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Abstract
Measuring low-level wireless network properties allows re-
searchers to understand how protocols and applications per-
form in different environments. In this demo, we present
SWAT – a software tool that automates gathering and anal-
ysis of network measurements. SWAT provides an inter-
face for configuring experimental parameters in a network.
It collects raw packet statistics such as the received signal
strength and chip error, and provides modules for calculating
and visualizing various metrics derived from these statistics.

Categories and Subject Descriptors: C.4 [Performance
of Systems]:Measurement techniques C.2.1 [Network Archi-
tecture and Design]:Wireless communications

General Terms: Experimentation, Measurement, Perfor-
mance.

Keywords: 802.15.4, 802.11, Wireless measurements, Net-
work Metrics.

1. INTRODUCTION
Measuring wireless network performance in terms of high-

level metrics such as end-to-end throughput, delivery ratio,
and latency is common practice. Yet, when deploying a pro-
tocol, it is difficult to understand exactly what aspects of
the network were responsible for the observed performance.
Therefore, it is increasingly important to report lower level
metrics such as temporal variations in packet delivery [2, 6]
and correlation of network attributes over space [4]. Knowl-
edge of the underlying dynamics of the environment can give
insight into why a protocol worked as expected or did not
work at all, as well as guide future protocol designs.

Researchers have identified low-level metrics that aid the
understanding of network dynamics [7, 3, 5, 6]. However,
there is no unified tool that runs experiments, gathers data
and reports such metrics for an arbitrary network. The Stan-
ford Wireless Analysis Tool (SWAT) provides these capabil-
ities to the wireless community.

2. SWAT
SWAT allows researchers to gather network data, distill

the data into relevant metrics, and display the results.
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2.1 Description
Figure 1 presents the main structure of SWAT. Each com-

ponent has a dedicated purpose and the interfaces between
components give the flexibility of swapping out or adding
new modules.

Users specify the experimental parameters through a con-
figuration UI. These parameters define the settings for which
packet and link data will be collected. They include link-
layer type (802.15.4/802.11), node list, number of packets,
inter-packet interval, type of transmission i.e. broadcast or
unicast, CSMA on/off, channel, transmission power, link
layer acknowledgements on/off, link layer retransmissions
on/off (for unicasts), maximum retransmission count, bit
rate (for 802.11), noise sampling on/off, sampling rate and
number of samples.

SWAT uses the appropriate interface to program the nodes,
to send commands and to receive packet statistics through
a wired or wireless back-channel. SWAT stores the collected
data into a database using an SQL server. The reporting UI
component allows users to specify which of the supported
metrics they would like to calculate from the stored data.
SWAT creates reports that consist of the experimental pa-
rameters, computed metrics and pertinent figures.

Current SWAT metrics include packet delivery temporal
and spatial correlations, noise floor distribution, received
signal strength to reception ratio correlation, link asymme-
tries, and reception ratio over time.

2.2 Implementation
SWAT is an open-source, platform-independent tool. The

user interface portions are written in HTML and PHP, and
the communication interface to the wireless sensor network
uses Python. Platform-specific code that runs on the sensor
motes is written in nesC, an extension to the C programming
language for TinyOS. In the future, SWAT will also support
802.11 networks.

We use mySQL to create the database, making it easy
to execute custom queries. The computation intensive com-
ponent of SWAT is the metric calculation. It consists of a
number of python programs, each responsible for computing
one metric. SWAT is extensible so users can write their own
python modules.

3. DISCUSSION
SWAT provides a framework for measuring and reporting

network properties. This allows researchers to comprehend
protocol performance in a specific network context and en-
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Figure 1: SWAT provides components for programming wireless nodes, collecting and storing raw packet
data, computing network metrics, and generating reports. The modular structure allows users to extend
SWAT’s capabilities.
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Figure 2: Complimentary cumulative distribution of
β. The experiment consisted of 100,000 broadcast
transmissions from each node with different inter-
packet intervals (IPI) on channel 26.

ables meaningful comparison of protocol performance across
different environments.

For example, Figure 2 presents the complimentary cumu-
lative distribution of β [6], a temporal correlation measure
generated using SWAT on an 802.15.4 testbed. Most of the
links on the testbed have temporally correlated delivery. In
prior work, we used this information to increase the effi-
ciency of Collection Tree Protocol (CTP) [6]. This example
illustrates how SWAT metrics can lead to protocol improve-
ments. Knowledge of low-level network characteristics can
also help understand testbed and real-world performance
discrepancies. In addition, SWAT measurements will ensure
a common basis for comparing protocols.

SWAT will allow researchers to identify new metrics that
may be relevant to specific protocols and to easily share
low level measurements on community databases such as
CRAWDAD [1]. We envision that empirically measured
SWAT metrics will be used as simulation parameters to en-
able test repeatability.

In the demonstration, we will show how SWAT can be
used to configure experiments in a 4-node ad-hoc sensor net-
work. To show the full capabilities of the metric calculation

and reporting components, we will use a larger dataset col-
lected prior to the demo.
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