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Abstract

BAM Federal Institute for Materials Research andtifg, in cooperation with the AirRobot GmbH & 6G com-
pany, has developed a flying remote-controlled meag system. The system is capable of operating wariety of
scenarios of gas emissions, e.g. exhaust gas fnanmeys, flue gas in a fire, gas emissions in #eeof an accident of
chemical or hazardous goods or in the case ofrartgract involving toxic gases. Thus it can meaghe gas concen-
tration in the immediate vicinity of the object whicauses the emission. A further stage of extarisito enhance the
system for plume tracking and identification of sms of hazardous gases.

1. | ntroduction robot platfc_)rms, AUVs j_Altopomous_lnderwater_\éhi-
cles) and simple-structure blimps.

At present time, the release of critical gasesniseute

threat and mainly responsible for a multitude ofiemse The objective of this work is to implement a midi&V

dangers and problems — both global (0zone holéyagjlo (Unmanned_Agal Vehicle; also referred to as micro-

warming, climate change) and local (smog, pollutipmi-  drone) for the measurement of gas concentratiodsi-A

soning hazard in the case of an accident or tstrati tionally, an airborne route planning and optimiaati

tack). Gases may be released in many different wétys strategy has to be realized for the localizatiogad emis-

different backgrounds: as exhaust from trafficrafustry, sion sources.

as flue gas from volitional or unintentional fires a con-

sequence of a chemical or dangerous goods acctess, .

the result of a terrorist attack. 2 Devel Opment of aMobile Meas-

urement System

The fundamental requirement for gas emission cbaso

well as effective counteractive measures is thesoea .

ment of the relevant gas concentration in the imated 2.1 Development of the Equipment Tech-

vicinity of the source. A flexible and mobile mesmment nology

d_evice Is neede_d to measure gas concentrationsity m Recent developments in the field of mini UAV and-mo

different scenarios of gas r_elease. The_ measuresysat ;. gas measurement technique have established new

tems used so far barely fulfil these requirementbshow possibilities to search for and characterize hanssdair-

further constraints: measuring vehicles equippati ap- borne substances. The Federal Institute for MdseRa-

propriate gas analysis technology can certainlyycant search and Testing (BAM), in cooperation with thie- A

highly selective gas measurements, but they ar_ergﬂeyl Robot GmbH & Co. KG company, has developed a mo-
ground based and cannot reach the EMISSION  SOUTKf and flexible measurement system as part o&® R
Therefore, only telemetry can ofte_n be carne_d Oubroject funded by the Federal Ministry of Economacsl
_Smaller handheld measurement devices are fI_exnthb aTechnoIogy (BMWi). The concept of the project irs
INEXPENnSIVE, bu,t dgnger to people prevents theirvesy the development of a gas sensor module for thedkioR
close to the emission source. drone AR100 Fig.1), which can be used in different sce-
narios. Validation and optimization of the systesralso

An even greater technical challenge is the airbsesch gpart of the project.

for hazardous gaseous substance sources whichréwts
significance e.g. in the field of leak detectioandfill
monitoring and fight against terrorism. In manyaar¢his
is an unsolved problenMany methods of mobile robot - o :
navigation to locate sources of hazardous matesids Precise navigation and enable the device to emteils
based on the search behaviour of insects and atiier Passages. The maximum payload weight amounts to
mals, which use their olfaction to locate food,ditect 200 g with a total flight weight of about 1.3 kghd di-
literature [1] under the topics “odour-source lazation” about 30 min. at a maximum wind load of 8 i #

and “p|ume_tracking"_ |mp|ementations of these noely  powerful wireless radio link enables for the growtation
have been tested and evaluated so far on grourdtbatd communicate with the AR100 and its payload and i

The compact design and excellent manoeuvrabilitthef
remotely controlled quadrocopter (AR100) make fuesi
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cludes both the control and the data transmissiuts of less residence time of the drone the other twotigans-
the payload. The operating distance of the remotdral  port principles should be applied.
is 1 km. The AR100 can be flown by sight and via on

board video camera and head-up display. 2.2 Development of Search Algorithms

By combining video data, flight control data, GR®e
dinates (Mobal Positioning _§stem) and measurement
data from the gas sensors a hew method to acoegxth
pansion and the dispersion of specific gases shueildie-
veloped. The objective is to coordinate adequatasomes
e.g. local evacuation. In addition, a data basdHerself-
optimizing search of hazardous gaseous substance
sources. For this purpose, the sensor system dfigne
control unit will be used to determine wind speed di-
rection. Adaptability to microdrones of existingaseh
algorithms will be analyzed and, if applicable, atmg
will be accomplished. The combination of existingda
the development of new search algorithms offerhfent
possibilities. The results should be simulated HyDC
Fig. 1. AirRobot AR100 ((_Zompqtational_m_id Dynamics) methods and evaluated
and validated by field tests.

