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Editorial

The importance of security and defence is more prominent

than ever in society, politics and the economy. For many e -
ig0ax=yY 6@ 0U0¢w OB@a adOpPUaU O =U0UAU OO0ag OaacalldOegUaa ca
bolstering security and defence in Austria, alongsid e our

long-standing partners — the Federal Ministry of th e Inte - r’g -

rior (BMI), the Federal Ministry of Defence (BMLV) and with
2004l 00ac =easadc Vadaa ¢cUgZ 19x@80R AU&aUx=cé
(BMF). This dependable partnership enables us to offer
OUUUUORYI Oexecaalxedx aBReclaaxeyY 24000 OORRI 4BRG

p—;

tance systems, ground and air-based systems, cybers e-
curity, communication, sensor and simulation techno lo-
gies and Al-supported image analysis methods, as we Il
as medical wound care and vital signs monitoring fo r oper -

ational forces and emergency responders.

Aed =0UgQaclU O geboRRPaOE® Oax OGaazaaolgae=
when it comes to implementation also make us a strong

partner in addressing threats to critical infrastructure. We

also put our skills to work in various national and inter -

national programmes including KIRAS and FORTE as we Il

as ESA, and EDF to help drive the development of high-

performance security and defence research systems.

@ agx 01 O ORPO& =Pa=xe@d au éQ)aeéééanOUBU(%_‘iY aead 0UUUORI
. . einz Mayer
motivated researchers are working to make the future safer. Managing Director, JOANNEUM RESEARCH
Find out all about our capabilities in this edition of Joann -
ovum and feel free to get in touch for more details.

Heinz Mayer
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Many of the articles in this issue are related to research projects nanced through national fun-
ding programmes such asKIRAS, K-PASS and FORT,Ewvhich are backed by the Austrian Finance
Ministry and implemented through the Austrian Research Promotion Agency (FFG). We would like
to thank the funding providers for their support fo r these important research activities.
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INTERVIEW

BETTER
SAFE THAN
SORRY

Shifts in the balance of global power, the war in U kraine, and extreme weather events inten-

el gx O0i ORUa0O¢w OUOAUD- ¢cUP e64adRx UOe eax@alaaddeaid G®aloOR OUOA!
just a few years. And the importance of security an d defence research is growing as a result.

We spoke to Alexander Almer, Coordinator of the Sec urity and Defence business area at

JOANNEUM RESEARCH, about some of the latest develop ments.

By Petra Mravlak

— RPeOaxga “Rada

Security and defence research

‘RPedax@8 Rawd Ue ¢UQ 7424xUa0¢cad al ¢UQ £0088Dc DO axA BAZAOH FeahANaPeae O
With the company since 1990, he started his career in applied research with a fo cus on satellite remote
e@aelaly O04ax ROcPAE a0x@ O 2UUAU O004ac VaacalOeeBal xaxdlip baAEARDTAASH: al a
systems for the general public. Research priorities and challenges have been evolving at a rapid pace

over the years. Over a period spanning more than 20 years, the focus has increas ingly shifted towards
xUeOaec¢dad a0adUpagacy ea@0edUciy Oax x@UgZalud U O @G o n a¥a @& 0RMD MAaa 4 e
a number of which have received awards.
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INTERVIEW

wa ¢cUQg x@é@RrRadagac al aen

tisensor solutions  for the

detection and localisation of

unmanned aerial objects, the

domain of acoustics — in this

23000 0 Uaec0aboyY ég 040 ¢ORPUAU
about microphones on a drone

—has proven to be an indis-

pensable element.

What are the greatest threats to security in Austri a? aagabdbclaaldbR ¢gOasx xedUalU &@ UOglaAU aagdac
‘Ragéd- cUga® U0ae O00@a O 2UUAU O O such)dnéed @diardamolisiailan® §round vehicles and
threats. These involve the coordinated use of metho ds various operational teams work alongside one anoth -
used by state or non-state actors to garner illegit i- er. Under one scenario, a drone would be deployed t o]
a0c¢c@ V4 egal@; ,60aanR@a aU ¢UUa U apioBidecidortatid® Atteg, grittée pperations centre , the
on critical infrastructure, the disruption of democ ratic  data it collects serves as the basis for decision-m ak-
decision-making processes through widespread disin - ing on what course of action needs to be taken — su ch
formation campaigns, and the use of social media to as whether an unmanned vehicle should be sent to

Ua egda0@ aaRUcUOOR 40840¢cUéd e Ti0tkeésasaeltve dlitther Bumanrésp@ders are needed.

crime falls under the remit of the Federal Ministry of the  These responders can then access the information th at
Interior (BMI) and the Austrian Armed Forces. In te rms  has already been gathered by the air and ground sys -

AU xUexeOeecdd a0a0U@BadacY eeaecdlO0aaemdd@hid helpHia EnsBthdd e operational for ces
20aéU00ae 040 é0&1 éORR PaelUaadx; auiwe A(iRstendandth suiEabl® &guipment and the

gades are unique worldwide. But even so, from a tec h-  number of personnel needed to resolve the situation

AUO0R 4082a00cUéd OaclU ¢UQ &0 e g aLifd@igéhs inteyat@nOrfea® xhat each module

forces require more assistance systems. And this is must operate at least partially autonomously, and t hat

where JOANNEUM RESEARCH comes in: we work closely the drones or vehicles must be intelligent enough b oth

8Uc0 ¢cU@ AUaUacdi aU ¢U0@ %ac@alaad O0ékx a0@BUED A UIIGG pa@acadacRl éUc00a O a40x0@
develop precisely these kinds of assistance systems . and perform assigned tasks.

What exactly are they? Currently, we are working on You are the coordinator of the Security and Defence

48aYQ00¢e U4 ¢UQ8 ©@Rx AU E'ExeY 44-6406024000 084080806 ¢ “A'AA EA A &£, Af»; E0O¢
hicles, as well as and UGVs — which are unmanned iaed 402444 U00U0RUCcU Beroledanpled ded aR @2

ground vehicles. A major project, funded by the Eur o- aval gecpax=Ueég Oax Oaaiarge ¢cOxebae Ua ¢UQ
pean Defence Fund, focuses on building autonomous military domains through close cooperation with key
structures for the evacuation of the injured from t he @&¢ObPgUanRx@aae Oax ORUUAUAU ¢U@ BéUeclau ¢

PRx ¢aelal eadagedx éUUORTa Oax thedidren; JQANNEUN) BESHARCHdNstitutes. Develop -
daec RAOOGUAU O00x=elbRcUPae O0QUAAY &xk&ad PEdA0a; BBaQIaR0EAB Y UVacdUa0cUaa al ges

or air using autonomous vehicles. It also involves the ORR Udaec¢Ucec@aeyY éUcU UaxUéUxeOR ¢cadUbae O
use of something called “biosignal sensors” which specialisations. When it comes down to it, security and
transmit the health status of the injured to the op era- defence — which comprises military defence, interna I
tions centre. In another civilian project, we are w orking  security, and civilian and disaster protection — is ulti -
on optimising the interaction between UAVs, UGVs, a nd mately a governmental responsibility. In light of t hat, it

8
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can be a challenge to build and strategically devel opa
comprehensive competence network with internation -
ORY aOcUaalbRyY Oax a@UUVaabR O0Ocadee ca x@ 4@ Uecedd O0OR

lenges and research priorities. Here, everything hi nges
on close cooperation with the Ministry of Defence a nd
the Ministry of the Interior. On top of that, imple ment -
ing research projects also requires a thorough unde r-

standing of the national and European funding land -
scape. Besides national programmes here in Austria

such as KIRAS, K-PASS, and FORTE, issued by the Fed eral
Ministry of Finance (BMF), the Horizon Europe Civil Secu-

rity for Society cluster, the European Defence Fund (EDF),

and the European Defence Agency (EDA) are all signi f-

UO04ag O¢ ¢U@ ,e48a3a004 RPeWR; -@ aUaU aURU¢OA&I 43aavygdOcee
requires close coordination with the BMLV, basing t hem

on the defence research strategy to pursue long-ter m

objectives.

EUO¢ ¢cadl0ae xa@ae “A'AA EA A £, AT1» Oaéw@a Ua ¢U@
PRx al 2@0eaUc¢i O AaFhes@iddmdedtethno -
logical developments such as assistance systems,
partially and fully autonomous ground and air-based
systems, cybersecurity, communication, sensor, and
simulation technologies, as well as Al-supported im - %a cU@ apaxicaea 'AAQ, Bea0@@tU0® 60A0 xPEDR:
age analysis methods and cooperative management UaégecUUOcO ¢UD caelUOUci U OUGAUOOR OUGag
eiecPae UaRBRAaGUAU ebU4d OOxeaadclUis Oadx xUeaeg:

approaches with partially and fully autonomous sys T 0@ ¢0®0eR0A ®imcBa; COU® U a0x0 damaeUOR

tems. Developing materials, medical wound care, and O000a ¢c@gOUaaRraUij
biosensor-solutions-based vital signs monitoring al SO

aR01 O 4arR@; TaairRgdée @0ealc¢i 40RO¢c@xowaRecUade 404eUAD
multidisciplinary approaches as well as the integra tion

of various technologies. One particular challenge, for

Pe0aaR@Y Ue ¢U@ abacUORRICUERRT O

of injured individuals, which is currently being im ple -

mented in an international EDF-funded project. Disa ster

protection and the protection of critical infrastru cture

are of particular importance. At the national level , the

disaster protection departments of the federal prov -

inces are responsible, with close coordination with the

BMI and BMLYV in disaster situations. The goal is to pool
institute-wide competencies and develop innovative
assistance, management, and forecasting systems in
cooperation with stakeholders.

