1 SYSTEM AND METHOD FOR REFUELI NG UNMANNED GROUND VEHI CLES FI ELD OF
THE | NVENTI ON 5[ 001] The present invention relates to a system and
nmet hod for refueling unmanned ground vehicles. Mire particularly, the
invention relates to a systemand nethod4for refueling a plurality of
unmanned ground vehicles by optimzing the refueling schedule. 10
BACKGROUND COF THE | NVENTI ON [ 002] Unmanned ground vehicles ("UGVs")

have been actively devel r t PV L.]jitary use to
performdull, dirty and %g@@@@ﬂﬁ&%é%%ﬁ*bﬁy pur poses,
UGVs have been used for perfiyiN@ANNED GROUND VAEWIGIGaE | ons, such as
for reconnai ssance, surveillance, or conbat m ssions, or 15 for

expl osi ve ordnance di sposal (ECD). For civilian purposes, the range
of applications includes nonitoring weather conditions, border

patrol s, ang,p i f rcial usage such as harvesting crops,
as well as %|E|[‘|9L5[l'ﬁ4|—?é I\?VER].? [003] Currently, UGV power sources

b ' i f fuel, h b I -acid i - Cad .
bat teri o8, BTl THBLReSHY DAl o Claor foR Serea e ISIEobaar debiefing
terrai n whi gRrmighneasgrousd veBRIENAVBRCBA/BLRI(T Bl iBYSRRIrereldtbs kS a system
trenches, sand, gravel, etc.), power limtations can cause

si gni fi cant apdimethodifeyrafdelingsa pharaktyi afpmmanmiadyground vehitles hy @pémdizing
range of di an travel is inpacted by power or fuel
limtati onsm%qﬁ%ﬁjé,écq%begner al, the operational runtinme of UGVs

can be estimated based on the power capacity, unstructured and
uncertain terrain may affect the estinmated operational runtinme. 2

10 BACKGROUND OF THE INVENTION

[002] Unmanned ground vehicles ("UGVs") have been actively developed for
both civilian and military use to perform dull, dirty and dangerous activities. For
military purposes, UGVs have been used for performing a range of
applications, such as for reconnaissance, surveillance, or combat missions, or
15 for explosive ordnance disposal (EOD). For civilian purposes, the range of
applications includes monitoring weather conditions, border patrols, and
industrial or commercial usage such as harvesting crops, as well as rescue

operations.

20 [003] Currently, UGV power sources may be a combination of fuel,
rechargeable lead-acid or Ni-Cad batteries, or lithium ion batteries or fuel cells.
As UGVs operate in terrain which is unstructured and uncertain (for example,
hills, trenches, sand, gravel, etc.), power limitations can cause significant
reliability issues. More importantly, the endurance and range of distance a
25 UGV can travel is impacted by power or fuel limitations. Although, in general,
the operational runtime of UGVs can be estimated based on the power
capacity, unstructured and uncertain terrain may affect the estimated

operational runtime.



[4] To circunvent the reliability issue in the range and endurance of
the UGYs, real tine nonitoring systens of the power |evel of UGVs
have been inplenented. The status of the power level is transmtted
to a base station which will subsequentby either recall the UG/ back
to base for refueling or 5 recharging or have the UGV continue with
the mssion. Wien a UGV is unable to return back to base in tinme for

rechar gi ng [@y4]r %Ué?i'réﬂiﬁveﬁth&eU@ﬁabﬁtya%%ﬂéoiﬂ%ea%@ BeR! arrRiEe YEVhe
is further ‘deployed to continue with the mssion. Tinme is therefore

wast ed whedlGYie ©aV tieg menifosingr systeme afetheopowet IevehiohdJGYe havs) been

that the VIRPRGREE SHRL oy ol ipd RS ' Foddr o ct Ry HaeoH
and ref uel whch ManewBseqhdntly bitissrepsed theeUm\olabk | tot yagd féheethelirdy or
station _being conprom sed in reconnai ssance or_surveillance m ssions.

