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OBJECTI9E :

The HUNTED pUojecW (HeWeUogeneoXV mXlWi-VZaUmV of UNmanned aXTonomoXV V\VWEmV foU
miVVion Deplo\menW) aimV aW deVigning a QRYHO JHQHUDWLRQ RI PRELOLW\ PRGHOV IRU
KHWHURJHQHRXV PXOWL-VZDUPV RI 8QPDQQHG AXWRQRPRXV S\VWHPV (8AS) foU VXUYeillance and
WUacking of imminenW WhUeaWV.

SXch VZaUmV aUe compoVed of VeYeUal YehicleV moYing in an aXWonomoXV and cooUdinaWed
manneU in Whe aiU, on Whe gUoXnd, and in Whe Vea. Each of Whem can embed diffeUenW VenVoUV (e.g.,
Yideo, infUaUed, UadaU) enVXUing FRPSOHPHQWDULW\ and UHVLOLHQFH. While Whe UAS aUe condXcWing
WheiU miVVion in a fXll\ aXWonomoXV manneU, connecWiYiW\ Wo one oU mXlWiple baVe VWaWionV iV
opWimi]ed Zhich Zill enVXUe an efficienW and Ueliable collecWion of daWa foU fXUWheU poVW
pUoceVVing and deciVion making b\ Whe gUoXnd foUceV.

SXch V\VWemV aUe VWill pooUl\ deYeloped becaXVe of Whe inWUinVic difficXlW\ Wo obWain an efficienW
global behaYioXU Zhile Uel\ing on local deciVionV fUom diVWUibXWed and heWeUogeneoXV enWiWieV.

APPROACH:

The HUNTED pUojecW iV Whe fiUVW of iWV kind Wo e[ploiW Whe deWeUminiVm of chaoWic d\namicV and
adapWiYe clXVWeUing Wo cUeaWe a XniqXe coopeUaWion appUoach ZheUe enWiWieV commXnicaWe acUoVV
pheUomone mapV Wo bXild a V\QHUJHWLF DOOLDQFH beWZeen heWeUogeneoXV VZaUmV. E[Wending WhiV
Vcheme Wo UAS miVVionV XVing YaUioXV VZaUm behaYioXUV boUUoZed fUom naWXUe can XnleaVh an
LPPHQVH SRWHQWLDO foU innoYaWiYe and efficienW VolXWionV.
HUNTED inWUodXceV a claVVificaWion of heWeUogeneoXV VZaUmV of UAS aV a neWZoUk compoVed
of homogeneoXV VZaUmV eYolYing in Whe aiU, on Whe Vea and land. OXU GLVUXSWLYH PRELOLW\
PRGHOV aUe diYided in WhUee pUimaU\ claVVeV: InWeU-VZaUm leYel modelV, InWUa-VZaUm leYel
modelV, and Whe UelaWed NeWZoUking and CommXnicaWion modelV Zhich alVo coUUeVpond Wo WhUee
coUe ZoUk packageV of Whe pUojecW, WP2, WP3 and WP4 

Each leYel Zill be addUeVVed ZiWh innoYaWiYe meWhodV Vpecificall\ deVigned foU each claVV:

● WP2 - InWeU-VZaUm leYel modelV: BLR-LQVSLUHG DSSURDFKHV Zill be deVigned foU Whe
inWeU-VZaUm leYel ZheUe independenW VZaUmV VhaUe a YiUWXal UeVoXUce, i.e. pheUomoneV
map. The main objecWiYe iV Wo alloZ Whe UAS Wo deYelop collecWiYe behaYioUV in oUdeU Wo
VolYe a common pUoblem.

● WP3 - InWUa-VZaUm leYel modelV: CKDRWLF G\QDPLFV Zill be XVed Wo define mobiliW\
modelV Wo cooUdinaWe UAS in each VZaUm. The objecWiYe iV Wo haYe an DXWRQRPRXV DQG
IXOO\ GLVWULEXWHG DOJRULWKP WhaW peUmiWV Wo obWain XnpUedicWable \eW efficienW 8AS
WUDMHFWRULHV foU diffeUenW miVVionV. B\ XVing diffeUenW kindV of VZaUm foUmaWionV Uel\ing



on chaoWic d\namicV, UAS Zill deYelop diffeUenW e[ploUaWion abiliWieV Zhich iV UeqXiUed
conVideUing Whe poWenWial conWe[W eYolXWion.