EOUOU ¢cadU0e 040 a=0¢ ca O0@0aag -Ua
ant in future? “&c¢U OUOR U4&¢@RRUUGBAOED U

theme that plays a role in most areas that are rele vant
to security and defence research. We're intensively en-
UduUaU eUglU " Oax U0Oéw ORaAGOxE O
pertise in this area within the company. The ultima te
future topic is quantum technology, and we are taki ng
UaUgUOR s¢@Bae Ua ¢cUUae 0880 YUcee
— both in the military and civilian security domain s. It's

not only about quantum cryptography — i.e., commu -
4U00clUaa 2@0Oe&Uci Y Oéc ORxa BécDa
UOcUaa- ¢U&aaeul vYOaauau Oax =4aaa a
manipulated, rendering positions based on GPS or Ga I-
ileo inaccurate, which would make many applications
ineffective.



COMMENTARY

FRIEDRICH TEICHMANN

A£5000 coOUaaRAaUI
for security and defence

ace technologies play a pivotal role in secu
rity and defence. Satellite communication and
avigation, and satellite-based Earth observa
ion are essential technologies and services for
modern armed forces. In 2019, NATO recognised space
as a distinct operational domain, alongside land, s
air, and cyberspace. The European Union followed suit
in 2023 with its EU Space Strategy for Security and De
fence. In Austria, the Federal Ministry for Innovation,
Mobility and Infrastructure’s (BMIMI) Austrian Spac
Strategy 2030+ and the Federal Ministry of Defence’s

10
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e
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(BMLV) Austrian Military Space Strategy 2035+ provi de

a national framework.

The BMLV set out its clear vision in its military space

strategy: “The BMLV/Austrian Armed Forces (OBH)

is a responsible space actor. By 2035 and beyond,

the OBH and its partners will operate its own satel -

RUc@ Oadec@RROcUAde ca UeR B OeaelUadx
port international cooperation. Accordingly, the

BMLV/OBH is transitioning from being just a user to

a provider of space infrastructure and services.”

JOANNOVUM
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COMMENTARY

Brigadier Friedrich Teichmann ,

020x aU ¢U@ %aecUcecd Uaa /
°FaealdcUOR "'UUOU&e Oax ¢U¢
™ i0gae@0edlci T04cA@Y &R
P@i 4aRP Ua O0x¢0adUaU ¢UB
Austrian Armed Forces’ space

research activities.

CUg ,edaag0a £a00@ M@alwe Va0&00xU4

xparailal alORR ‘ﬂeOQﬁEOg 40aaxe0¢oRRU
x@aadecadbclaa >%uA o2 aU alalo0cedleaedx

2a0RR a0iRa0Ox xaléPda alaeelaidey Oax | ] pEEO c 0240 R
activities. o

Aax@éda 0aa U0ce 404eUAa0 44800 @ U &haZuscddd CilibaBata U stafldrdised sendll satellites —

command units, and weapon systems which togeth - that also put countries or organisations with only lim -
er constitute a “reconnaissance, command, and effect ited space budgets in a position to develop their own
network.” “New Space” technologies enable cost-effe c- space infrastructure. These reduce dependency on

tive utilisation of space by offering commercially avail - commercial space service providers and enhance the

able standard components. Companies like SpaceX, autonomy of national defence systems. However, the

Blue Origin, and Virgin Galactic are driving develo p-  rapidly increasing number of satellites introduces n ew
agace Ua ¢cUUae 0400 O¢ 4000 A4D = BhAletgds,nalodibycélisibdridkd hard space deb ris.

1334 6acl O c@O04aaRAUUOOR Oax aaPA0cUAA0R U0HeAPD cheBdY elt@AraA sl 00 &4
2@d0edlci aU "eeecadl0ae 24008 00cUéUcUDee-

"xa8¢Ual 0 0aRUaecUO 40 ¢ patdBar0-458a30DR Ve 00Aa0 2460840004 OAAcAAR 46D A x(

ly through inter-ministerial cooperation, to en - for all critical space-based communication and

able national research and industry to contribute information systems (satcom, satnav, and satel-
across the entire spectrum of space technologies lite-based Earth observation) to reduce depen -
(from payload to analysis) dency on commercial operators

AaaaacUal 0aRR00aa0cUaa @g.cU0 E @80@8a0U40 O4ax UaaR@dagacUal aad ad aaacd

through projects by the European Defence Agency) Fa0cUéd = ald O gdakdn¥t@ttrg) @ prove

to enhance EU-wide autonomy in critical technolo - U@O0xUOURUGIY UOU4 geagdalpabed Oax Uade
gies, reduce risks through cooperation, and pursue Ux@aclU OxtRPaexcade RIOAaDxeY Oax ¢0aUL
joint developments (e.g., for space operations or O0dad ce aU a3aélxUalU Uaxgagax@ac &2al00
space situational awareness) information and communication services

JOANNOVUM 11



SPACE

Aa000 Y O URAOOR
security network

AFa000 Uz 4a RaaUD4& eUaari O xaadUa vUad @a0U@acU O gearadaldclasd
projects. In today’s world, it is a highly relevant security arena. Satellite comm unica-

tion, Earth observation, and navigation systems form the backbone of critical infr a-

structure — in both civilian and military contexts. However, increased complexity and

connectivity brings more risks.

By Elke Zenz

In 1957, the Soviet Union launched Sputnik 1, the world’s their ground infrastructure. On 24 February 2022, an
deec @0c¢cBRRUcBY a0apU4aU O UUeacaal Gttadk Briviassd'siKA-SAT satelite hat@ork showed
EG&; cUB EAE” UaRraegx U4 v-0¥ éUc¢U Q@rhancvlaeralle glb@thdremst modern systems

operational communication satellite. In the meantim e, can be: Ukrainian military communications were in -
space technology has advanced rapidly, evolving terrupted and around 30,000 modems across Europe
from a handful of geostationary satellites to mega- affected, including control systems for wind turbin esin
constellations of thousands of low Earth orbit small Germany (2022 Viasat Incident Report). Incidents like
satellites. these highlight the critical need for robust cyberd e-
To put it in numbers: in 1970, a few hundred satellites fence strategies in space. Threats range from GPS
were operational; by 2010, this number had risen to 2844 aU O0ax YOaaUaU ca ¢0al@¢@x UOOPUAU O¢e
around 15,000. And as of early 2025, there are nearly on satellites or ground control stations.
40,000 active objects orbiting Earth, with platforms like
sky.rogue.space providing real-time visualisation o f wA"AA EA A £, AY» £00¢8Uc¢i 40220400 &éU¢U O
their positions and orbits. dimension
JOANNEUM RESEARCH has been actively engaged
AabUcOR UaU&a0aecaebcedo in satellite-based communication and navigation
Satellite services such as skyDSL (Eutelsat) or Sta rlink solutions since 1978, initially as the Institute fo r Applied
(SpaceX) provide continent-wide internet access, Systems Technology. Its focus includes using higher
including in remote or crisis-affected regions. Thi S frequency bands, optimising modulation and coding,
creates opportunities while at the same time fuelling Uac@UalbcUalU OacU OUOR Uac@RRUUPGAOD Uaca =
increased demand for information security, protection UaU Oax geagalagacOR ¢0RUxO¢cUAaA ¢U&AeUU &g
against interception and communication sovereignty. connections.
Y%a xUeeOxecBa& 0B4a08Uae a8 044 U0¢ iADAa a00c8BEO0B OO0a@a 6Uc0 ODUUU 2@ 0ealci
communication can be critical for emergency re - 040 >¢a3a8¢@x Ol BeUaecUAaU 20¢c@BRRUCD xiecd:
sponse and coordination. the EU’s Sentinel satellites and smaller CubeSats.
However, targeted disruptions or attacks on satellites JOANNEUM RESEARCH is developing an Al-based
— through threats such as “killer satellites” — are now service concept for military imagery intelligence
seen as realistic scenarios. The distinction betwee n (IMINT) the EDF'’s IntSen? project. The goal is to facili-
civilian and military space applications is also be - tate automated, continuous monitoring of large areas
coming increasingly blurred. exeU4aUl UUUU ag=aRecUaa £gaclUagnr Uadbug x0O¢C
detection and analysis of critical objects.
11004&4c0800¢cee Udaa 2ad0Q Notable projects include Alphasat Q/V band at Graz’s
As reliance on satellite services grows, so does vu Iner- Hilmwarte observatory, the minisatellite W-Cube, and
ability to cyberattacks targeting both satellites a nd mobile satellite communication systems.

12
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gadax Uaad x0¢0O ¢calaeaU e aslywing Qi dnibgwith research worldwide

focusing on new data highways using higher frequencie

s. DIGITAL is currently evaluating

satellite signals at 75 GHz received from a CubeSat at an altitude of 500km.

— The IRIS? Project

To underpin Europe’s technological independence, th

ient communication channels for authorities, emerge
of non-European providers.

e EU launched the IRIS? (Infrastructure for Resilien

ncy services, and critical infrastructure, independ

ce,

Y acpad0aaag0OcUéUci Oax £00eaUci OicA0edRROUg DB~ 880G 0aaRcORROcUAA &
'££ 20¢c@BRRUcPae U4 aeRcU a40U¢ Oaa BeBHOQGUAHE RMINDEeOix 2P BOGOAT a2d4daa0

ent

Security is increasingly the focus these days — as
evident through participation in projects like Aust
KIRAS security research programme.

ria’s

Demand for data transmission capacity is growing

all the time, with research worldwide focusing on new
data highways using higher frequencies. DIGITAL is
currently evaluating satellite signals at 75 GHz re-
ceived from a CubeSat at an altitude of 500km.