15 [ 6] > Th&e@argingididiavedhe U@V resgnuewith thetRisgiosr: \Whepsa UM isainable

provi des a I dyl.L.LAg: i : ]

br obl ems. AR ar bl PaEE Ve e b Tm e e aRinG o oA RRHG, MY OV e
devi ces, aabandondchawdea gepianetens LKp¥ds ffudhén deploged riol engidutowith the
expl ain the .cantexg. of the ipvention., It shrgél t be taken as an
admi ssi on {TH&¥CBny!H1€ {HESE ?i"éﬁ’&?‘ér“}‘&e’ht ,Lfleﬂﬁquhgo §‘%a{é!ffét%i’atsﬁéc°r
art or they Rggeneral know edge in the relevant art anywhere on
or before the priority date of the disclosure and clains herein. All

statenmppts as to the 25 date or representation as to the contents of
t hese docunents is based on the information available to the

correctnes OBy ThEouResER B base s R IUEEGRER IS denyei o
THE | NVENTEENhRO@8 UGV$E snay bebpelet tootettifte tdibasenh timy edt irechdrging and
overcone, or_at |least substantially aneliorate, the di sadvantages and

shor t coni ng&UBING-hepwevr, i incfasssp e pobablily ah thbjhase Higlion daioe
a method apgnR¥ShRBdfiRret&iHdmddMBe or surveillance missions.

15

[008] There is, therefore, a need for a method or a system that provides an
optimal scheduling for recharging UGVs without any of the problems described

above.

20 [007] Any discussion of documents, devices, acts or knowledge in this
specification is included to explain the context of the invention. It should not be
taken as an admission that any of the material forms a part of the state of the
art or the common general knowledge in the relevant art anywhere on or before
the priority date of the disclosure and claims herein. All statements as to the

25 date or representation as to the contents of these documents is based on the
information available to the applicants and does not constitute any admission

as 1o the correctness of the date or contents of these documents.
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unmanned ground vehicles. [10] It is a further object of the
invention to provide a systemand nethod for refueling a plurality of
unmanned ground vehicles by optimzation. [11] Oher objects and
advant ages of the present invention wllgbeconme apparent fromthe
foll owi ng description, taken in connection with the acconpanyi ng
drawi ngs, wherein, by way of illustration and exanpl e, an enbodi nment
of the pres@BJHCVSOHF PREH NENTIGded. SUMVARY OF THE | NVENTI ON [ 12]
According to the present invention, there is provided a system for

opti m zi ng [d%]fﬁft!a?'dm%t?éctaomtbléabré@énf’fmUQﬁtﬁﬂﬂﬁtQ eowaﬁné/ebt Cdteeast
(UGVs) conprising a nodul ar sensing unit nounted on each

plural ity ofubgtestially aelierete, shadisedvanisges anguihostcpatings th@es:trmr iadh.
The nodul ar sensing unit conprises (a) a power supply sensor, (b) a

| ocation sensor, and (c) a transceiver for obtaining and transnitti ng
power supply levels and | ocations of each UGY. The base station has a
processof t [DO%RCHi i\sealsh)e apovkfecs upp byoidy ed smethddt hed! systéimofsr eéfueling
each of the pluralit U% and to determ ne the 25 power supply

| evel and tHgmélnE‘?g %U'H%V 6¥St he base station and the UGV for each
UGV. The nobile refueling station is capable of refueling a UG/ at a
predeterm ned | ocation. The base station processor determ nes a
refueling protocol. 4 [13] In one enbodi nent of the invention, a
system f or BP0l nitas agurther objegtbf the ioventigpt to pfavide sfsyatem@anddngthodrfar

havi ng & monarCaRLAEY i rmanaeBsotbR st o SEERERRG N t
conpri std;g (a) a power supply sensor, 5 (b) a location sensor, and

(c) atransmtter coupled to said power supply sensor and said

| ocation sensor, for receivi n% and transmtting a power supply |evel
and a | ocat Id] oPtheicRbigel and advantaggs ofstha |Pﬁ$ﬁ%v'ﬁi°i@n@f’f |W'§tb900me

recei ver fOé%elsa%ﬁ; VB tthgaﬁwmgue@gxn&%'t h te CoRRBLEAT fhih the

each of the ura rocessor cou
accompanymg drawings, wherein, by way of illustration and example, an

embodiment of the present invention is disclosed.

SUMMARY OF THE INVENTION

[012] According to the present invention, there is provided a system for
optimizing the refueling of a plurality of unmanned ground vehicles (UGVs)
comprising a modular sensing unit mounted on each of the plurality of UGVs, a
20 base station, and a mobile refueling station. The modular sensing unit
comprises (a) a power supply sensor, (b) a location sensor, and (c)} a
transceiver for obtaining and transmitting power supply levels and locations of
each UGV. The base station has a processor to receive the power supply
levels and the locations of each of the plurality of UGVs and to determine the
25 power supply level and the distance between the base station and the UGV for
each UGV. The mobile refueling station is capable of refueling a UGV at a
predetermined location. The base station processor determines a refueling

protocol.



