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Abstract: Several air dispersion models are availableHerpgrediction and simulation of the hazard areasdated with accidental releases
of toxic gases. The estimation of the source texrroricial for the model result and often affectgdarge uncertainties in the case of an
emergency: the size and location of the leak dfiedlt to determine and the amount of the releasieeimical is usually unknown. In these
cases, an estimation of the source term basedsomasions is needed. A possibility to reduce thesgertainties in emergency response
modelling is the estimation of the release rata¢kscalculation”) based on real-time chemical measents (whenever available). A few
dispersion models for hazardous gas releases leereddapted to incorporate real-time chemical nmeasnts and have been tested with
in-situ data from field experiments. In the franfean ongoing research project SkyObserver, theilityatif airborne measurements from a
group of sensor equipped micro-aerial vehicles (MAW provide real-time data for release rate estton is investigated. A modelled first-
guess of the hazardous gas dispersion is usetidanission planning. The MAVs are networked anddioate their routing dynamically
within the group so that no collision occurs anattthe mission area is covered optimally according cost function. First results of the
project are presented and discussed.

This investigation is funded by the KIRAS safetgearch program of the Austrian Ministry of Trangpdmnovation and Technology
(www.kiras.aj.
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INTRODUCTION

In the case of emergency situations like accidaeiehse of toxic substances the sensing and #ukicpion of the possible
damage is of highest importance for the planninghef proper countermeasures. Another importantcaspethe fast
detection and location of injured people, whichenfis time consuming and dangerous for the resguads themselves.
Both tasks are essential for the coordination antbagmergency responders in real case situations.

Sending at first the MAVs in the toxic area reduttes risk for the first responders and helps therbdtter organize and
coordinate the evacuation action (when necessaryyedl as giving them more concrete informationwhthe protection
equipment needed. The application of the MAVs cardivided into several sections. At first a genenadrview picture of
the situation and the affected area will be createdrder to support the emergency responders. risestep will be the
detection of “moving persons” (including a live pie), which will definitely speed up the rescueasiges and additionally
help the general coordination of the action. Fitgtss model calculations of the dispersion of gmatdous plume are used
as input for the mission planning. The chemical sneaments are on the other hand used as an inpudte precise
dispersion calculation (using a source term ba&tutation approach).

An essential question for a technical developmsnprasented here is whether the costs of the systerjustified by the
value that can be expected after the achievemera.aSpect to be considered in this context is theghbility of occurrence
of severe chemical accidents. As pointed out bySkuckl (2007), the databank MARS (Major Acciderfigding system)

of the EU commission reported a more or less caohstamber of registered industrial chemical accisiethemical

accidents according to the SEVESO Il Directivemsstn 1994 and 2004 with an average of about 258@ents per year
(Figure 1). In 45 % of these reported cases, hamardjases were released directly. In 28 % of tlses;athe accident
occurred in connection with fire and in 27 % of #eeidents hazardous gases were released in ars@xpl
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Figure 1.Number of reported severe chemical actsdarEurope between 1994 & 2004 (after StruckQ7)0
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METHODOLOGY

Micro-aerial vehicles

The micro-aerial vehicles (MAVs) will operate ingaoup, where a minimum of 3 MAVs is needed in ortiefulfil the
above mentioned tasks.

The prototype of a MAV is depicted in Figure 2. BveMAV system contains several MAVs and a groundtish.
Depending of the operation the MAVs will be equigpeith one or more sensors: MAV with sensors folidsubstance,
MAV with a camera for obtaining an overview pictuMAV equipped with a special camera for detectidrpersons and
transfer of live pictures. The ground station seras a configuration and parameterisation, asagelbr manual adaptation
(by demand) of the system for the real time apptica

The constructed MAVs will fly and investigate irpeedefined cell, but rather not rotating along atem. The flight will be
repeated several times. The duration of the fligatsnot be longer than 20 minutes and the MAV9#doted automatically.
The first area picture, depending on the applicatime of the MAVs and the operation duration carobtained after 15-30
minutes. The time and coarse intervals betweem#surements will be chosen in respect to theiogetiine of the sensors
and the dispersion model requiremeritce automation of the flight reduces the risk foe first emergency responders,
where after obtaining more correct and detailecbrimfition about the amount of the toxic substaneses,better
countermeasures can be applied. The maximum aveared form the MAVs is about 2x2 km, and the mimimresolution
is5cm.
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Figure 2. Prototype of the MAV (without wings, wigtutopilot)

A special algorithm for the detection of persorssdil on the camera videos will be developed. Focdmera application
the following features should be considered: a geryd resolution (5 cm), small weight, tempera@nea and integration of
the MAVs. Important for the real time applicatiathe optimisation of the algorithm in order toetttinjured persons in
real time.