A commercially available 5 gas detector was usethén . . .
AR100, which was originally designed for the perdon The IMU QnernalMeqsurementht) IS an |_mportant part
safety. For this reason the device features lovghteand of the drone. It provides the basis for flight sohtand

compact design. The modular concept allows the cd pean be read out in operation. The IMU CQHS'SI?‘MG
exchange of sensors in the gas detector, whichlmaborthc’gona”y arranged accelerometers, which ddireear

users to customize it for their specific applicati®e- accelerations along the X, Y- and z-axes, af“]b“‘”“e
pending on the scenario, the gas detector cantdetey thogonally arranggd rotation rate sensors, whichsues
combustible gases and vapours (catalytic Ex seresor) angulqr accelerations along the x-, y- and z-akésg- .
well as different (toxic) gases e.go,CO, HS, NH,, netic field sensors (compass) and GPS are usetho i

: the accuracy of the IMU and to compensatsdor
CO,, SQ,, PH;, HCN, NQ, Cl, (electrochemical sensors). prove ;
A significant reduction in weight has been achiewsd sor drift [3]. The IMU of the AR100 also containdaro-

the removal of unnecessary components and the infg€tric pressure sensor to control the dronesualiit
grated rechargeable battery. Hence, the total weigthe
gas detector amounts to less than the payloadaliit.
A more lightweight lithium-based battery buffere then-
sors until their next mission to achieve fast operal

Corresponding user software will be developed tatrod
and configure the gas detector and to allow thea dat
evaluation and storage. It covers all importanbinfation

readiness. An additional electronic circuit corgrahe 2nd therefore enables estimating the risk poteatidlgas
communication between the gas detector and theedrofiSPersion. Thus proper counteractions can bednted
via appropriate device interfaces. A temperature faum- promptly and a localisation of the emission sowae be
midity sensor was also integrated as both factarg af- Stared-

fect the measurement data. The case of the gastatei®

protected against water and dust according to IR&7 3 Validation Experiments; Gas
therefore capable of working outdoors. M easur ement

Gas transport to the chemical sensors is a crificatess Experiments in laboratory scale were carried outain
due to the rotors of the quadrocopter and the teriweé 20 m2 test chamber to measure different, @@ncentra-
caused by them. Various solutions are availableedégp tions for the validation of the system with respecthe

ing on the application and basic conditions. The ganeasurement of gas concentrations in a medium-sized
transport can take place passively (without anyilamx volume consisting of the same gas compounding. Two
device), semi-actively (using the air flow genedaty the commercially available gas detectors which weregda
rotors) or actively (using an additional fan). Whesing  at different positions in the chamber were usedefes-

the passive principle, thesdl/ Too" times of the sensors ence systems. One of them was identical to theused

are relevant. In order to achieve faster measurtsweéith  in the drones’ payload. A circulating pump and &eot
fan were used to achieve homogeneous intermixirtgeof
The response time of the sensor is commonly spddifietheTqo or entire volume. The chamber was flushed at the Inégn

Tso time. Too is the time for the sensor's response currergaohr 90% of of each trial i.e. the contained gas / air mixtwas re-

its steady-state value. Similarly, tfie, metric is the time required for placed with “clean” air to assure a &fdee test chamber.
the sensor to reach 50% of its steady-state value [

1w
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The induction of C@was carried out in series and inter-4.]1 Deter mination of the Wind Vector
mittently for about 30 s to regulate the S&@ncentration.

In the first trial the AR100 was started after J@d been 1N€ determination of the wind vector is based @nrdil
introduced into the chamber. In the second trig th2nd Pitch angle of the AR100 as well as the oriericof

AR100 was started before G@as induced. the system with respect to the magnetic north pbie
drones’ IMU provides the necessary data. The regult

angle{/ from roll and pitch angle can finally be used to

By taking into account the accuracy of the used €&h-
d calculate the drad, .

sors of the different measurement devices usedtlam
position-dependent del3yall values measured by the de-

vice of AR100 coincide with those measured by #ferr F=_2 [m (1)
ence devicesHjg. 2). Therefore, the ability of the entire b T '
system to measure gas concentrations in a medized-si tan| ——¢

volume has been verified. As a further step thearné-

ment of the design and optimization of the systeente- . . . .

ing planned to implement a more pointwise gas conceWhere g is the acceleration due to gravity andis the
tration measurement. total WEight of the system.