10 to the receiver for storing the power supply levels and for

determ ning the di stance between the base station and the UGV, for
each UGV, and a transmtter coupled to said processor; and

a nobile refueling station capable of rgfueling a UGV at a
predeterm ned | ocation, said nobile refueling station having a second
15 receiver for receiving commands from said processor,

wher ei n t he0{B}sen shatdrfbdmeAEsSPle iBeSaIcH, 8SsyeRTERdSHtindizingahd reRRlihg
refueling station based upon a refueli ng? protocol. [14] In another
e

enbodi nent 068 RAUikt dfrirspanngd gipvedtvebicles HéChaseompESe®n 20

initiates the deploynment of the nobile refueling station when the
power supply | evel aoplusalivd\ofr eHsVies eachi IG\edwvintgam angutdae tsensingednit

| ower val ue ar}g t he ﬂ}i?stan bet ween tEe UGV. and .t he base station is
equal to or gf'e¥EaR {MFAA ”E%re%f’é’rsé'?%ﬁ FURURNT 58 ¢ Pasyer sHRRly sensor,
anot her SGHbOdIT(IﬁPQtIo@éticfh s¥8sAMaAl (E:?"% iraNsfieProupkel # saigt SHwEMEGhply
| oner val ue of the power supply of the UGV is in the range of from

about 10% to &BBERr 209o%Hd tiheationt aenFBwder BSHININY Eind HansiBilting 1 powsT

In yet anot hegaﬁg{?/qgi/ég%@tgt%g%ﬁ?%?E%%}Qbé\pe i nvention, the

pr edet er m ned anc and 'the base station is in the

erbodi nent of & sy B BCCRERAL NeYTens fev e fveb i ebe R RL Rerr e Rty

the | ocation {&/elaatae ditibRkfleachelfyied pngamyaﬁlumv@,a@gﬂ%det%ﬁar %&C\;Vﬂaled
e :

power supply readings of other UGYs within the vicinity o L
[18] | AOyet atiereeaitidprreiaringfthe roweesntly denels andfor datereiring the

power 10 supp e r G 1.4 b i .CLRi
UGV are each \lc,jm}'stt%]rfé’ne %) %te\ﬁé%ig@e g:;ar% r%t%%/@o%ﬂot l%é]t'“%)(g\a?lbgdurt Ja%Bﬁ/o)uo t%@a a
total power stppbmittdr cpapledito ddid peddessot)@visl.

a mobile refueling station capable of refueling a UGV at a

predetermined location, said mobile refueling station having a second

15 receiver for receiving commands from said processor,

wherein the base station processor generates commands for said

mobile refueling station based upon a refueling protocol.

[014] In another embodiment of a system of the invention, the base station
20 initiates the deployment of the mobile refueling station when the power supply
level of a UGV reaches or is less than a predetermined lower value and the
distance between the UGV and the base station is equal to or greater than a

predetermined value.

25 [015] In yet another embodiment of a system of the invention, the
predetermined lower value of the power supply of the UGV is in the range of

from about 10% to about 20% of the total power supply of the UGV.



[19] In yet another enbodi nent of a systemof the invention, the base
station 15 wll activate a refueling tanker to the UGV when the power
supply level of the UGV reaches a predeterm ned | evel and the UGV is

greater than a predeterm ned di stance frgmthe base station.

[20] In yet another enbodi nent of a systemof the invention, the base
station 20is nobile. [21] In yet another enbodi nent of a system of

the inventi[@i6]the y&f uglotimgr pimbodinlents of uht kesteet of mheednbastrsh, Othe
m ssion configuration of the %Iaurality of UG/s. 25 6 [023]. In yet
anot her enbBfdeipMiBed &“%%%ft‘% wreamiie Hiehandfhe pree [Arelsdavee range

refueling s i ther hSes at |least a battery cartridge for
rechar gi ng %ﬂtbﬁﬁﬁ£ﬁgngfﬁfﬂpﬁb¢§? anot her enbodi nent of a system of
the invention, the nobile power refueling station further conprises a
gl obal positioning sensor for determning its |location data. [ 25]