The planning of the flight trajectories is basedtba “first guess” calculated with a dispersion mlod’he next step is to
evaluate the first estimate with back calculatitiysprecocious and continuous concentration measmesrmade in the
toxic plume from the MAVs.

On-board computer vision system
An on-board computer vision system is under devekq as an optional module for the MAV and hasutfil the following
main-tasks:

«  Detection of persons moving on the ground

e Acquisition of an overview image

e Live video for the detection of blocked access esut

In case of a chemical accident it is likely that eracuation of the entire endangered populatiomoispossible in time,
especially for chemical plants that are locatedeltm urban environments. Here, a first solutioto imstruct people to find
shelter in nearby buildings, closing windows andrdado avoid a high gas concentration within théding. Thus, the task
of the computer vision system is to detect pedmd are trying to escape from the scene, beingowith shelter. Detecting
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these people in a short time span is essentiahfofast preparation of rescue missions, enabbtigfrunits to specifically
rescue those people first who are exposed to titeekt gas concentration.

For the design of this person detection systers itécessary to process the data on-board the MA¥ahtime, highly
reducing the load for the radio transmission betwdge MAVs and the base station. Therefore a hgight embedded
vision system is required that comprises image iaitgpn as well as a processing platform. An emlgetidision system that
is highly amenable for our purpose is the VCSC401@nealled “Smart Camera” from Vision Components.

This vision system is depicted in figure 3 and @smf a 1/2.5” CMOS sensor with a resolution 08261944 pixels and a
400MHz TMS320DM640 fixed point DSP from Texas lnstents at a total weight of about 40g, alreadyuidiclg the S-
Mount lens.

For the detection of moving persons, it is necgssacalculate the images’ optical flow. Here, we asing correspondence
algorithms initially designed for the applicatiohstereo vision (Ambrosch, 2009). Rather than séagcalong the epipolar
lines as performed for the stereo computation,ciireespondence is searched for a defined areagtafio account the
MAV’s speed over ground as calculated by the aldbpystem as well as the a priory knowledge altoeitmaximum speed
of humans. Furthermore, the signature of humansésl to extract moving persons from other movingab as well as
moving shadows (clouds) and reflection.
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Figure 3. VCSBC4012nano

To deliver a high resolution image of the affectéeda that allows for conclusions about the causéhfochemical accident
in a short time span, it will be possible to use MAVs also for the acquisition of multiple overtapg overview images,

covering the whole scene. These images are stordmt iMAVS since a direct transmission to the lsaagon would exhaust
the bandwidth of the radio transmission. Thus, éhiesages are accessible as soon as all imagesgueeaa and these
specific MAVSs returned to the base station. Tham,images are transferred to the base stationtacldesl to allow for one

high resolution image of the overall affected area.

Depending on the number of MAVs dedicated to thaguasition of the images and the overall size ofd¢hptured area, the
high resolution overview images should be availatithin 15-30 minutes.

To allow the relief units to define access routes rescuing unsheltered persons, it is possiblactess the live video
acquired by one of the MAVs that are equipped i@ person detection, directly from the base staffdnis way, blocked

streets can be detected and diversions found, iagoildat the relief units are stuck on their waytte accident.

Source term back calculation

The background idea of the Advanced Back CalculatkBC; Shahryar and Gilbert, 2003) involves “reversécalation”
with a dispersion model: Usually the release iateised as an input to the dispersion model andrékelts are the
concentration field for the affected area, while &BC utilizes the concentration filed data to estenthe release rate. The
back calculation algorithm takes into account thidl focation, time of release and measured comeéiph to estimate the
release rate. The ABC provides the emergency resppmdih a possibility to reduce uncertainties ie #ource term, based
on real time chemical measurements (whenever dl@jlaThe five base components in a back calculadigsessment are:
gas detection sensors, meteorological measurenmelgase location, starting time of the releasesathisticated dispersion
model. The ABC approach as implemented in the emeygessponse software of Safer Systems will be destethe
Skyobserver project using data measured with MAVSs.
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