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Scenario

« A multi hop wireless sensor network with N source nodes, 1
sink and time varying channels (due to mobility, fading etc)

 Each node maintains a queue for storing data to be
forwarded to the sink over multiple hops

 Time is slotted. Routing and Power allocation decision taken
every time slot

o Transmission rates over all links determined by the power
allocation matrix P(t) and current channel state S(t), subject
to a maximum power constraint at each node

« Goal of controller: Stabilize the system and maintain low
delays
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* Network Capacity Region: Set of all input

rate matrices that the

system can stably support with some routing and power allocation

policy (existence shown in [1])

- Input data rates outside this cannot
(see [1])

be supported by any policy

« Stability: Bounded average queue occupancy
 Rate Power Curve: Relates transmission rate to the power allocation

and channel state
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* [1] presents a dynamic power control and routing scheme that
requires no knowledge of arrival rates or channel model, yet
supports the data rates with bounded delays

» Uses gueue backlog information to make routing and power
allocation decisions

* Result from [1]: DRPC supports the input rates (as long as they
are within of the capacity region) and yields average bit
occupancies that satisfy
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» Uses a Lyapunov Drift technigue to obtain this result

[1] M. J. Neely, E. Modiano, and C. E. Rohrs, “Dynamic Power Allocation and Routing for Time Varying Wireless
Networks’, IEEE Journa on Selected Areas in Communications, Specia Issue on Wireless Ad-Hoc Networks, vol.
23, no. 1, pp. 89-103, Jan. 2005
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« At low data rates, queue backlog information can be misleading

 Enhanced DRPC: Take hop-count metric into account as well in
calculating the differential backlogs

* Improve performance of DRPC at low data rates while maintaining its
advantages at high data rates

o Simulation Setup: A simple 100 source — 1 sink sensor network
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Attractive features of EDRPC:
 |n a sensor network, nodes
need to maintain queue
backlog information about A
only one commodity I U U }{

e This scheme is distributed S '
and fault tolerant A
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Bottleneck links have same capacity Bottleneck links have different capacity
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Simulation result for scenarios where nodes cause interference
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Implementation on Berkeley Motes

Microprocessor: Atmel ATmegal28L
— 16 Mhz 8-bit CPU
— 4KB RAM
— 128 KB Flash

Radio: Chipcon CC1000
— 38.4 kbauds/s — FSK
— 868/916 - 433 -315 MHz

Sensor board: temp, light, sound,
accelerometers, magnetometers

TinyOS: Lightweight event driven
Operating System for motes

Programmed using NesC

Highly Constrained
resources: processing,
storage, bandwidth, power

MICA 2 Mote (Berkeley)



Preliminary Results

Simple Network of 2 source nodes,
2 relay nodes and 1 sink
TDMA based scheme

Relay nodes periodically broadcast
gueue backlog

Source nodes select forwarding relay
node using queue backlog

» Observation: Backlog aware scheme can support higher
data rates than fixed Shortest Path based routing scheme



Future Work

 Implement DRPC as a routing protocol for wireless

sensor networks

* Power control in addition to dynamic routing
* Experimental evaluation on more realistic network setup
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