In yet ot her,. enbodi nent of ystem,of the inyention, th bi | ,
Lopover § of QO nB et AT e BRGNS i stm U eolen el frder fatien
for transm géiehailcaCiel IBBatiH & HeplRahBanshid Afullihg statbbAthaded ¥Sdn the
anot her enbodi nent of a system of the invention, the nobile power

refuel i ng spewebBUBRIY rérdingsapotnes sl GQVelvitkimigesdeisity of e dGMVdi ng t he
UGV 15 to a docking station for recharging the power supply of the
UGV. [27] In yet another enbodi nent of a system of the invention,
the nobil e power refueling station further conprises shock absorbing
means on th@1ekt kr et aobtHdreembbdiphemtgos bakistat of whi hiatantbradier pewer
shockstotherefuelin? o o
10 supply levels of the other UGVs within the vicinity of the UGV are each within
the range of from about 10 to about 50% of the total power supply of each of

the other UGVs.

[019] In yet another embodiment of a system of the invention, the base station
15 will activate a refueling tanker to the UGV when the power supply level of the
UGV reaches a predetermined level and the UGV is greater than a

predetermined distance from the base station.

[020] In yet another embodiment of a system of the invention, the base station

20 is mobile.

[021] In yet another embodiment of a system of the invention, the refueling
protocol is further determined based on mission configuration of the plurality of
UGVs.

25

[022] In yet another embodiment of a system of the invention, the mobile

refueling station is sent to a predetermined location by an aerial vehicle.



20st ati on upon | anding on ground. [28] In yet another enbodi nent of
the invention, a nethod for optimzing the refueling at |east one of
a plurality of UGVYs conprises: obtaining power supply levels of each
of the plurality of UGVYs; 25transmtting the power supply |evels of
each of the plurality of UG/s to a base station; obtaining |ocations
of each of the plurality of UGVs; transmtting the | ocations

of each of ppg phufetl ddothef eH@é‘iﬂir}bgpi be @%?@teﬁi aﬁitﬁéiin@@ﬂionz the mobile

determ ning a refueling protocol one of said plurality of UGVs

based upon powerr eafeeNngd shaliosy futibel wonuvises ahdeasicat batiervocagsgae ofor

said UGVs. anot her enbodi nent of a nethod of the
I nventi on, rgdg%éﬂgethgeqﬁgl ing station for a UGV is depl oyed based on

t he power supply levels and the di stances between the UGVs and the
base station. [030] In yet another enbodi nent of a nethod of the

i nvention, the nethod 10 further _con{)ri ses determ ning the refueli ng
prot ocoP byO4d: ilvafet pather gapiasiment obra sietempislItee  Breliom ghet BobaR

when t he a ; ' S ;
b edet o i Goudh Gl MERA! HUAHOC CoRMRls HPBIoba! BiRidily Sgensor for

determining its location data.

[025] In yet another embodiment of a system of the invention, the mobile
10 power refueling station further comprises a communication interface for

transmitting location data to the base station.

[026] In yet another embodiment of a system of the invention, the mobile
power refueling station further comprises a docking sensor for guiding the UGV

15  to a docking station for recharging the power supply of the UGV.

[027] In yet another embodiment of a system of the invention, the mobile
power refueling station further comprises shock absorbing means on the
exterior of the refueling station to withstand adverse shocks to the refueling

20  station upon landing on ground.

[028] In yet another embodiment of the invention, a method for optimizing the

refueling at least one of a plurality of UGVs comprises:

obtaining power supply levels of each of the plurality of UGVs;
25 transmitting the power supply levels of each of the plurality of UGVs
to a base station;
obtaining locations of each of the plurality of UGVs;
transmitting the locations of each of the plurality of UGVs to the base

station; and



15 [031] In yet another enbodi ment of a nethod of the invention, the
met hod further conprises determning a |ocation for the nobile
refueling station, the location of the nobile refueling station

depl oyed determ ned bei ng based upon theypower supply |evels of other
UGYs within the vicinity of the UGY. 20 [032] In yet another