The increasing commercialisation of space presents
both challenges and opportunities for the European
space industry.

JOANNEUM RESEARCH positions itself as a bridge

between science, industry, and public institutions to

O00cUegRI 20040 ¢c@0OUaaRaUUOOR da4aU agaewuelldapedw satefenayigation systems and

Space is no longer an isolated domain — it is an

integral part of security for critical infrastructure. For
Europe and Austria, this means technological sover -
eignty, reliable partnerships, and innovation-drive n
research — all of which are essential to reduce geopo-
litical dependencies and enhance resilience against
modern threats.

Business area
AaO00Y

Coordinator Michael Schmidt,
michael.schmidt@joanneum.at

For many years, we have been developing and
implementing satellite communications systems
featuring innovative technologies and solutions,

space robotics. We also specialise in Earth obser
vation using remote sensing technologies, and
environmental monitoring.

JOANNOVUM
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IN FOCUS

LISTENINGOUT
FOR UNWANTED
VISITORS

Martin Blass, a researcher at DIGITAL's Intelligent Acoustic Solutions
group, is working on the development of innovative acoustic drone
detection technology. An approach that plays a cru cial role in both

civilian and military applications.

-

.

By Elke Zenz i._ !‘1‘

cU@ A wba-aagly¥y |- al0&aaldewmwpélaa i
under the MMCUAS and BARAKUDA projects — is de- |
signed for stationary and mobile operations for drone

localisation. Optimised for harsh environments it ha

a geodesic form and is particularly robust thanks to its

lightweight aluminium and plastic (10kg) constructio

Comprising 32 calibrated microphones, it achieves

precise localisation with an angular error of less than

5°. Commercial multicopter drones can be tracked up

to 500 metres, depending on type and environment.




IN FOCUS

CU@ EA%YC %A DBABAAUA&U-é O wth self-gérierated noise suppressed

tegrating acoustic and LiDAR sensors on through audio signal processing and Al-

a cooperative drone to detect unautho- based models used for drone detection.

rised drones in the air. To do this, single A Blickfeld Qb2-3D LiDAR sensor scans the

microphones and small microphone x§adQPae @PRx aU éUQPeé ed ca uff agcaPe Ua

arrays are mounted on a carbon rod, ¢cU0@ x0a@bcUaa au UUOg;

“Our acoustic drone detection enables us to identi - There is a diverse range of potential applications, too:

fy unmanned aerial objects that are in the airspace protecting large events, political gatherings, or a irports

without authorisation,” peaROV4ae AOA&cUA& -uR fiom aanauthbrideiladrones, particularly to safeguard

phone arrays capture sound from various directions, critical infrastructure, as drones weighing over 50 0

and runtime differences between sensor signals pin - U&dlOaax >¢cU00¢ 404aeUa@ O 4@8aU¢ ¢ca 1 U4a "eeeg
point the sound’s origin. “It’s like listening inte nlyina @«@UUA&AU O004a¢ x0aldUg;

28000 0 xUag0Oclaa eUURY O¢ ¢UQP o radincilaady afpticatdis, theasystem can be use d
background noise,” Blass adds. ca OadaanRgagac déUeclal =Pdaxad 4a0ceaap
Cadla@x U¢U O00aeaecUO xO¢cO Udaa x adrialdobjditd. (Dpetraryato U@ Ssystems, which ac -

it reliably recognise typical sound patterns, machi ne tively emit waves that make them detectable, acoustic

learning continuously improves the system. “The more detection operates passively — a major advantage in

data we collect, the more accurate our technology be - security-critical scenarios.

comes,” Blass adds.

One recent breakthrough is a hemispherical 3D mi - Alook at the future reveals a number of highly promis -
crophone array that is able to localise drones in t he air  ing developments: planned research projects focus on

with greater accuracy than conventional arrays. This xUecdlUOe¢odx 00aexecl0 =Qaxad 4ax0e ca

24a00RPBe OBcc@a ca0OPUAU U4 Oaaian eigdd @enpach MEMShasedOricrophone arrays will

@U0U0al O004acRi Ba00Oa0@x a0Y@O¢ U x P aapbratd Giretilg dhers thePabeineéde@-aton the edge”

better elevation angles than 2D arrays and can even — with minimal energy consumption, made increas -

be used as a mobile technology mounted on vehicles. UaURI @U OUGac ¢U8aell0 Oxé0ab@e Va x00@

15
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INNOVATION

V2o

D U I |
Extreme operational conditions call for peak physic al
a@avasaadad@y eU@cUPa Ua alURUcOAI aa@alOclaaeyY 4@ UUgLAUY
or high-risk professions. As part of the RT-VitalMo nitor
project, a team at DIGITAL is developing a wearable
monitoring system that measures vital signs in real time
and is able to provide early warnings of overexerti on.
By Elke Zenz
16
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INNOVATION

‘440 EQO@gexUgx £alUcéOad ,aUUACQ
Oax AOaOUgagag O¢ °a0i EaUéda=Uci
aaRali; £00 eadbae O0¢ YA'AA EA A E
YasdecUcec@ Uad -0UUUcOR cOUaaravuu
0O x0¢O 040RIeVUae Oax aeR¢UxPaxas
®iecPae Jed08cY O égRR Ox O a4
OU@a Vaa aeagaace aOcUaaOR O4ax E
48aY00¢ce Ua O eUxg 4a0aU@ au 6ago
2@g0edlUci Oax xgU@ald;

Although Anna Weber has since moved to the Digi - 0a4ag ¢Paawaldcedd CUUax Ue OOUU@eGx ¢UO
tal Twin Lab, she will continue to work on the RT-Vital - sensor from Swiss company greenTEG. “We achieve an

Monitor project, conducted in collaboration with the accuracy of £0.2°C, making it comparable to invasive

Austrian Armed Forces (OBH), until year-end. Part of methods.” GNSS positioning and accelerometers also

¢cU@ 43000 xUaU a30e@04&400 34aYQ0¢Y andlte rdeeent@it Pattort) andly€ld & @ é
pertise to bear when it comes to measuring soldiers’
4012 U00R 402URUBA0D; ECODE 0eaR0BAETAOONB @D &R edFa@ac ¢c004 @abice

measurement: “Sensors are integrated directly into But how does this differ from smartwatches, the lifestyle

cPeécURPae Y 04 éax@aaUUAa¢ a8 e &4aacanddets@oribydnany?(riekeydii@rence liesinsensor

data such as ECG metrics, heart rate, heart rate vari - placement and the method of measurement,” Weber

ability, respiratory rate, and skin and core body t em- @eéaR0OUa=; AEUURD é0¢cOUP= aUc4a €@ U4
perature. These parameters are critical for assessi ng tion, we measure the heart’s electrical impulses directly

the physical condition of personnel as they provide using a single-channel ECG. This ensures far greater

insights into fatigue, stress and potential health risks. accuracy, especially during intense activity,” the soft -

This enables preventive measures to be taken for in - e0ap x@PéPRAEDA PedaROUaae; CUD =iaecga Ua
xUéUxeORzxe 6U0a ge60U0OUc ®UUA&az= aU-O0 delsiyUntty anifornds sabidcit) WaBhabld. & Bor Professi ons

tion.” One remarkable feature of the technology is that where watches or wristbands are impractical, this rep -

it facilitates non-invasive measurement of a person’s resents a major advantage,” she adds.
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A textile sensor solution integrat -
ed into smart shirts or smart bras
enables precise capture of physio-
logical data without restricting the
wearer's freedom of movement.

cadlaval Oax x@OUexeUaa adbpUAaU = éaiddadeyelop adaptive algorithms that not only capture

In addition to monitoring individual soldiers, RT-V i-  physiological parameters but adjust to different sc e-

talMonitor can also support commanders’ deci - 40&Ua=xY caava EgOga gearOUae; cabaxzaleggla

sion-making. “The goal is a system that displays the ing large data volumes was another hurdle. “Our algo-

real-time stress levels of individual soldiers or g roups,” &UcUaae R¢@Aa dec¢ 4aUx@Y BaxedlaUu 4a8RUOORY

®&0ie CUaadax »HRIRY x=iadce 20UQa0d P P20aQ A QO Ugddadky e0U0OU Ua0ORex@ aacgU:

an Armed Forces. “Commanders can use this to make from intense activity, or environmental factors that can

tactical decisions, identifying the best-suited gro upor U& 0400 2Bédead xOcOY 20U Oae Ua0¢ a8 Ueal

individual for a particular task.” The system also en-  On top of that come individual factors such as person -

ables more precise training management. Continuous al heat tolerance and stress resilience, which also play

feedback teaches soldiers to optimise intensity — i nsit- a role in stress modelling. “While we can determine

¢0clade 2e0U0 O Baxed0400 B0 U ada¥aehol0aa édddicd UaxUéUxeORRIY acU4a ad &
O0x=@x a4 ®0UQacU O axUaUe Oax 0¢gadbU@eeV:

-PéPRaAaADAac OUORRDAaAUD = While not yet fully addressed, psychological stress fac -

However, developing a reliable system for dynamic op - tors could be considered in future developments, he

erational scenarios poses unique challenges. “We ha d adds.
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Végadae@d 0aarR000Oc¢cUa4e Looking to the future

Originally designed for military use, the technolog y  Anna Weber: “Besides individual stress monitoring, the

ORxea UOae OUEURUOA 0adRUO0¢Ua&x i xOtdHZEUBRARED &Y G x Uad cadUalau 04
0eROA0OD 2B&éU0Pe OaeRx 0@AaP ¢ VadbBaa dxiaix0@Bedddgheald adéc ec@a- UAc

monitoring to detect potential health risks at an ear - isting command systems to enable data-driven deci -
Rl 2¢cOU@; AddadcealcUg@e ORaea @éU xspond dn deplymardtes and Btredsdimits.
telemedicine, where continuous monitoring of at-ris k  The research project vividly demonstrates how smart

patients is a possibility. Acceptance varies accord ing  sensor technology is in a position to enhance perfor -

ca ¢cU@ 2a@0OU O OaacPéc; aCBace = Uaé@ncecdnd safet\ail déh@ddiag Yéoeasions. Further
different units respond differently to the smart shirt,” development is needed in consultation with the Austri -
»HRIR &@0a4a8cej EOURD aaagd ax OaaclhalddnedFoads befddtbietechnology can transition
OgraveryY OUORRPAaAUPe O&Uaed Ua o in®olunt peidd@ocndadlaeVy =e0OU

as when wearing additional protective gear. In roles

where physical demands are high — such as light in -

fantry — the shirt has been largely well-received.