The wind speed can be calculated by using the itlefin
0s- . s : 0 of the drag coefficient, .

06 n / — i Los 2 D7
>-—I oL \ . vW = D4 Dl], ! (2)
0.4 - /' o4 p proj d

024 Loz where A, is the projected surface area apd is the
mﬂ density of the fluid (in this case air). Latter da calcu-
lated from the temperature and humidity. When tunel

holds a steady position via GPS (or manually), equals

5 0 s 10 15 2 2 % the actual wind speed. If the drone is flying fordsathe
Time /min wind speed can be calculated as the difference,ofand

the actual flight speed using GPS. A filter is uded

Fig. 2. Comparison of the measured £&@ncentration at noise reduction of the data. The wind direction t&n

the drone and a reference device vs. time (theedvas in calculated by transformation of the coordinate esyst
the air before the experiment started) (from local to global using the given values ane tlom-

pass). Fig. 3 shows the relationship betweendfrees§.

CO, concentration / % by volume

0.0+ 0.0

4 Basics for the L ocalization of A, andc, can be determined using an imaging tech-
Emission Sources nique based on the resulting inclination anglenefdrone

and wind tunnel experiments.
Based on the presented measuring system, a nevoaneth
for localizing an emission source using plume tiagk1]
or gas distribution mapping [1, 4, 5] should beealeped.
Kowadlo and Russell give in [1] an excellent sunynar
the existing algorithnisthat will be used for comparison.
For plume tracking in general and in some casegasf (
74

distribution mapping [4] information about wind sge

and direction is essential. In the following secte new

F
: ‘
approach to determine the wind vector (wind spesdl a F
D
g'm

direction) from the existing measurement data eflMU Iy,

will be presented.

5 Fig. 3. Triangle of forces
The time needed to achieve a homogeneous concentiatihe test

chamber.

s Except the new approach called infotaxis (see [6fudher informa-

tion).
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4.2 Experimental Study research within the MNPQ programme (file number

. . 28/07).
The TU Dresden operates a wind tunnel of desige typ

“Gotting” (Fig. 4) which was most suitable for experi-
ments on the micro-drone. The tunnel has a streamed
ter of about 3 m and an almost 4.5 m long testigect
This provided sufficient space for the experimehrtsw-
ever, because of the light structure of the drianeas not
possible to mount it on a force balance. Thereftire,
wind vector was calculated based on an experimgntal
determined function.

Different series of measurement were performedhia t
wind tunnel with and without payload and in diffetea-
dial orientations of the drone. The wind tunnelvided
speeds from 0.0 up to 7.5 M with an increment step of
0.5 m §. Data were collected from the drones’ IMU for
about 30 s and were considered valid if the draeld lts 8
position (controlled via camera) and wind speedhia
wind tunnel was steady.

Fig. 4. AR100 in the wind tunnel at 7.5 rit s

A relationship between the inclination of the AR1&dd
the wind speed based on different series of meamie

has been established. A quadratic function wavety A T A

interpolation which can be used to directly caltailthe 81 s
wind speed. Further results showed that differewiial 7 : e 7
orientations of the drone seem to be irrelevant@dbe 61 — e

neglected. Payload plays a minor but significaré fia
the determination of wind speed and was regardeorde

ingly.

Dt

Flow velocity /m's™
w
!

Fig. 5 shows the inclination of the AR100 at different 1 L
wind speeds. The error bars indicate the standeviad od .l Lo
tion from the mean valuefig. 6 shows the comparison 4
between the inclination angles with and withoutlpag.

Drone inclination / °

5 Conclusion Fig. 5. Inclination of the drone at different wind speeds

The combination of a UAV and a mobile and flexigtes ~ (with payload)
measuring device creates new possibilities to esérthe

risk potential of different scenarios without engaring o 2 4 5 8 10 12 1 16 18
people. Furthermore a big step forward in directibae- O N S N — "
rial-based plume tracking and mapping has beennacco . , /x '

plished by calculating the wind vector from fligtdantrol
data. Now, it is an important next step to evaluhteex-

isting plume tracking algorithms in simulations aext E : j

periments regarding their adaptability and optinttzem j§ , ,

for this new task as well as develop new algoritimisis S , ,

area of application. = | — thout payioed 3
—— with payload
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Fig. 6. Comparison between the inclination angles with
and without payload
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