
Power-Aware Localized Routing
in Wireless Networks

Ivan Stojmenovic and Xu Lin
IEEE TRANSACTIONS ON PARALLEL AND DISTRIBUTED SYSTEMS

NOVEMBER 2001



2

GOALS OF THIS PAPER

Design  routing protocols with the following 
properties:

1) Minimize energy required per routing task.
2) Loop-freedom.
3) Maximize the number of routing tasks that a network 

can perform. 
4) Minimize communication overhead.
5) Avoid memorizing past traffic or route.
6) Localized algorithms.
7) Single-path routing algorithms.
8) Maximize delivery rate.



3

OUTLINE

Introduction
Some properties of power adjusted 
transmissions
Power saving routing algorithms
Experiment results
Conclusions
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INTRODUCTION

Wireless networks are likely to be widely 
deployed in the near future because they greatly 
extend our ability to access information remotely.

We define a new power-cost metric based on the 
combination of both node's lifetime and distance-
based power metrics.
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INTRODUCTION(cont’d)

Power, cost, and power-cost localized routing algorithms 
decisions solely on the basis of location of their neighbors
and destination.
The power-aware routing algorithm attempts to minimize 
the total power needed to route a message between a 
source and a destination.
The cost-aware routing algorithm is aimed at extending 
the battery's worst-case lifetime at each node. 
The combined power-cost localized routing algorithm
attempts to minimize the total power needed and to avoid 
nodes with a short battery's remaining lifetime.
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SOME PROPERTIES OF POWER 
ADJUSTED TRANSMISSIONS

Power needed for the transmission and 
reception of a signal is:

u(d)=adα+c
where c is a constant factor, a is a physical 
related factor
For example, in RM-model[22], α=4, a=1, 
c=2*108
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SOME PROPERTIES OF POWER 
ADJUSTED TRANSMISSIONS(cont’d)

S A D

d
x d-x

Source Destination

Lemma 1. If d > (c/(a(1-21-α ))) 1/α, then there 
exists intermediate node A between source S and 
destination D so that the retransmission will save the 
energy. The greatest power saving is obtained when A is in 
the middle of SD.
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SOME PROPERTIES OF POWER 
ADJUSTED TRANSMISSIONS(cont’d)

S A D

d
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Source Destination

Z

Lemma 2. If d > (c/(a(1-21-α ))) 1/α, then the 
greatest power savings are obtained when the 
interval SD is divided into n > 1 equal 
subintervals, where n is the nearest integer to 
d(a(α -1)/c)1/α. The minimal power is then

dc(a(α -1)/c)1/α + da(a(α -1)/c)(1-α)/α
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SOME PROPERTIES OF POWER 
ADJUSTED TRANSMISSIONS(cont’d)

Theorem 1. Let d be the distance between the 
source and the destination. The power needed for 
direct transmission is u(d)=adα+c which is 
optimal if d ≦ (c/(a(1-21-α ))) 1/α. Otherwise, 
n -1 equally spaced nodes can be selected for 
retransmissions, where n = d(a(α-1 ))1/α

(rounded to the nearest integer), producing 
minimal power consumption of about
v(d)=dc(a(α -1)/c)1/α + da(a(α -1)/c)(1-α)/α
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POWER SAVING ROUTING 
ALGORITHMS

Note that a power metric is presented.
u(d)=adα+c

Dijkstra’s shortest (weighted) path 
algorithm and above theorem are also 
known.
Demand-based and single-path routing is 
considered.



