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Abstract. Aerial robots are autonomous agents that are capable to fly autonomous and execute extended tasks
with a significant degree of autonomy. A special kind of these robots are the airships or blimps. This work shows
the applicability of an airship with capabilities and ability to act individually and sensing environmental data.
We also describe a generic software architecture for developing and running in arobotic airship system.
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1. Introduction

In Remote Sensing, a device to detect te eectro-magnetic radiation reflected or emitted from
an object is cdled a remote sensor or amply sensor. A vehicle to carry the sensor is caled a
plaform. Typicd plaforms ae sadlite and arcraft, but they can dso incdude radio-
controlled airplanes, balloons, kites for low dtitude remote sensng, as well ladder trucks for
ground invedtigations (Lillesand and Kiefer, 1994). The key factors in the sdecting a
plaform ae the dtitude, which determines the ground resolution of the sensor, and the
misson gods.

An eassy and low cost solution for a useful remote sensng plaform is autonomous
dirigibles. They exhibit a number of characteridics that separate them from other types of
aerid sendng plaforms. They require less power to reman doft than arplanes and
helicopters. They are safer to operate, a fact that is especidly important for operation a low
dtitudes and with low velocity. They are be able to hover above an region, with low noise, at
low turbulence, and very low vibration, making them ided platforms for senang operations
such as amospheric paticle matter measurements, land use survey, and environment
surveillance. Airships can collected data describing the extent of a forest area and could be
used to develop effective goraying programs to control deforestation and burning process.
Ancther typica application is in regions difficult to access and with limitated logistic support,
like wetlands. Wetlands are difficult to monitor because they are often inaccessble from the
ground. Airships could ddineate wetlands from nonwetlands and could track wetland hedlth
(Kantor, 2000).

This work describes our robotic airship project, a remote sensng platform with autonomy
to navigate, decide and perform tasks that are difficult for other platforms to do, with less
noise, less vibration and alow cost.

2. Related Works

Recent advances in autonomous robotic systems have fostered interest in robotic airships. The
goplicability of these vehides in environment survellance, monitoring forest resources,
search and rescue are shown in Elfes et d (1998) where the AURORA Project (Autonomous
Unmanned Remote monitoring Robotic Airship Project) is described. The components of an
ar-ground robotic ensemble composed of one or more arship with one or more ground robot
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are shown in Elfes et d (1999). Azinhera (2002) show recent advances in the AURORA
Project describing a control and automatic hovering using image-based visud servoing with
the robotic arship. More recently, Lacroix (2000) presents the current Satus of the
development of LAAS/CNRS autonomous blimp. The use of solar energy as a renewable
source of power for airshipsis discussed in Kantor (2001).

3. System Configuration

We designed an experimentd indoor airship as proof of concept for vison based navigation
(Figure 1). An adequatedly Szed vehicle (10m long) would be able to carry environmenta
sensors safely and accurately through airgpace of interest. The airship will be able to operate
over an extended period of time, dlowing it to collect data over large geographica areas or
large volumes of argpace. It is composed of a balloon, a gondola and a remote controller. The
gondola is a rigid sructure attached to the bottom of the baloon. It contains the motor
controllers, a microprocessor, a radio recever and the two thrusters for propulson in the
horizontal and verticad planes. Additiondly, a CCD camera with a video link was mounted on
the gondola, as shown in Figure 2.
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Figure 1 — The experimenta arship Figure 2 — The gondola and the CCD camera

The robot is desgned as a modular system, divided in two mgors parts. the onboard
sysgem and the ground system (Figure 3). The onboard system acquires images and sensor
data to sent it for the ground system. The ground system receives images and sensors data
These data are transformed in control signals that are sent back to the robot by aradio link.
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Figure 3 — System overview Figure 4 — Robotic software architecture
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The flight control is based on drategies dlowing the arship to peform five flight phases
takeoff, longitudinad trandtion, Steedy laierd navigetion, deady longitudind navigation and
landing. The control draegy involves successvely laterd and longitudind control. The
longitudina contral is based on aflight plan.

The robotic software architecture used in the project can be characterized as generic
multi-layered architecture based in Gat (1998), as shown in Figure 4. Conceptudly, the
architecture can be viewed as conssting of three separate layers, each containing a collection
of asynchronous computationd processes. The ddiberative layer is the higher leved tha
include capabilities for producing tasks plan and supervisng its execution, it contans a
collection of high level services such as planners, trgectory planners, predictors, reports, and
chronicle recognition packages. The executive layer contains a library of reactive programs, it
controls and coordinates the execution of the functions and tasks that can be viewed as an
augmented automaton which have locd dae and the &bility to open chands of
communication to other layers or pats of the architecture. The executive layer cdls the
ddiberative layer sarvices when its own packages cannot achieve misson gods
independently. The control layer is responsible for the concurrent computation of feedback
control loops tightly coupling sensng with actuation. In this last layer camera and sensor
control processing reside.

4. Final Remarks

The development of robotic aerid vehides will ultimately dlow the acquistion of aerid-
gathered and georeferencing information in such manner as to give the &bility to choose the
gpatia and time resolution of the data to be acquired, to define geographical locdizations, ad
to select gppropriate sensorid systems, while doing so a more readily affordable costs.

Autonomous arships show potentid as environmentd sensng plaforms, however a
number of technicad chdlenges will have to be met before they may become fully operationd.
Numerous practica chalenges arise due to the limited payload of the arship. Some important
enhancement will be made in future works. Our future efforts will include research toward
developing the georeferencing and podtioning module, usudly facilitated by a integration of
GPS (Globd Pogtion System) in differentid mode and a INS (Inertid Navigation System) to
providing high-accuracy position and information of sensor acquidtion events.
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