JOANNOVUM 19



INNOVATION

By Elke Zenz ey " T

W i,

aé v pOxe@dx 3a0acU0x = e adas CKIRAB KESeEAGSUDroject. Here, unmanned aerial ve_ * -
dPxaaax@ae Ua xUeOxcda @ Uce hiclesa@Avs) and unmanned ground vehicles (UGVs)

EURx 8@ 080 UV4a0&@0 0 Ual UR a6égigoRd Ywith Orubisrsar wedbindlogy are used to .t

al 004¢ P0aaaald Oax @OaRaUgefe@r ne@radaldi@e situational awareness. As
every year. In Europe alone, up to 500,000 hectares of - multitasking systems, the Al-supported technology
Uadg@ec 040 Oaaxzeadx Oi Qage G000 DA eix W@acBBcTOc a0ae O0A&ARIY ada OUULBO
EALA Y ¢cU@ »%0ae081 ¥£¥ sax AUBRD e atbRasssDwith Yevatadlidhe xMarkus Bergen, Senior
ing the 69km 2 Palisades Fire and the 42km 2 Eaton Fire A@@@0300084& Oc¢ -%°%C ¢V @eaR0OU4e- a'écaaaa
Y x@ecidaigx 0448460 adbadRo06 weftaras 43aéUx@ a@0OR ¢cUa@ UaladaldcUaa aa 00xeeORgU

o

of land. Over 16,200 buildings were destroyed or dam - smouldering embers, and gas levels. This helps esta b-
aged. Given this dramatic trend, intensive research is RUxeU0 O 024234000 4aeUéd aU0Oced® alU-¢cUB aUcelc
underway into innovative technologies that are de - ®maadaxgaay 0400RUAU ¢cO0AUBcTx Oax U OUDac -
signed to provide more effective support for emerge n-  The interplay of drones and unmanned ground vehi -
cy responders. At DIGITAL, a promising approach is be - cles=which are able to independently enter hazardous
ing developed: the use of Al-based robotics. ~ areas — is particularly valuable. They can also del iver
~ water and critical supplles autonomously, supportin o]

"échadaaexe m®iec@ae Ua éeURXAaQ @ at@spbhﬁﬁeaté}ams emQtransportlng casualties from dan -
®xiadxe? Upga iaa0@xi a écadaaadcae ég0UUORGae OaeéerRx aU
Markus Bergen and his team are developing assis - increase evacuation capacity while reducing risks f or
tance systems for emergency responders under the responders,” Bergen adds.
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PHOTO: BERG-
MANN

Markus.Bergen - specialises in
aUacalabaa@caloO UabUP aaa
OBxexeUaly UgalavadadcUaa
éUODeY Oax aeRcUaePaxad =
»@ U0 éadb@x O¢ -%°%uC ¢ U
Agdaacy £Ga=eUal O0ax °galal
abOclUaa a@=e@0a0U0 Vaaes aU:
AOcad@a ¥£¥!i »Uae OeaaPag ¢
4U0ci Oax x@U@adbo Vadeae Ua
d84aéUx0al 0Oaaaaglogaxeleéed
2Ucebclaaldbr 0ebagadeaese ¢U
2a0URY aROcUadaee >EéE®eY
OORD =PamadaeyY Ugax0cO O
and sensor fusion.

AdceaadbUal Oax 0aaagadcléd cOab alpiojectss Bunded by the European Defence Fund, one

The researchers are also working on a system that pe0aarR@ UVaéaRéde ¢BaeclalU E'Eae O4x EC°E
prioritises tasks and optimises the coordination of evacuation. “The autonomous systems are designed

autonomous systems. “This cooperative task man - toindependently identify danger zones, locate casu al-

agement relies on the use of autonomous aerial and ties, and transport them safely,” Aimer notes.

Udaeax égUUORDeYd BearROUaz R A& Thanksio fHesedrintvatve aldveldpments, combating

nator of the Security and Defence business area at eURx &4@ax O0ax ®UValUR0a xUaelbaec@ade OaeRx

JOANNEUM RESEARCH. “In-one application, autonomous a4a4@ @U OUac Va ¢U@ Ueécedd; cUB Oaadla
x8a4a@x 004 x@¢c@O0¢ &Py cadbaaealc xGar@echaolodyZnd auanlnious vehicles. can make a

centre, and direct autonomous vehicles to the site to decisive contribution to protecting people and nature.

®eddade 40 U0gUaU a8 00=xeORcl 4@ 0aédaia

In time-critical situations, this technology enable S

UOecPa xgOUxeUaad aObpUaUY xUUAU O00acRi waldadlal ag

sponders’ effectiveness. “The interaction between h u-

mans and machines is optimised to better assess and

0aab0¢ xOaUPBae 2240 46U0PRIYE ‘Raga Oaa daei|
AdalUad@aee ¢cU00abe ca 8aaBl0a 0aRrOOa&aOcUaA
JOANNEUM RESEARCH is advancing autonomous sys -

tems through its participation in several internati onal
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RETHINKING HEALING

ForceRepair

Innovative treatment for chronic wounds

fU083400 éaeaxae 2UUaAU O04acRi UaadU4 aeORUC cIzxa 8 QRALUAU LcdBga (P&l ad OLAX DA &4
project, JOANNEUM RESEARCH COREMED - working alongside 13 partners — is d eveloping a novel

therapy in the form of a 3D-printed wound dressing that uses mechanical stim ulation to activate

the body’s natural healing processes. The core component is a smart carrie r system that combines

innovative biocompatible technologies with pro-rege nerative agents. This promotes cell regen -

Pad0cUaa eUURY OaacdanrrUaU OO00OcBAUOR [ aQimad el debeed 0 &0 08 RAEOG@EA d) ax U
tailored treatment approaches, improving long-term wound healing.

JOANNEUM RESEARCH COREMED

Centre for Regenerative Medicine and Precision Medi cine
Petra Mravlak

E-mail: coremed@joanneum.at, tel. +43 (0)316 876-4000

CUUe 80200800 60 Ueax@x Oi ¢c0@  e4&ad@odeedas U adiby0e¢Of caxda ¢c00 »adffiag..cadid
0a0aady Ow 404c aU c0@ *AAT, A A %A a3aY@dicoradaxys|éd Eimege Oax adlalaae O¢ ik Ot e <020 s
clae@ al ¢U@ Oecladrece aaRi Oax xa aac @@ ABlec @4 (bRia 4@ GOk adeé a4 ¢U@ ,24aa@0 Ao}
L 6@0ecUéd "UBa0I »»0-, | ABUcUZA cUP ,642a004cEBUAN @Al @ O @ AW &4 B D4 4 4z U N




COMMMENTARY

RUDOLF ZAUNER

N Ve o

. JUBAa0d cUa
focused
OarrdO0Oa aOcU

Brigadier Rudolf Zauner

Ug0xe ¢UD 1@xB&0R AUaUec:
al -gugabgae -ga0acagac al
EOUZa0QY Ade@0a00 Oax

-PéegdRadAadac

n 2013, a cooperation agreement focusing on se - all successful research, it is predicated on favour able

curity and defence was signed with JOANNEUM RE 0aaxUcUadeVyY UaORexUaU QeO@BRRBE&c 404

SEARCH Uaad ¢U@ 4&aec¢ ¢cUa@; tarRRaéU alrasbucaere had i@ aigadtamtly climate goals and the

eUx@ a04aUU04aU UaUgUOR 0arRR0OOaa0c0aO W OBR UG adeaeVW OUBAac UeaxUauU; @l
¢cUUee OUAQZOagac é0x Géc@ax@x UA ¥mgesplhéeto Ber¥dsivediidats, needs to be viewed as

aim is to provide mutual support in developing and an investment in the future.

participating in national and EU research programme s.