● WP4 - NeWZoUking and CommXnicaWion: AGDSWLYH FOXVWHULQJ meWhodV Zill be deVigned
Wo pUoYide an opWimi]ed FRPPXQLFDWLRQ DQG QHWZRUNLQJ la\eU foU Whe inWUa- and
inWeU-VZaUm leYel. SZaUmV can diYide WhemVelYeV inWo VeYeUal VmalleU VZaUmV incUeaVing
Whe V\VWem¶V DGDSWLYH FDSDELOLWLHV and WhXV incUeaVing Whe miVVion VXcceVV UaWe.

ACCOMPLISHMENTS:
(ThiV ACCOMPLISHMENTS VecWion VhoXld deVcUibe conciVel\ Whe accomSliVhmenWV of Whe enWiUe
gUanWing SeUiod)

WP2: InWeU-VZaUm leYel modelV
● AWWUDFWRU BDVHG IQWHU-SZDUP FROODERUDWLRQS (ABISS) PRELOLW\ PRGHO [1]: ABISS haV

been deVigned foU impUoYing Whe VXUYeillance of UeVWUicWed aUeaV peUfoUmed b\ VeYeUal
homogeneoXV VZaUmV of Xnmanned aXWonomoXV YehicleV, e.g. Unmanned AeUial VehicleV
(UAV) and Unmanned GUoXnd VehicleV (UGV). The ABISS model paUameWeUV, inclXding
Whe collaboUaWion ZillingneVV, haYe been fiUVW VWXdied XVing a VWaWe-of-Whe-aUW VenViWiYiW\
anal\ViV meWhod (i.e., MoUUiV) and When opWimi]ed XVing a dedicaWed eYolXWionaU\
algoUiWhm (EA). The obWained configXUaWionV peUmiWWed Wo impUoYe Whe coYeUage of Whe
VXUYeillance aUea, Zhile alVo pUomoWing collaboUaWion beWZeen VZaUmV.

● MXOWL-VZDUP FKDRWLF PRELOLW\ PRGHO [3]: The VXUYeillance V\VWem haV been e[Wended Wo
a mXlWi-VZaUm one ZheUe UAVV, UGVV and UMVV collaboUaWe Wo achieYe eaUl\ deWecWion
of eVcapeUV fUom a UeVWUicWed aUea. A neZ chaoWic mobiliW\ model called CROMM-MS
(ChaoWic R|VVleU MobiliW\ Model foU MXlWi-SZaUmV) ZaV inWUodXced. A neZ CompeWiWiYe
CoeYolXWionaU\ GeneWic AlgoUiWhm (CompCGA) ZaV deVigned Wo opWimiVe Whe YehicleV¶
WUajecWoUieV aV Zell aV Whe  eVcapeUV¶ eYaVion abiliW\ XVing a pUedaWoU-pUe\ appUoach.

WP3: InWUa-VZaUm leYel modelV
● BD\HVLDQ RSWLPL]DWLRQ WR VHOHFW RRVVOHU V\VWHP SDUDPHWHUV XVHG LQ WKH CKDRWLF AQW

CRORQ\ RSWLPLVDWLRQ IRU CRYHUDJH (CACOC) PRELOLW\ PRGHO [2]: EYalXaWing a Vingle
paUameWeU configXUaWion of CACOC iV compXWaWionall\ YeU\ demanding. We haYe WhXV
inYeVWigaWed Whe XVage of a VXUUogaWe-baVed opWimi]aWion meWhod Uel\ing on Ba\eVian
opWimi]aWion Wo efficienWl\ e[ploUe Whe paUameWeU Vpace of Whe RoVVleU V\VWem foU
CACOC, in oUdeU Wo impUoYe Whe UeVXlWing aUea coYeUage peUfoUmance of Whe VZaUm. The
Ba\eVian opWimi]aWion peUmiWWed Wo obWain CACOC paUameWeUi]aWionV WhaW impUoYe Whe
Vpeed of coYeUage of Whe UAV VZaUm compaUed Wo Whe pUeYioXVl\ e[iVWing configXUaWion
baVed on e[peUW knoZledge.

● EQKDQFHG IQWUD-OHYHO FRRUGLQDWLRQ XVLQJ FRRSHUDWLYH HYROXWLRQDU\ WHFKQLTXHV [9] : a
VeW of paUameWeUV, namel\ pheUomone amoXnW, pheUomone UadiXV, and pheUomone Vcan
depWh, haV been defined Wo incUeaVe aUea coYeUage Zhen Whe UAVV aUe peUfoUming



VXUYeillance WaVkV. Each UAV paUameWeU haV been opWimi]ed independenWl\ XVing a
Vpecificall\ deVigned CoopeUaWiYe CoeYolXWionaU\ GeneWic AlgoUiWhm (CCGA).

