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ABSTRACT
Communication in Wireless Sensor Networks (WSN) is a
big issue. Designing an energy-efficient networking stack
requires expertise, as the programmer must carefully design
each layer of the stack and their interactions. This paper
describes our on-going research on networking stack cus-
tomization for WSN. We present an architecture which aims
at simplifying the process of building an application by pro-
viding an energy-efficient and application-specific protocol
stack.

1. INTRODUCTION
A Wireless Sensor Network (WSN) is a set of tiny au-

tonomous objects with limited resources which cooperate in
order to perform a common task. Once deployed, these sen-
sors need no infrastructure to maintain the network: they are
self-organized. WSNs cover a wide range of applications:
from intrusion detection in a military field to bird observa-
tion or health monitoring [1]. In order to perform these tasks,
communication between nodes is mandatory. When design-
ing the application, the programmer cannot only concentrate
on the application behavior. They also have to develop a
protocol stack, which will handle all the communications be-
tween nodes. Communication interfaces, such as send() or
receive() are implemented in this networking stack. As the
communication unit is the most energy consuming compo-
nent of a sensor, the network stack has to be carefully design
in order to use it as seldom as possible.

We propose a programming model i.e., a model that eases
wireless sensor network application design by allowing the
developper to focus only on how the application acts.

This paper is organized as follows. The next Section dis-
cusses related work. In Section 3 we outline our solution
and give the architecture overview. In the last section, we
conclude and discuss future work.

2. RELATED WORK
Offering an easier way of programming sensor networks

is a very active research area. A survey of programming
models for sensor networks can be found in [5]. The au-
thors of [4] propose an application development framework
(ADF) for programming sensors. A programming model,

a program representation, a template of the runtime system
and a compiler are provided in order to translate the appli-
cation behavior into a program for sensors. Yet, the ADF
does not customize the network stack to the application. It
offers ways of optimizing the protocol stack by for instance
changing the MAC protocol, but it is neither automatically
done nor application specific.

A framework for modeling sensor networks is proposed
in [3]. It is based on an ontology to describe general features
of the network such as topology, network setting, hardware,
and data flow. Each protocol is assigned a score for each
feature (1,0,−1 for favorable, neutral or unfavorable behav-
ior). The protocol with the highest score is chosen. The
problem is that this protocol does not always fit the network
features. A protocol that requires location-awareness can be
chosen even if it is not available in the network. The au-
thors propose to modify the protocol to incorporate the miss-
ing mechanisms. Besides, the score assigned to protocols is
rather subjective.

We propose a protocol choice based on their analytical
analysis of their energy consumption. To make sure that the
chosen protocols meet the requirements of the network we
use a constructive approach i.e., a protocol is chosen only
if all the features it requires are provided by the network or
by another protocol. For this purpose we first need to model
protocols so that the cost functions can be easily deduced
when given the topology model.

3. ARCHITECTURE OVERVIEW
The architecture (Figure 1) consists of a set of protocol

cost functions, an application model and the hardware spec-
ification. With these components the selection engine can
generate the set of protocols that will be implemented in the
protocol stack.

Application model.
The application model describes the behavior of the appli-

cation at the node level. In order to enable the programmer
to describe the application we use an API (Application Pro-
gramming Interface) written in Java. From this description
we can characterize the packet traffic model.
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Hardware specification.
The hardware specification depicts the characteristics of

the sensors used in the network. It gives the energy con-
sumption of a node for the different operations it can achieve.
For instance, it should specify the amount of energy used for
sending one bit or one packet, when in idle and active modes,
or when switching the radio on.
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Figure 1: System Architecture

Protocol cost functions.
The protocol cost functions indicates how much energy is

spent while using a protocol. It takes into account the topol-
ogy control cost, the energy spent to send a unit of data (bit,
byte, packet, etc... according to the unit used by the proto-
col). For instance the cost of a routing protocol which main-
tains route tables is composed of the costs of maintaining
these tables and of sending messages.
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Figure 2: Protocol cost functions

Protocol cost functions are obtained thanks to the protocol
model and the topology model as shown on Figure 2. The
protocol model describes the protocol model using a specific
description language. The topology model represents the
layout of the network using density functions which gives,
for example, the size of the one hop neighborhood (number
of neighbors of a node).

Generation of the customized protocol stack.
The customized protocol stack is represented by a set of

Java classes which has been selected by the engine. These
classes implement the API given to the programmer. We use
the Java-In-The-Small (JITS) framework [2] in order to gen-
erate the embedded system including communication stack.
JITS is a framework which aims at allowing the easy deploy-
ment of standard Java applications on small devices (e.g.,
smartcards or motes) with hardware constraints (memory,
CPU, energy, etc.).

4. CONCLUSION AND FUTURE WORK
In this paper we described a possible architecture for a

programming environment for WSN. This environment al-
lows the programmer to only focus on the application behav-
ior while having an energy-efficient networking stack. The
protocols to be implemented in this stack are chosen accord-
ing to their energy consumption cost. The API for the ap-
plication model has already been designed. We are currently
working on the protocol cost functions. We will also test the
API and the general architecture on various test applications.
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