AgUer08 eOUOaAUBa a4 ¢@OUAaAARAUT Boh prope@td lihder Re FOBTE Rlefence research pro -

developments have created a pivotal link from fun - gramme and European-level initiatives in areas such

damental research to product development for se - as autonomous driving, robotics, satellite reconnai S-

curity and defence applications. The scale of the ¢ 0- sance, Al, space technologies, drone defence, and

operation between JOANNEUM RESEARCH (JR) and the 006a00URUGUB= ¢ca x@P¢@O¢ UVazdaélUedx @

Federal Ministry of Defence (BMLV) now sees it rank well-established and intensive cooperation between

third, behind TU Graz and AIT. ¢U@ alalecadi O0ax %A Uae O U4 éla-2Uce0
dRPae al aed écaxeléd 0arrdOaabclaa &

Defence research is impacted by multiple factors in - mind here: in the long-standing VitalMonitor project,

cluding the current geopolitical situation, the pace of vhae ¢c@OUAUOOR Beadaclaed 60ae 0aadblag

environmental changes, and rapid technological ad - aUBRUcOA&l 234000 O &dadce 2000400 Ceag

¢0abPdadaceyY e0UOU Uacdaxed@ OaaaBuhan Odformagee hlnfoting System. This system

lising threats, generating potential and real dange rs. aims to enhance soldiers’ performance during train -

Consequently, the Austrian Armed Forces (OBH) must ing and serve as a tool for supporting decision-mak -

continuously develop new capabilities and enhance UaU xeadUaU aa@alOcUaaei CUD ¢, A¥E, A aa:

BeUecU4al 440 @ ca Daxedd aa040¢Ua4ag he@ Rasibiftg af seapitly amahécitiGysatellite s

of the country. Future defence capability ultimately de - between low Earth orbit (LEO) and very low Earth orbit

pends on having innovative technologies available i n (VLEO). This is relevant for Austria and the EU in terms

a timely and effective manner. Finalised in 2024 with of space situational awareness, Earth observation/r e-

JR’s contribution, the BMLV’s Defence Research Strate - mote sensing, GNSS/nhavigation warfare, and commu -

gy 2032+ charts the course for this to happen. nication applications.

Effective defence research for the technology-drive n  While it is impossible to predict when, how, or in what

modernisation of the OBH is only achievable through form threats will emerge, it is certain that cooperative

partnership with civilian research institutions and in- xPUBad@ 40200400 RPO0éPBae e 2UUAU O

dustry, and clearly focused cooperation at the Europe - a0a&agx Uaa Ueceadw OUORRBAaUBaeY O@awd ¢cla

an level. Aligned to a time horizon of 2040, it requires an population.

interdisciplinary and broadly themed approach. Like
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Hera mission.

Asteroids pose a genuine threat to the Earth. To gain deeper insights into me
to avert potential collisions, the European Space Agency (ESA) launche

Hera spacecraft will investigate the outcomes of the

c:

aa@d 11U a
Ua aR0agcOai

U Ucgee
X

a
dUBao

asures designed
d the Hera mission. The
Double Asteroid Redirection Test (DART)

O&c
)

geagalagac Y ¢UQ dexc 0éga OaacaaRR@x 0anrRUeUg® HadpedA a6 05 @ O a

ballo Perucha and Gerhard Paar of the DIGITAL Institute’s Space Robotic
team are playing a central role in data evaluation and
analysis of data collected by the instruments on board

By Renate Buchgraber

CU@ Ua egab@ auU ¢U@ -"Ac alazaeUaa
On 28 September 2022, NASA's DART probe collided with

an asteroid moon called Dimorphos, in order to alter

its orbit around the parent asteroid, Didymos. Even with

a diameter of 160 metres, Dimorphos would be large
enough to destroy a city the size of Vienna if it hit Earth.
Analysis carried out after the DART impact showed that
Dimorphos’s orbit had been shortened by 33 minutes.

“This proved that a kinetic impact can change an as -
teroid’s orbit,” says Piluca Caballo Perucha. Now, the

s and Instruments
processing, in particular the 2D and 3D
Hera.

to search the mission data interactively and perform
44000a@ 20U@acU O 040RIieUa;

“The end product of our work is the PRo3D-GIS tool,
which supports the interactive visualisation and an al-
ysis of instrument data and processing outcomes in a

OadeUec@ac Odac@éc U4 ¢0dae alU 24000 O0ax ¢

GIS integrates the Hera instrument data in a database
that contains all of the data, metadata and derived
products recorded during the mission. These include

»B40 54400 Ue xe@ ¢ca @e0alag ¢U@ R Méidscpdsittonhlohyaitd gafectoly, the projection of

the collision, supplying detailed data on the aster oid's
structure, composition and gravitation.

Hera mission in 2D and 3D

Piluca Caballo Perucha and Gerhard Paar from the
DIGITAL Institute are making a vital contribution to the

Hera mission. In collaboration with research instit ution
VRVis, they are developing specialised software too Is
designed to analyse the collected data. This will enable

them to create a detailed 2D and 3D visualisation of the
surface composition and material properties of Dimo r-
d0aae Oax -Uxiade; & ¢U@ %A AA EA
perts point out, the PRo3D-GIS platform will allow them

24

sensor data onto the surface, as well as 3D models,
some of which were created using DIGITAL-designed

2alcé0ad; cU@ acU@a ROIBAae aU Ualadadc¢laa

tures, gradient maps, albedo maps, annotations and

aeRcUxagd0ca0OR a0deVYa 0edR0U4ae 204004

specialised in image processing software for space
applications, as well as the planetary science sub -
sequently founded on it, for more than 30 years. As a
key partner, this contribution to the Hera mission will
enable the Space team to publish joint papers with
their Hera counterparts, and participate in future ESA
Anj#EigndA Theludiny the Ramses mission to study the
asteroid Apophis. Measuring 375 metres in diameter,
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‘FaxPel Gedadac AUROO 70ROBRRaar
Perucha
research into industrial mea -

Uae 60 DUUUORI
U0x 0004 0aaxedcUaPUOaAxDx geagac Ua UadUQ
OFxeaelal 2alce080 Uad =al

®edPadac ¢Bd0O04aarRAUIY =ga@BBerdx 04aRU0O0O¢UA4e| »T
Oax 4a0acU0e& Uaad aéd4a ¥£ be@rlrvedved in numerous

Apophis will pass within around 31,750km of Earth on 13
April 2029, travelling at a speed of 7.4km/second. “The

3D-GIS functionality and the necessary data interfa ces

NASA projects.

Curiosity and Perseverance. Together with the image S
from the Hera probe, these recordings could facilitate
types of analysis of the martian atmosphere that ha ve

only very rarely been possible in this form.”

When Hera reaches the Didymos system in late 2026,

it will deploy two CubeSats — Milani and Juventas — to

006441 ae¢ UanrRAae ¢éa Uaé@aecUUOcUa4A®| A%
cited about the analysis of the crater structure on Di -

morphos that was created by the DART impact,” says

Piluca Caballo Perucha, who lived in Spain before mov -

ing to JOANNEUM RESEARCH to write her master’s thesis

on geodesy almost 25 years ago.

CUZ avéec aU0ae@ al ¢cU@ alex=Uaa Y cU@ U4
to Dimorphos — will use PRo3D-GIS as the key platform

for 3D recording and visualisation of a range of different

instrument data, laying the foundations for achieve -

agac al ¢U@ adaygOcaae 20UGacU O UaodR

040 U@RaVAU ca Beadax acd ADade pean @R B®adUsndl Waagdlamae Ua0eUcOcUaA0OR

nel mapping portfolio,” Paar adds.

¢ai0U@ ¢U&aeUU ¢UB =aR04 =iecda
Launched from Cape Canaveral on 7 October 2024,
Hera is currently in what is known as the cruise phase.
It completed a successful swingby of Mars — which was
designed to shorten the journey to Dimorphos — on 12
March 2025. In the process, the probe also surveyed im -
portant regions of Deimos, collecting an unprecedent -
ed array of images of the Martian moon. As Gerhard
Paar comments: “We’ll have to wait and see whether

PecgaalOR Oax UacgaalOR =¢édeOcedd Y élUO

changed by the DART collision — and analysing the s ur-
face’s physical, morphological, optical, thermal an d
chemical properties. The aim is also to map the glo bal

composition, carry out detailed measurement of the
features of the crater and other effects of the DART im -
pact, and characterise the dust clouds surrounding the
binary asteroid system.

Looking to the future
CU@ axU&aUe eURR O@ O4UcUOORRI Wazaach

¢UUe 2URR UPRE ca 40 a0 ¢UD =eaUo o LAY AP phalegies, ad Wi gl deliver valu -
xO0¢cO eURR O@ Uasec Uaca aéd caaBae Ua OFINsiofs N Be makepp of F5igrpids. A major

testing purposes in preparation for the approach to the

Didymos system in 2026, and to support analysis of the
data from Mars’s moon Phobos. At virtually the same
time, we initiated recordings from Mars’s atmosphere
using the Mastcam and Mastcam-Z on the Mars rovers

JOANNOVUM

milestone in international space research, the proj ect
shows how modern technology can help to protect
Earth against potential threats from the cosmos.
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precise overview of the size of a crowd, the mood a

ing situations is an important security factor. The

a tool designed to produce real-time snapshots of a

By Petra Mravlak

As part of the MUSIG project, researchers from the DIG -

nd the dynamics behind develop-
DIGITAL Institute has been trialling
ny given situation.

®aOUO0R agxUOY ORR aU eUUOU 04y YeOReOcDx

“uC ¢ YadamcUcgec@ Oax ¢c0@UA a0 4cAadaxinBligerct. aBix allddsh ®e€acking @f the number of

0548a0000%e& ca ¢cU@ OadbRielUee au

a peapeét@eisPeid theyGu@ moving at and crowd den -

2a0OUOR a@xU0OY U4 a4xP4& ca 0830é@ O RABOuD B O cc O BB OU O 040RIeUae AU aac

ty and management strategies for large-scale events
and emergency situations. Applying multimodal data
sources, including social media and mobile communi
cations data, makes it possible to build up a compre
hensive picture of a situation in real time. This also en
ables emergency service personnel to respond quickl y
to changes.