● CROODERUDWLYH/CRPSHWLWLYH CRHYROXWLRQDU\ OSWLPL]DWLRQ RI D PUHGDWRU-PUH\ PRGHO :
bXilding Xp on Whe opWimi]ed paUameWeUV, Ze haYe pUopoVed a PUedaWoU-PUe\ model Wo WeVW
oXU VXUYeillance V\VWem in a moUe UealiVWic VcenaUio ZheUe noW onl\ Whe aUea coYeUage
maWWeUV bXW alVo Whe abiliW\ of Whe VZaUm Wo deWecW inWUXdeUV. To WhiV end, Ze haYe defined
an inWelligenW inWUXdeU (pUe\) model Wo aYoid UAVV (pUedaWoUV). The UAVV¶ configXUaWion
haV been opWimiVed XVing a Vpecificall\ deVigned coopeUaWiYe coeYolXWionaU\ geneWic
algoUiWhm (CCGA) [7]. The ne[W VWep of Whe VWXd\ addiWionall\ opWimiVed Whe inWUXdeUV
model b\ peUfoUming compeWiWiYe WoXUnamenWV foU WUaining and WeVWing oXU VpecimenV [8].
Finall\, Ze haYe impUoYed Whe compeWiWiYe appUoach b\ deYeloping Whe CompeWiWiYe
CoeYolXWionaU\ GeneWic AlgoUiWhm (CompCGA) [5].

● CONFHQWULF SZDUP POELLLW\ PRGEO (CONSOLE) [4]: WhiV neZ VZaUm-baVed
VXUYeillance V\VWem aUUangeV UAVV in concenWUic VecXUiW\ UingV and XVeV VolXWionV of
chaoWic V\VWemV aV Zell aV YiUWXal pheUomoneV Wo impUoYe eaUl\ inWUXdeU deWecWion. An
EYolXWionaU\ AlgoUiWhm (EA) ZaV Vpeciall\ deVigned and WXned foU opWimiVing
CONSOLE'V paUameWeUV and iWV beWWeU peUfoUmance Whan fiYe VWaWe-of-Whe-aUW mobiliW\
modelV, namel\ MAMM, MAMM2, CROMM, CACOC, and CACOC+.

● GDPH-WKHRUHWLFDO VZDUP PRELOLW\ PRGHO [6]: Whe SXS\-EnGaD model iV a VXUYeillance
V\VWem enhanced b\ gameV of dUoneV. IW iV baVed on coopeUaWiYe UAVV WhaW e[ploUe Whe
aUea of inWeUeVW aUUanged in concenWUic UingV (i.e., Uel\ing on Whe CONSOLE model). IW
feaWXUeV a compUomiVe beWZeen ma[imXm fl\ing Wime (moVW UAVV in Whe inneUmoVW Uing)
and ma[imXm aUea coYeUage (a VmaUW VWUaWeg\ Wo fl\ b\ diffeUenW UingV accoUding Wo each
UAV¶V baWWeU\ VWaWe). ThUee diffeUenW appUoacheV haYe been inWUodXced and WheiU
paUameWeUV opWimiVed XVing mXlWi-objecWiYe geneWic algoUiWhmV in oUdeU Wo obWain Whe beVW
VWUaWeg\.

WP4: NeWZoUking and CommXnicaWion
● A geneWic algoUiWhm (GA) ZaV pUopoVed Wo RSWLPL]H WKH H[FKDQJH RI SKHURPRQH PDSV

XVed in a noYel paUameWeUi]ed YeUVion of Whe CACOC (ChaoWic AnW Colon\ OpWimiVaWion
foU CoYeUage) mobiliW\ model named CACOC+ . E[peUimenWV haYe been condXcWed XVing
UealiVWic VimXlaWionV, Zhich alVo peUmiWWed Wo aVVeVV Whe impacW of packeW loVV UaWioV on
Whe V\VWem¶V UeliabiliW\ and aUea coYeUage peUfoUmance. IniWial UeVXlWV haYe been pXbliVhed
aV a VhoUW papeU in [11] and Whe final e[peUimenWV aV a fXll papeU in [12].

WP5: ValidaWion
● HLJK-OHYHO VLPXODWLRQV: a VimXlaWion model called HXnWed-Sim and iWV YiVXali]aWion

enYiUonmenW haYe been deYeloped Vpecificall\ foU Whe pUojecW. IniWiall\ baVed on P\Whon
and When poUWed Wo C++, iW peUmiWV Wo implemenW diffeUenW mobiliW\ modelV XVing alVo
diffeUenW W\peV of YehicleV. PheUomoneV, aWWUacWoUV, aV Zell aV inWUXdeUV and colliVion
aYoidance algoUiWhmV aUe alVo inclXded. HXnWed SIM haV alVo been e[Wended Wo



mXlWi-VZaUm V\VWemV. An aUWicle on Whe HXnWed SIM and Whe diffeUenW UAS VZaUming
mobiliW\ modelV iW inclXdeV haV been accepWed and pUeVenWed in [10].