enbodi mrent of a nethod of the invention, the predeterm ned power

supply level of thed&@vniringvd héfoelife pretogel ffr diedf additplh@lityooARIBN s
20% of the power pply of the UGV. [033] In yet another enbodi nent
of a method of P @?@lpﬁﬁ}%r‘ﬁ‘? @Pe"(%pQ‘H%%@Ié’VéWﬁ'%@Gdd%Qt@rﬁ’@éJ Ao said
t he UGY and thgj Ad@se station is within the range of fromabout 2 to
about 10 km range of from about 10 to about 50% of the total

power supply of each of the other UGVs. [35] In yet another

enbodi nment t hod of the invention, the further
Commet och ol Tyt hrind Bmpaciniear o & thetodvonibe Mveniaay a mobile
reaches a pf@“@@ﬁrﬁj 8iR6H f@P‘éﬂJG@U@Rﬁébléy%éﬁba?élﬂth{h@Wéi% R [3BBCand

of the predeterm™ned di stance between 1he and the base st'ation.

[ 36] | n yet thendistancee biebueereite UGVcsamiﬂrteobaﬁe stationnventi on, the base
station 10is nobile. [37] In yet another enbodi nent of a nethod of
the invention, the refueling protocol is further determ ned based on
m ssion configuration of the plurality of UG/s. 15 [38] This

“invention npBoRl BpybE apathdrsrabddivhdre sfonshsthotinoft the Paehion etrRMBIEiRod
and features referred to or indicated in the specification of the
appl i catG onfurthedi ¢PEWAISES &ef%rmlnléet itha| yefughag aﬁgptgpolamy activating the

combi nati ongeabyhs L8P B MBI oA PRIdiRN SURIPMIR UalPRbules -

and where specific integers are rren herei n ave nown
equi val ent spicuetdrenined powmhisﬂprﬂw \%ﬁluevendil an predeteesinedudistdmmmnvalue

ggtji }/glr;aﬂt Sbgtgfveee% t%nWGb detherb %reps(%atat ed herein as if individually

15  [031] In yet another embodiment of a method of the invention, the method
further comprises determining a location for the mobile refueling station, the
location of the mobile refueling station deployed determined being based upon
the power supply levels of other UGVs within the vicinity of the UGV.

20 [032] In yet another embodiment of a method of the invention, the
predetermined power supply level of the UGV is within the range of from about
10 to about 20% of the power supply of the UGV.

[033] In yet another embodiment of a method of the invention, the
25 predetermined distance between the UGV and the base station is within the
range of from about 2 to about 10 km.

[034] In yet another embodiment of a method of the invention, the power

supply levels of the other UGVs within the vicinity of the UGV are within the



BRI EF DESCRI PTI ON OF THE DRAW NGS 25[039] In order that the invention
may be better understood and put into practical effect, reference

w Il now be nade to the acconpanying drawings, in which: 9 [40]
Figure 1 is a block diagramof an enbodignent of a base station in
accordance with the present invention; [41] Figure 2 is a bl ock

di agram of an enbodi rent of a nodul ar sensing unit 5 of an unmanned

ground vehirghge oEE¥ bBoaCtOREABRat WO of B RIAISEMel SN 'O‘P'éach[cﬁzﬂwe
Figure 3 is a flow diagram show ng the nethod of optimzing t

refueling ®ther Ybisal ity of UGYs; 10 [43] Figure 4 is an
illustration of a network formation of UG/s in a defense nission or
situation; [44] Figure 5 is a perspective view of a nobile
refueling station (MRS) in 15 accordance with an enbodi nent of the
present i P\[mﬁf]i dx:ﬂ;yet [agﬁalheﬁi gubedingrs cgf aLMethddemf thd irstangibnnehd hesthod
process_o reueln etween a UGV and the MRS; 20[ 04 ure 7 is.a
pl an vi éw ifWIReEN P%’P%H@eﬁ (FIERIRYORG & rafuefiag Jénkﬁgt%é{’@\éiéVaW en the UGV

reaches a predetermined power supply level and is outside the range of the

predetermined distance between the UGV and the base station.

[036] In yet another embodiment of a method of the invention, the base station

10 is mobile.

[037] In yet another embodiment of a method of the invention, the refueling
protocol is further determined based on mission configuration of the plurality of
UGVs.