The system was trialled at Vienna's Danube Island
Festival. It has one key advantage compared to con -
ventional crowd monitoring systems: integrating

a range of different data sources means that more

@8 ciag@e al UVavadaldcUaa 040 ORxa B&ca0OCO X
media — in particular the emotions of people on site,

which provides the basis for assessing mood and dy -

namic changes in the topics people are talking abou t.

When it comes to projects like this, data protection is

a particularly important factor. And with this in mind,

compliance with data protection regulations is moni -

cad@x Oi 604 B¢cUUOGee Oabax; -0¢0O adac@bcUas auv
closely involved in the project in order to ensure safe -

guarding of personal data.
cU@ adavyw@oge ¢cU@

axUalae Oax dg=xzeRcUal ¢g

4400U=x=0 aé@aéelgéese 004 0O U adahaw®d kéiped tblpdpbinedripdréabt focuses for future

cantly enhances event safety. The technology also

supports crisis management activities thanks to rap id
analysis of crowds and their movements. The analysi s
is based on data from optical and thermal cameras,

mobile communications, as well as location data fro m

26

402@0800Y O 60RR O 3800cUOOR 6044aRUO0O¢
of event management and public safety. Funded by th e

Austrian Research Promotion Agency (FFG), the MUSIG

project is part of the Austrian KIRAS security research

programme.
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,é@éé@gﬂééééxﬂé
extreme conditions

By Elke Zenz

The foldable tent is ideal for use in transport aircraft such as the C-130 Herc ules.

Evacuating people from disaster zones poses both

logistical and medical challenges — especially if i n-
dividuals have been affected by contamination or
are carrying highly infectious diseases. In situati ons

where evacuees are transported by air, in a worst case
scenario contamination can spread throughout the

plane’s interior. Protecting the crew, ground staff and

other passengers is just as critical as ensuring that an

aircraft remains operational. Conventional solution S
e2eORRI ¢cOPP ¢cUP VUada al =2g0R@x Oa
¢cUO¢c U0éD ca OO é0acUROcBx Oax a4

tion systems. However, an alternative that is perm e-
OORPY @eUORP OaxY O¢ ¢cU@ =0agd ¢U a?ﬂgpr%@éplﬂ@n@rtéﬁ@@arﬁ)@ Eséa %Qaqs%ort contami-
able anywhere in the world. nated individuals and removes the need to fully decontami-

Now, researchers from JOANNEUM RESEARCH, working nate the inside of the aircraft afterwards.
alongside partners from Germany and Austria on the
DEKO-AirTrans project, have come up with the answer.

The aim was to develop a mobile, permeable interior medical decisions can be taken in real time via a te le-

tent solution for transport aircraft like the C-130 Hercu - medicine interface. The stand-out feature is the mate -

les. Designed around a standard multifunctional pal - rial used, which combines breathability with protec tion

let, the set-up allows contaminated individuals to be against chemical, biological, radiological, and nuc lear
transported safely without the contaminant spreadin g (CBRN) substances. This will not only make air evacu a-

to the aircraft’s interior. Integrated sensors cont inuous - ¢Uade 2a0U@AY Oec ORaxa 2240 3400¢cUOOR (
ly monitor the individual’s vital signs, as well as envi- — and it represents a milestone for Austria’s armed

ronmental conditions inside the tent. This means that forces as well as international humanitarian missio ns.
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HIGH POTENTIALS

ag@auvulau cORDAc

IT specialist FLORIAN HAID U & O a@ a0 @-& uaseldroned with Aighly specialised camera systems
aac@ EBaxeUal Oax °@alaladaldclaa &anata@dpiréridelychkbidiedigaccurately capture ob -

DIGITAL, the JOANNEUM RESEARCHDNRstitute specialising
in digital technologies.

What is your research focused on?
I work in security research. We develop software solu -

tions for the management and visualisation of vario us
types of data, including vital sign data for emergency
responders and soldiers, as well as aerial images t aken

by drones. This makes it possible to provide an over -
view of an ongoing situation, protect members of the
emergency services, and generate decision-making
tools for managers and commanders. Whether it’s for

jects and changes in a particular area. So we can mon -

itor both the location and status of emergency servi ces

ecOUUY Oax OR=a 00441 aec Y% xeéaddadcax 040
ample to detect people or vehicles. On top of that, we

work with satellite images in order to evaluate environ -

mental changes. The combination of these technolo -

gies enables us to generate valuable knowledge that

Uxe GécdgdadRl ¢e@UeR Uad ¢UQ Bagalgadl a3
authorities and decision-makers.

»88@ xUx iae U@c¢ Uadca 1a¢8 Oeddgac adalUg=aelaaz
When | started my computer science degree, the

¢cUg0 840 203¢U0Q0 a&d ¢U@ alRUcOA&I Y b adeé bfadoing énfd GasBarcd hélp’a even crossed my

happening on the ground, and keeping an eye on the
current status of emergency services personnel, is crit -
ical for taking action at the right time.

mind. Through my brother, | organised an internship

at JOANNEUM RESEARCH - and right from the outset |

60 UOaeOUAaAOcEx Oi ORR aU ¢U@ @e0UcU4AU &0 e
wrote my bachelor’'s and master’s theses at JOANNEUM

EUOO¢ Uee ¢cU@ 6Ux@8 Oaadac@éc aU ¢cUU e ARESBARGH) &t I've been part of the Remote Sensing

The research we do is part of the Remote Sensing unit,
which focuses on recording and analysing environ -
mental data using different types of sensors. We also
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RESEARCH GROUP

ueURxUAaU O 40=2@0a0U Uaa

JOANNEUM RESEARCH is growing. With around 300 emplo  yees, Virtual Vehicle (ViF) is

Europe’s largest research centre for the developmen t of virtual vehicles. Following

JOANNEUM RESEARCH:'s acquisition of a 50.1% stake in  the business at the end of last

i04Y O 402@04&400 Udaea éUcU O &cdaal Uac@aadbclaalORrR aaa R@ U

ViF's research is centred on the integration of numeric sim-
ulations and virtual validation in the automotive and railway
industries. The goal is to make mobility in tomorrow’s world
20UZAaY 2480 GU OUQBac Oax 2440 2eecOUAOORD «

ViF Managing Director Jost Bernasch and JR Managing Direc-

tor Heinz Mayer have big plans aimed at further raising the

site’s visibility. The two organisations are already cooperating

on a number of international projects and have appeared

YaUacgRi O¢ @éQacae UaORexUalU AagUaa,éeaa O0ax ¢UO
RESEARCH Forum.

This kind of investment represents a unique strategic bility will be strengthened considerably, giving a m ajor
opportunity for both companies, and for the location boost to Styria’s competitiveness as a business and

Ox 0 402@040U0 Ued;i %g URR ORRAE search UoPatin: &/Fadng OR bidvé artady teamed
214084000 O0ax 20U4aU 004cRI @4aU G au@or & mmised of @ificenk &clvies, including a joint

¢cUO O0ax Uac@aabclaaldnr a3a R@ U4 ¢Uzaadae @O RO 8 5 :AQ Oaflkatatie ) OASINEUM
Carried out in collaboration with business and indu s- RESEARCH Forum, where discussions focused on the fu -
try, research and innovation in digital and green m 0- ture of mobility (see page 36).
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FIELD RESEARCH

leld research

UU U4 cUQD e

tU@Rx ¢adb O¢ ¢cU@ aaxdRighibtd thd Bixto record the

in Stocking. sound patterns of other aerial

Martin Blass, Ana Gregorac, Mi- vehicles. The data are now being

chael Huber and Lukas Reinisch used to train an Al.

from the DIGITAL Institute are EUil Ue ¢UOU& aa Uasdaadchac?
teaching drones how to hear, Smart drones like this can be

with the aim of enabling them deployed to protect critical

to identify other airborne drones infrastructure more effectively.

acoustically. At the initial test GCeda ca a0UQ ug ¢ca ax aeg a

UU0¢Y O x&a4a@ ¢¢@x éUapbut@na acustic detection of

aUxUagobclaaldR aldaasaumaes geé




COMMENTARY

HANNA WILHELMER

hen it comes to cybersecurity, security

considerations play an overriding role.
This is important — but it does not take

Hanna Wilhelmer

is the project
a0abUga Uad "ex=cadUba= Alg¢
11004e@d0edlUci TaaaxU0abcgl:
104cad@ >ANYT CeeVY e0UO0 Ua
OeddgdacRi OQUAU 2@¢ ea Ua «
1FxBA0OR TUOAODBRRDAN

In recent years, the EU has been taking action aimed at
promoting strategic autonomy in key areas including
cybersecurity, as well as reducing dependencies and

®elU OUgac O000aeac al ¢UQ aénbahéindrideRodpetitdiess of European products.

economy and society. Austria — and the Styrian hub in

408c00er08 Y 004 aUUGA BEOBRRGD&O @n BybersEodrit @amg Mé ALY haszsbified towards

nology and innovation landscape. The Austrian Strat
gy for Cybersecurity 2021 aims to bridge this gap, de

e-

industrial policy by means of targeted support pro -
grammes. In addition to the European Defence Fund

alau 0i0pga=@0Oedlci O O elarR@ aU (ECFy®d tha Pall@sidlisked @grizon Europe security

Alongside strict security goals, the strategy also de

a0e 402003800y ¢oOU4araliI Oax

as business as key target audiences for national cy
bersecurity policies.