● RHDOLVWLF VLPXODWLRQV: RealiVWic VimXlaWionV haYe been condXcWed XVing Whe mXlWi-ph\VicV
UoboW VimXlaWoU ARGoS Zhich peUmiWV Wo accXUaWel\ VimXlaWe Whe UAS ph\VicV bXW alVo
Whe daWa WUanVmiVVion model. E[ampleV of HUNTED VimXlaWionV aUe made aYailable on
Whe pUojecW ZebViWe (hWWpV://hXnWed.gfoUge.Xni.lX/UeVXlWV.hWml).

CONCL8SIONS :

The HUNTED pUojecW haV UeVXlWed in Whe deVign and YalidaWion of VeYeUal noYel mobiliW\
managemenW algoUiWhmV foU boWh inWUa and inWeU VZaUm mobiliW\ managemenW foU UAS. TheVe
modelV Uel\ on diffeUenW XniqXe combinaWionV of naWXUe inVpiUed (pheUomone-baVed), chaoWic
d\namicV and game WheoU\. EmpiUical eYidence of WheiU beWWeU peUfoUmance Whan Whe
VWaWe-of-Whe-aUW appUoacheV haV been pUoYided on VXUYeillance and deWecWion/WUacking XVe caVeV
XVing high-leYel and/oU UealiVWic VimXlaWionV.

SIGNIFICANCE : The HUNTED pUojecW haV demonVWUaWed WhaW iW iV poVVible Wo deVign
efficienW diVWUibXWed behaYioUV foU (mXlWi-)VZaUmV of UAS foU VXUYeillance and WUacking miVVionV
WhUoXgh a fiUVW of iWV kind inWegUaWion of VWaWe-of-Whe-aUW VolXWionV: bio-inVpiUed appUoacheV,
chaoWic d\namicV and game WheoU\.

PATENT INFORMATION : No paWenW haV been filed.

A:ARD INFORMATION :
● PUomoWed Wo Whe 8QLYHUVLW\ RHFWRUDWH (RecWoU, Vice-UecWoU foU ReVeaUch and Dean of Whe

FacXlW\) and bUoadeU aXdience. ThiV inclXded a YiViW of DU. A\odeji CokeU, DU. PUedUag
MilojkoYic and LW. Col. Shad Reed aW Whe UniYeUViW\ on OcWobeU 16, 2018. The YiViW ZaV
folloZed b\ a neZV aUWicle on Whe UniYeUViW\ ZebViWe:
hWWpV://ZZZfU.Xni.lX/fVWm/acWXaliWeV/pUeVWigioXV_aZaUd_fUom_XV_naY\

● PUomoWed aW Whe IQWHUGLVFLSOLQDU\ CHQWHU (SQT) OHYHO and bUoadeU aXdience Yia a neZV
on Whe SnT ZebViWe:
hWWpV://ZZZfU.Xni.lX/VnW/neZV_eYenWV/VnW_dUone_Weam_ZinV_pUeVWigioXV_XV_naY\_aZaUd

● A H8NTED SURMHFW ZHEVLWH haV been cUeaWed and XpdaWed dXUing Whe pUojecW. IW
pUoYideV infoUmaWion on Whe pUojecW goalV, membeUV, UeVXlWV, pXblicaWionV and
pUeVenWaWionV : hWWpV://hXnWed.gfoUge.Xni.lX

● All 11 pXblicaWionV and confeUence/Weam pUeVenWaWionV UefeUUing Wo Whe HUNTED pUojecW
acknoZledge Whe UeceiYed aZaUd.

https://wwwfr.uni.lu/fstm/actualites/prestigious_award_from_us_navy
https://wwwfr.uni.lu/snt/news_events/snt_drone_team_wins_prestigious_us_navy_award
https://hunted.gforge.uni.lu


P8BLICATIONS DQG ABSTRACTS (foU WoWal peUiod of gUanW) :

ToWal of ILYH DFFHSWHG MRXUQDO DUWLFOHV DQG VL[ LQWHUQDWLRQDO FRQIHUHQFH DUWLFOHV Zhile one
joXUnal aUWicle and WhUee confeUence aUWicleV ZeUe iniWiall\ WaUgeWed. One addiWional joXUnal iV
XndeU UeYieZ.
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