterations)
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Rubber Bands (implementation and
overhead)

= Need a periodic heartbeat between
neighbors so each node can maintain a
list of its neighbors

= Send the current position of the node
along with the heartbeat packet

= Each time a heartbeat packet is
received, recompute the coordinate



Rubber band approach — Using
only some perimeter nodes
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Rubber band — projecting on
circle
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Weird Shapes
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Outline

s Perimeter nodes and their locations are
known

s Perimeter nodes are known but their
locations are not known

= Nothing is known about the perimeter
= Dealing with Mobility



Balls and Springs method

oA useful technique to get
fairly accurate positions for
a bunch of beacons given
all the inter-beacon
distances (in number of
hops)

esAssume that they are
connected by springs of
length proportional to the
number of hops




Detalls

= Stage 1: Each perimeter node
broadcasts a Hello packet

= Stage 2: Build a perimeter vector and
broadcast it back

= Stage 3: Use a triangulation algorithm to
compute coordinates of other perimeter
nodes



Detalls

= Interior nodes can hear HELLO packets
from perimeter nodes

= This information is used to select
appropriate initial coordinates

= With this optimization, convergence time
drastically reduces



Improving resiliency

= If perimeter vector is inaccurate, it
results in inconsistent information

= Augment with two beaconing nodes
which provide two coordinate axes
= Origin is chosen as the center of gravity

of all nodes
= More robust to lost information



Outline

s Perimeter nodes and their locations are
known

s Perimeter nodes are known but their
locations are not known

= Nothing is known about the perimeter
= Dealing with Mobility



Perimeter node detection

Rule: A node is a perimeter node if:

It is farthest away from the first beacon
node among all its one-hop neighbors

s |naccuracies arise when there are voids
In network topology



Perimeter node detection




Outline

s Perimeter nodes and their locations are
known

s Perimeter nodes are known but their
locations are not known

= Nothing is known about the perimeter
= Dealing with Mobility



Dealing with mobillity

= Beacon node periodically broadcasts
beacons

= Perimeter nodes can be recomputed

= To keep coordinate axes/space fixed,
after first computation, perimeter
coordinates is projected on a circle



Projecting on circle

ePrevents continual
shrinkage of the
virtual geometry

eMake it easier to
implement a DHT

eSteady state
overhead is
independent of the
size of the network




Recap of the Algorithm

= Bootstrap phase
= Bootstrap node floods

= Perimeter nodes flood (O(sqrt(N))
overhead, very low constant)

= Balls and Springs done at each node to fix
perimeter nodes



Recap of the Algorithm

= Steady state
= Rubber bands

= Some designated node floods periodically

= Need a leader election protocol to deal with
failure of this bootstrap node

= Overhead doesn’t depend on N



Results

= Event driven packet level simulator

= Doesn’t model application traffic or
collisions

= Scales to 3200 nodes with packet
events and 128000 nodes without
events

= 3200 nodes distributed randomly in a
200x200 square. Radio range is 8,
density is held constant while scaling up



Success rate of greedy routing
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Success Rate of Greedy Routing
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Summary of results

= Geographic routing is useful even
without location information

= Coordinates reflect the true underlying
radio connectivity

= Ad-hoc routing can easily scale to tens
of thousands of nodes with acceptable
overhead



Like and Dislike

s Like

|dea of virtual coordinates
Impressive results (virtual better than real)

= Dislike

Artificial beacon nodes (used to identify perimeter
nodes)

Simulations, no real experiments
Higher moments of metrics

Any other way to generate virtual coordinates other
than mean?

Evaluation of the overhead
Slow convergence for high mobility



Thank you!
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