A core public-private partnership, the Cybersecurity
Platform is designed to support information sharing
between these target audiences and play a part in
promoting cooperation. At the EU level, it is backed up
by the Network of National Coordination Centres, which
focuses on promoting the development of innovative
cybersecurity solutions in partnership with the Europe
an Cybersecurity Competence Centre (ECCC). Austria’s

research programme, more than EUR 1 billion has been

x @ e@iaked ®aihy d&vetopmEnR &d launch of inno -

vative cybersecurity solutions between 2021 and 2027.
For the period to 2027, the Digital Europe Programme
Use aROOUA&AU 04 ©0adal0elUx aa
post-quantum cryptography and innovative solutions
that are designed to enhance cybersecurity. Funding
Use OUagx ge0ReaeUeédRI O¢ ,e4aa004 Ux@0a
decdacY O¢ ¢U@B Uacoaxe@dOclaa O@céeodga C
applications in the form of dual-use developments.

O0acU OU

The EU’s budget priorities from 2028 onwards will be
drawn up by the end of this year. And the topics of

abcUaaldRr au 0@ Y ¢U@ AYY 'C Y Ubax O gwrapeti®@Wenasd énd @ndogdli@h, as well as security

past few years in collaboration with the Austrian Re
search Promotion Agency.

JOANNOVUM

Oax xgU@adw 004 00 BeadOc@x ca aRdI O

2004l 00ac adacg;
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COMMENTARY

GERALD HESZTERA

Gerald Hesztera is head of the

solution

0p)

-pabacagdac Uaa £¢alOcgUiY £0
0ealci AaRUOI Oax faaaxUadcUaa
O¢ ¢U@ "eeecdl04a *x@80R AU4Ue¢
au ¢U@ %acBalad >puAvsce »@ Uz OR
400alaledx a@gxU0 O0ax Oaa
aealoO0OcUaa peapacg;

aintaining the high level of public security in approaches to tackling crime. Research can identify
Austria is becoming an increasingly com - trends at an early stage and help to counteract emerg -
arge OUORRPAUD| CUaAT0cae = difylhréats. GldsE kslbetven science, business and
O&Ua@yY wecadgdalaxa O4ax ¢@44aaubke insthudiahs frandote knowledge transfer as well

stantly evolving. In addition, technological advanc es as training for much-needed specialists. In a world
are giving rise to new threats that affect government ¢UO0¢ Ue O@0Oaalal aaag Oaaarge 01 ¢U@ xOIVY L
institutions, businesses and citizens alike. The gr owingg 40¢UaaldRrR O0ax E eUx@ 20U@aclU O geagaclagd |
dependence on digital systems in our society, as well portant — not just for security, but also for our country’s
as the digitalisation of critical infrastructure — includ -  competitiveness and resilience.
ing energy and transport networks — are bringing ad di-
tional risks that need to be addressed. Cybercrime and In view of these factors, the BMI recently signed an
state-sponsored attacks have made protecting digi - agreement with JOANNEUM RESEARCH, building on their
tal systems a core consideration for security agencies. long-running, successful collaboration on various s e-
CU@e@ =200Uce 0840 0&4@0¢cUaU O Oaadrde ROz a®0adlcadgYd0ce; AdD OedadBac @el
demands continuous adaptation and development of KIRAS-funded NoiseSens project, where a measuring
the BMI’s capabilities. device is being developed that will enable the police to

OaRRBOc RBUORRI OxalaeaeUORD BéUxBAa0@ al éf
Deepening its collaboration with research organisa - ing noise limits at car tuning events.

tions is a key priority for the Ministry. And this is why the

BMI is placing greater emphasis on collaboration with

¢c0@ 20U@acl O OGaaaealci O1 601 aU a0&cadédel0Usae &UcU
Austrian research institutes, which deliver in-dept h

analyses, cutting-edge technologies and innovative

32

JOANNOVUM



IN FOCUS

B

Interview
éUcU 1304i Ad@cc@acUORDA

Director of LIFE — Institute for Cli-
mate, Energy Systems and Society

EUO¢ RGxeaeade 004 6@ RBOA
Uadaa ¢UQ® =0éda@ aaxUauU U;
®eeaada ¥£¥§2

That the topic of heavy rains

caused by climate change is

. now a reality. And that this is a
O O rI S S high-impact, highly damaging
process in itself, because only
. . R . R . part of the enormous damage
140e® 44 Udxeda0a0@ O4x aax da0éPacUAad a0z 00caeox O c6UOR aax
ing from the Danube and its
tributaries, while the rest was

CUQ aaec¢ 400@4ac aaxee Ut depalitiddd Me idea of compen- 0&4aell0¢ OOaec OI aReéelOR
O0eaedx ®UUaU O004ac xOallly BDaa Uad aax x0aldUQZ O0axBEYaas »eal00OQD 60¢cPa aa:
reignited the debate surround- xeO@ O RGUOR BacUcR D adac asa reddlt &@rassive rainfall in

ing insurance coverage. Finance support payments. He suggests a very short period of time.

gea@dac Oax ¢w%t, -U&@ O ¢a follévingiSwitzerland’s lead and

Prettenthaler believes that insur - setting up insurance pools, which EQaeédac cUUx UVadZedBOORD
Pae UdgaedacRi 444éUxJ balptodspre@dbabétantial losses In theory, yes: every additional
d4ac@0claa OUOU4&ec aaxbetra®dpiv@te-sector insurers degree of warming translates

a a0al 00xz@xY ¢UQ aol e haraffectively. This could also in- into a 7% increase in the water

insurance payout is between EUR volve partial government subsidies absorption capacity of the

5,000 and EUR 10,000, because the for insurance premiums. “A com - air, but rainfall per hour rose

potential losses for insurance com - bination of the public sector and by twice as much due to new

panies are too high and serious private insurers is the only possible circulation patterns. By the way,

damage is virtually uninsurable. As solution,” says Prettenthaler. people can check the impact

a result, many households depend Alongside discussions on insur - au aaxUaU aa ¢cU@U& adaaga
on government support (from ance solutions, strengthening visiting hora.gv.at.

disaster relief funds), but this could preventive measures will also be

lead to problems in the long run. 0aedUO0R; CUPxe® UabRexy PROV&xdIalxe ca OO xaad?
Austria’s insurance industry is aax a4a¢c@0Oclaa xeiecBaaeyY aAtdwe moment, we're cooper-

faced with the challenge of de- tainable land use, and raising ating with the University of Lau-

veloping suitable solutions for Oedagadeae aU aax dUxbae GQanddtddevelop an insurance

the growing number of natural the population. The combination of ®aRéclaa Uad apeélOR aaxU
disasters. The Austrian Insurance insurance coverage and preven - this. Also, the government and

Association (VVO) puts the total tion is the only way to effectively private-sector insurers need to

Oaaec aU aax x0a0bUQZ O GWADXaeg cU0g Vaaddc aU aas0aRiaaUa UaddgaeyY 00300
EUR 700m. Austria in future. ther will be able to deal with the

In light of these developments, increasing damage caused by

Prettenthaler underlines the need natural disasters on their own.
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AWARD-WINNING

| Award-winning

s,
—F

Innovation prize for JOANNEUM RESEARCH: Provincial Councillor for Busi  ness and Research Willibald Ehrenhéfer, Wolfgang
Waldhauser, Jurgen Lackner, Paul Hartmann, Heinz Ma yer and Christoph Ludwig (SFG)

AciallOa naaaebOclaa "é0ax ¢ »aeaeb0O AdUIQ

~ A e o N A A A o N om0~ . A =, oA -
AOUa aU OéOaxe Uaa aRO&xealO OaoOcU
With the atmospheric plasma coating developed by ries out basic research and process optimisation al ong
the MATERIALS Institute in Niklasdorf, wood and oth -  with his team at the Niklasdorf site.
er bio-based materials can be coated with con - “The level of innovation achieved by a research com -
ductive  structures, water-repellent surfaces or 4041 Uz x@c@davagx 01 ¢cU@ 2eb@RR@aOP au U
adhesion-enhancing interlayers. JOANNEUM RESEARCH ees, who work to address current economic and social
AU0P@x ¢4 céa 0Oelédxae Uad Uce a0 -4agcéndidnged ing Grd intggr@tet into an agile network
nology: the Province of Styria’s Innovation Award in the formed by business and science, as well as by world-
“Sustainability: R&D institutions” category, as wel | as class infrastructure,” Managing Director Heinz Mayer
second place in the Houska Prize, in the “Non-University adds. “As an application-driven research company,
Research” category. we are also in a position to offer targeted, made-to-
measure solutions for business and industry at the
“We believe that innovation is all about the sustai n- @«Uc¢c@ia AdG=x=gacdx Ua aUeé 00¢@UadlBayY ¢cUD £
OORD cd0axeUadaldclaa al geUaeclal a@OA&UDR e U DEERIBADT aU A£cidUOazx al OUOR
groundbreaking technologies, and combining natural Awarded annually by the B&C Private Foundation, the
aesthetics with smart functions in the process,” ac - Houska Prize is presented in recognition of pioneering
cording to project manager Jirgen Lackner, who car - research projects.
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UeclalelUaeUgx e@aélU0@ Oebaxe Uad LA @aan

Long-serving employees Roswitha Katter and Herwig
Proske were presented with the Province of Styria’s dis -
tinguished service award for employees of provincial
government companies. With JR Managing Director
Heinz Mayer and works council member Ferdinand
Golja in attendance, the service medals — a mark of

the province’s gratitude and recognition — were pre -
sented by Governor Mario Kunasek and former Provin -
cial Councillor Barbara Eibinger-MiedIl. Herwig Pros ke
joined JOANNEUM RESEARCH in 1986. He started out in
the environmental geology unit, where he focused on
mapping and risk analysis. Proske specialises in th e
application of remote sensing data for the analysis

and modelling of geological hazards, taking into ac -
count climate-related changes. Roswitha Katter began

her career at the Institute of Environmental Research

in 1986. She went on to work in the Department of Re -
search Planning, Technology Consulting and Project
Management, as well as the Strategic Planning De -
d0a&cagdac; £UQ ORxa U0ae @e0OOBRRODac Oaa
the research landscape in her role as the liaison f or
the European Commission. Katter has been in charge

of the Research Programmes and Coordination staff
function since 2023.