11

POWER SAVING ROUTING 
ALGORITHMS (cont’d)

Several routing algorithms are proposed.
– SP-power algorithm
– Power efficient routing algorithm
– Cost efficient routing algorithm
– Power-cost efficient routing algorithm
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Power efficient routing algorithm
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The power needed for the transmission from S to Ai is 
u(ri)=ari

α+c.
The power needed for the transmission from Ai to D is 
estimated by 

v(si)=sic(a(α -1)/c)1/α + sia(a(α -1)/c)(1-α)/α
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Power efficient routing algorithm 
(cont’d)

Delivery node selection method:
– Each node S will select one of its neighbors A which 

will minimize
p(S, A) = u(ri)+v(si)
= ari

α+c+(sic(a(α -1)/c)1/α + sia(a(α -1)/c)(1-α)/α)

The authors make a fair assumption that the power 
consumption for the rest of routing algorithm is 
equal to the optimal one.
The assumption is unrealistic but it is fair to all 
nodes.
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Power efficient routing algorithm 
(cont’d)

A generalized power efficient routing algorithm may 
attempt to minimize p(S, A) = u(ri)+tv(si), where t is a 
network parameter.
Algorithm:

This algorithm induces the selection of the nearest path 
from source to the destination.(The same result can be obtained 
via Dijkstra’s shortest weighted path algorithm )
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Cost efficient routing algorithm

In [26], the cost of each node is equal to f(A)=1/g(A), 
where g(A) denotes the remaining lifetime (g(A) is 
normalized to be in the interval [0,1)). 

The cost c(A) of a route from S to D via neighboring node 
A is the sum of the cost f(A)=1/g(A) of node A and the 
estimated cost of route from A to D.

S A D
Source Destinationf(A)=1/g(A)

don’t care don’t care
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Cost efficient routing algorithm 
(cont’d)

What is the cost of other nodes on the 
remaining path? 
– We assume that this cost is proportional to the 

number of hops between A and D.
– The cost is estimated by td / R, where d =|AD|, 

R is the radius of transmission power, and t is 
to be investigated separately.
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Cost efficient routing algorithm 
(cont’d)

We have considered the following choices for 
factor t:
– t is a constant number, which may depend on network 

conditions. 
– t = f(A) (that is, assuming that remaining nodes have 

equal cost as A itself). 
– t = f’(A), where f’(A) is the average value of f(X) for 

A and all neighbors X of A. 
– t = 1/g’(A), where g’(A) is the average value of g(X) 

for A and all neighbors X of A.
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Cost efficient routing algorithm 
(cont’d)

The cost c(A) of a route from S to D via neighboring node 
A is estimated to be c(A) = f(A)+td/R (Authors suggest use 
of c(A) = f(A)td/R).

Algorithm:

This algorithm does not consider the power consumption 
of the distance from node to node.
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Power-cost efficient routing 
algorithm

We propose two different ways to combine power 
and cost metrics into a single power-cost metric, 
based on the product and sum of two metrics, 
respectively.

Product: power-cost(S,A) = f(A)u(r) (where |SA| = r)

Sum: power-cost(S,A) =αu(r)+βf (A)
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Power-cost efficient routing 
algorithm(cont’d)

The power-cost efficient routing algorithm may be 
described as follows: Let A be the neighbor of B (node 
currently holding the message) that minimizes

pc(B,A) = power-cost(B,A)+v(s)f’(A)
Algorithm:
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PERFORMANCE EVALUATION

Static unit graphs is used.
Routing zones are in the different size 
of the square of 10, 100, 200, 500, 1000, 
2000, 5000 units.
High connectivity environment in which 
every node has a average degree 10.



22

PERFORMANCE EVALUATION OF POWER
EFFICIENT ROUTING ALGORITHM
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PERFORMANCE EVALUATION OF COST AND 
POWER-COST EFFICIENT ROUTING ALGORITHMS

•Each node is assigned an energy level at random in the interval [minpow, 
maxpow]

[80K,90K] [200K,300K] [500K,1M] [750K,1.5M] [3M,4M] [8M,10M] [30M,40M]
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PERFORMANCE EVALUATION OF COST AND 
POWER-COST EFFICIENT ROUTING 

ALGORITHMS(cont’d)
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CONCLUSIONS

This paper described several localized routing algorithms 
that try to minimize the total energy per packet and/or 
lifetime of each node.
The algorithms must have the information about the 
location of the destination.
QoS routing should be combined with power-cost aware 
routing.
Routing failure is not discussed in this paper.
There are lots of parameters in the paper can be discussed.
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