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ABSTRACT

We demonstrate low-power IP-based sensor networks by sowi
a system that interacts with the sensor network using a RESTf
web service interface. The sensor data is displayed withaide
3D graphics on top of a live camera feed, so-called augmeaweted
ality. The augmented reality application is built with éffe-shelf
components with no sensor network-specific code. The lRebas
sensor network runs the Contiki operating system.

Categories and Subject Descriptors

C.2.2 Network Protocols]: Protocol architecture

General Terms
Experimentation, Measurement, Performance

1. INTRODUCTION

Traditional sensor network deployments have consistedaf i
lated and homogeneous networks of sensors that periodieall
port their data to a sink. Although these networks have wabrke
well in the past, a new set of emerging applications havesasing
demands for integration with existing network infrastures, in-
teroperability with existing applications, and heterogjgnin both
hardware, software, and communication technologies. alseth
sensor networks, first demonstrated by the Contiki opeyatys-
tem, have recently become popular as a way to mitigate ttrebe p
lems, but existing work has so far focused on specific link lay
ers [3], on specific layers of the network stack [1, 2], or oacsfic
application layer protocols on top of the stack [5, 6].

In this demonstration, we show how applications can be built
on top of low-power IP-based sensor networks. Our demonstra
tion consists of an augmented reality application thatldispsen-
sor data, overlayed on top of a camera feed of the sensdt, ésel

Figure 1. Sensor data is displayed overlaid over the sensor
itself, as captured from the live camera feed. Sensor data is
queried from the low-power |P sensor network using a REST-
ful web service architecture.

The system used automatic service discovery based on the IP
service discovery protocol SLP. The services offered by ean-
sor node is displayed in the augmented reality feed showmen t
screen.

Our demonstration is the first to show a web service-based low
power IP sensor networks with an interactive applicatiaming
on top of it. The demonstration demonstrates our IP-basesbse
network system architecture running on top of the Contilérap-
ing system.

The system architecture for IP-based sensor networks et
pins the demo provides best-effort data collection, rédiaream
transfer, and service discovery, while being interoperaith ex-
isting network infrastructures and applications. Our #etture is
not tied to any specific low-power radio technology, but came
municate across heterogeneous systems. To maintain Figxiibie
architecture uses strict layering.

The architecture uses the protocols in the IP protocol stask

shown in Figure 1. We use a PC screen to show the augmented re-shown in Figure 2: IPv6, UDP, TCP, as well as standard applica

ality, but future applications could use a smartphone sichra

tion protocols such as HTTP. Seamless network bridging ésl us

iPhone to both capture the camera feed and to display the aug-to make the sensor network part of the IPv6 network [4]. With

mented reality image.
The application is built with off-the-shelf software cormemts,
with no sensor network-specific code. Sensor data is celleas-

ing a RESTful web service architecture, where a web server on

each mote serves sensor data to the application. The applica
uses a standard RESTful web service library to communicite w
the sensors in the sensor network.
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our demo, we challenge the view that these protocols aredaayh
weight for resource-constrained sensor networks. We dstraie
that the performance is enough for building interactivdiapfions.

2. AN ARCHITECTURE FOR IP-BASED
SENSOR NETWORKS

The aim of our architecture is to provide an interoperablé an
efficient system architecture for the emerging applicatiofwire-
less sensor networks. Our architecture builds on the ésielol 1P
protocol stack, but with a number of optimizations thatwallow-
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Figure 2. Being based on IP, our architecture supports mul-
tiple link layers. With seamless network bridging, the sensor

networks become a natural part of the | P network. Figure 3: The completion times of RESTful web service calls

on a Tmote Sky iswell below one second.

power operation with a performance in terms of throughput an
latency that is on par with that of existing sensor-netwquécific
protocols.

Our architecture is designed around six principles:

On top of the TCP-based reliable one-to-one data delivery-pr
itive, we build a REST-based web service layer. This layer ca
be directly connected to REST-based IT systems such apester
database systems, but can also be easily interfaced to sifter
Ease of integration. Our system is based on the notion that sensor ware systems. For this demo, we use off-the-shelf compertent

networks should be easy to integrate with existing network communicate with the REST-based web server running dyrect|
infrastructures. The sensor network should be seen as a nat-each mote.

ural part of the existing network, not as an isolated add-on.
3. PERFORMANCE AND CONCLUSIONS

L everage existing tools. Sensor networks should not require spe- o ) )
The completion time of a set of different web service recuiest

cial software toolsets to be usable. Ideally, existing daad s X

or de facto standard tools should be used when interacting &€ Shown in Figure 3. The results were obtained through mea-

with the sensor network. surements from a Tmote Sky mote, running the low-power MAC
protocol X-MAC [6].

Layering. Layering is an established principle for computer com- ~ Our demonstration shows the power of low-power IP-based sen
munication systems. Although layering was initially per- sor networks by demonstrating an interactive applicateretbped
ceived inefficient for sensor networks, recent work has show  With off-the-shelf software and no sensor network-specifide.
that layering does not necessarily affect performance-nega
tively. We use the established principles of layering to-pro Acknowlajgments
vide a system that is both efficient and flexible. By defining
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