Roswitha Katter and Herwig Proske with their awards from the
Province of Styria

AKUT is now also serving as the “ears” of tunnels in Italy, allowing for immed iate incident responses.

Microphones and Al enable the AKUT acoustic tunnel the system for three further tunnels. The sounds that

monitoring system to identify incidents or other critical typically occur in tunnel operations are produced by

events in road tunnels in under a second. The system ¢c0@ BallageaeyY 4aRRVAU aacUaa Oax- aé au
a0 AacRl BacPadx aagalbclaa Uad ¢Ugingilheongh tha @nhell Any@Gnandalies in these sound s

torway tunnel in Italy — on a section of the motorway Y Uad gebaar@gy ¢U@ 4alxz@ Udaa égUUORD
in Lombardy operated by Autostrada Pedemontana picked up in real time by the microphones installed

Lombarda. There are several tunnels on the company’s in the tunnel, so response measures can be initiated

network, including the 1,300m Gorla tunnel. Another straight away. Managed by the DIGITAL Institute, the

new AKUT user is road operator Milano Serravalle — Mi - AKUT tunnel monitoring system is also currently in use

lano Tangenziali S.p.A., which has also commissione d inaround 50 tunnels in Austria and the Czech Republic.
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| News

_LEI“ [} Visit www.joanneum.at for all of the latest
0] JOANNEUM RESEARCH news and events

CU@ Ueced@ auU aabURUciY a0ac aa@- Oeécaaacleéew

Automotive industry trends and
challenges

The speakers at the JOANNEUM
RESEARCH Forum, held in Graz on 25
February 2025, looked at the future

of the automotive industry from a

range of different perspectives. The
discussion topics included trans -

port, energy storage, software and

O0acU OUOR Uag@RRUU@AOC
cycle assessment.

Heinz Mayer with speakers Stefan Koller (VARTA), Robert Fischer (AVL)
Jost Bernasch (Virtual Vehicle) and Gerfried Jungmeier (LIFE)

~

nO0axeUO a¥e@d0adbl a0ia

On 27 November 2024, the Austri- and society than was previously

an Institute of Economic Research assumed, and secondly, all of the
(WIFO), the Institute for Advanced investments made through the

Studies (IHS) and JOANNEUM FWF generate returns for the feder-
RESEARCH’s POLICIE®stitute pre - al budget in a short space of time.
sented a study which showed that These outcomes have a particular -
basic research can pay dividends ly positive effect on the economy.
aeU0pPRI Oax Pécdae UédRhdddssover of basic research
xeO¢@x Uad ¢cU@ 8dzxc¢ cUag &alU&Uee dllaxn 043U x 402020800
the study on the impact of basic while, at the same time, practical
400400 a0ab@x Oi ¢U Beedsbupbbasic research, gives

an Science Fund (FWF) arrived at rise to dynamic reciprocal effects.

céa ®ed34UaUaU 0aaldReeThsspeedsdipepréigr¥ss, as well
¢cU@ a04a0@x 34aYPB0cee UOGaDABDORVAU U OUBAac 4@z
quicker impact on the economy challenges.

an
a»
08
)
Q
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.UU0UcORU=xeUA&U
OUuauOeRced@ eélcU "vq

Thanks to an innovative Al-based Modelling research group at the
soil mapping tool, services provid - POLICIES Institute, and his team
er Maschinenring, the Province of UO6éd arOiI@x O 2UUAU OO04c¢ al
Styria and JOANNEUM RESEARCH developing the groundbreaking
are setting new standards in tool. The project was presented at
resource-conserving agricul - a press conference with Provincial
ture. State-of-the-art technology Councillor Simone Schmiedbauer,
enables farmers to use up to 20% Maschinenring Styria project part -
less seed, while also reducing ners Sepp Wumbauer, Mario Hutter
nitrogen fertilisation by as much and Markus Pichler, and JR project
as 9% and diesel consumption manager Hermann Katz (POLICIES).
Al-based management zone maps by 15%. Hermann Katz, head of
can be generated using the new soil the Data Analysis and Statistical
mapping tool.
= 3

BMland JR "\
@ecdax Oaaagaoch

On 15 January 2025, the Aus-
trian Interior Ministry (BMI) and
JOANNEUM RESEARCH signed a
cooperation agreement that \
eURR Péc@ax Oax cad@alel
long-standing and highly success -
ful partnership. Collaboration on a
number of joint projects, primarily

Uad ¢cU@ @Rx aU &@0edUci
derlines the outstanding success =
of their collaboration to date.

From left to right: Paul Fasching, Gerald Hesztera, Karl Srnec (all BMI ), Heinz Mayer,
‘RPgedaxg8 Ragad >0acU LAY %OA&AR »e¢cPa >pALB YV ADLEIUDE AN
(both JR) and Christian Kunstmann (BMI)

A\ 2 = 2 Y ol N O = A e
»BORcU CAOU »e0 A£ciaUO ¥E£¥
Healthtech game changers: held across two days at the
Medical University of Graz, Health Tech Hub (HTH) Styria 2025
UaOeexe@x a4 ¢cUB ROc@eaec¢ Oax adaee Be0OUcUAU xZéDdRAGAD:
world of health technology.

“Digital solutions, robotics and Ucee 40200800 deagaclagd Y L

regenerative medicine — three innovative digital applications that

important trends for the future support personalised medicine to

Y 040 UOéU4&AU O = UUaU O (oaqgtics-hased technologies and

pact on healthtech and bringing new regenerative-medicine ap -

about fundamental changes in proaches. Among the JR members

Ug0Rc000O&aDYa Déar0 U agattendingititednteractive health -

aging Director Heinz Mayer at the tech event were Silvia Russegger

opening of the event. JOANNEUM (DIGITAL), Franz Feichtner (HEALTH),
The schedule included networking RESEARCH is making vital contribu -  Michael Ploder (POLICIES) and
DEpIIES, o el 25 EP et tions in all of these areas through Lars-Peter Kamolz (COREMED).

and discussions.
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Developed under the EU’'s M.ERA.NET research network
programme, the KIDmicroBLOODpump — a miniatur -

ised centrifugal pump — is a groundbreaking and hig h-
ly promising project. The aim is to facilitate mini mal -
ly invasive procedures, and to make the design of t he

AAGE - O8cU OUOR UpOac Péda aadagd o
patients in particular. Researchers from MATERIALS are
involved in the project.

Every year, around 40,000 children are born with he art
defects worldwide. Many of them suffer life-threate ning
0aaaRU000c¢clade Ta4éTB4acUaaldbR Oacl OUOR U@Oacae O4 aUcB 4 caa
large and carry the risk of blood clots, as blood i s unable The technology was partially developed in Niklasdor f:
ca aé 44a804R1j CUUex Ue eUQA0 ¢UQ %% BldEapelHOagaalialoonr 605288 xPgaaelUclas >
Oaage Ua- O¢ UORU ¢U@ 2Uig au O4& OwhicR gré arodiited bR @atirgUn@térials&uch as pol y-
can be implanted through a small vascular opening, urethane and titanium alloys with layers of diamond -like
without the need for invasive surgery. The form of the ©0060&a0aa Y U0é@ 2=UUAU O0OacRi @audad@x ¢U0@
device has been specially optimised. It is produced UgO&cae UOZaadaaadbcUOURUCcIi COUx Uaadaéds
on a 3D printer before a surface coating is added. while also minimising the risk of blood clots.
"4l aedeaecUade:?
If you are looking for a reliable partner for your research project or would like

ca ax aec aa4dw 00aec aed ¢@OUAARAUUD Y aRP 0@ O@migOO¢ aed UdecUcecd:

Info CONTACT

Headquartered in Graz, JOANNE- As aresearch institute JOANNEUM RESEARCH

UM RESEARCH provides innovation backed by the public sector, Forschungsgesellschaft mbH
O0ax ¢cgOl4aaralil =@aéldgaelOMINE REFARCH plays a key

of applied research. Working as a role in identifying and generating Leonhardstrasse 59, 8010 Graz
research company on behalf of var- solutions for challenges facingso - +43 (0)316 8760

ious federal provinces and regions ciety, including climate change, en -

Ua "éecadUO0YVY aéd FéadacUaainlaigitat Gapgsformation, info@joanneum.at
development of our modern society mobility, civil and military security, www.joanneum.at

and economy — sustainably, and and social change.

always with a focus on people. A
multidisciplinary team working in
BdeUORD aecdeOcedPeae ¢0O¢c Uaec@ad Uaaaeod
tion, we always live up to the highest
2a000R O0ax ®@0U@acU O ecOaxOaxee|
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