15

[038] This invention may also be said broadly to consist in the parts, elements
and features referred to or indicated in the specification of the application,
individually or collectively, and any or all combinations of any two or more of
said parts, elements or features, and where specific integers are mentioned

20  herein which have known equivalents in the art to which this invention relates,
such known equivalents are deemed to be incorporated herein as if individually
set forth.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [039] In order that the invention may be better understood and put into
practical effect, reference will now be made to the accompanying drawings, in

which:



UGY and the MRS. 10 DETAI LED DESCRI PTI ON OF THE | NVENTION [47] The
present invention will now be described in detail in connection with
preferred enbodinents with reference to the acconpanying draw ngs. 5
[48] The present invention relates to a gystem and nethod for

optim zing the refueling of unmanned ground vehicles (UGYs). UGVs are
aut ononous vehicles, with humans baseling their actions or directly
over seei ng (0]t ARjuréal i@nd HiBdks HRIyrami eNbAdeRBBaIh &S of HOBhSe rRATE in
| ocation. UGVYs include a wide 10 range of sizes, types, capabilities
and pot ent i 8FcHPpNFe #Mithdhe ragserdivenyipical |y powered by a

non- petrol eum power pack, such as batteries or a fuel cell. The power
pack supplies energy to drive the notor of the UGV, which in turn
transfers power to the UGV to performits intended use. For the
reliabl e opf¥dii Biguod 2USdshloth &iagramoefiaamemiodémenigyf s ntbdudavesensirapenit

in UGYs |s 1pcritical for operatiognal us 49] Figure 1 is a block
di agram%hoﬁf 0 TGRS rAIRENG T ValiBiRs G I rAoRrdion 26k ithg prgsent
when they ajgehfioptse. Base station 10 includes a processor 12 and a

wi rel ess transceiver 22. Processor 12 includes a central processing
20 unit (CPU) (not shown) and may be a printed circuit board or a
processor executing a set of programinstructions stored on a

L o Pl 395 b e SRR R SHER DA B o
medi um or idigeliidkér. a PlupgiRg80UGs;can be a handhel d device or a
conventional conputer such as a PC running on 25 an appropriate

operatiyng system Processor 12 executes conpatible instructions or
software stored in nmenory 18.

[043] Figure 4 is an illustration of a network formation of UGVs in a defense

mission or situation;

[044] Figure 5 is a perspective view of a mobile refueling station (MRS) in

15 accordance with an embodiment of the present invention;

[045] Figure 6 is a side view illustrating the process of refueling between a
UGV and the MRS;

20 [046] Figure 7 is a plan view illustrating the process of refueling between a
UGV and the MRS.



11 processor 12. Wreless transceiver 22 allows a plurality of users
to access the same comuni cation nmediumto transmt and receive
information fromthe UGYs. The use of conmunication techniques for

t he purpose of this invention is knowm.f a person skilled in the art
and wi Il be understood by person skilled 5 in the art to be any
enabling technol ogy for the purpose of transmtting and receiving
information wirelessly. Sonme of these conmunication techni ques may

i ncl ude FDVA (frequency Division NUItipIe Access), TDVA (Tine

Di vi si ' i ltiple A ,
Covi (cpae HFTRLECBRSERITIONOE THE | Base station 10

i ncl udes a ications. npdul ni ¢ tlons ule 16
ncl ude a 8044 dhe s YR EM @a%\g"qméew o B IR h Eoedh with
si gnal s or pratbaedRineRdinRaed Wﬁtﬁ réfePsndd® th RLesD ahyiagiraWireys.
Conmuni catl ons nodul e 16 contains a radio (not shown) for processing

the 15 sincom ng signals and stores the incom ng signal or
information in the formof data in a data nodule. [52] A display

t 19 f '
uni pr?yd,gj 33)@%6 re?QTIM%SI%@atbgttgr 2 sferh Uncmld dﬁi?@?ﬁﬁ%‘?%;\he

station 10°di evant paraneters or critica
for the useeafuemgszpenfrmnmdagkmndAwehm (deMxe (tﬂl@t/sshm/vre)utsmwnous

et ruct | oNEnEko YiroRuBedy beselhy kg acarontisentl 4 hesiBau8 toctica

station 10 aﬁ@rﬁﬂ%%xohooﬂiﬁrﬂé@%%hbb%ré ROATLNGnfAL dodARRl Vet Y RBlude a wide
conmuni cati ons nodul e . ta nodul e 14 al so contains 25 a dat abase

conpri $9 ng rgprgsdef érawan@amanab@h@s éndveoteaiinlezpplithtionmpabdaye tynigally
contain tabl o char r rm.n readin ch.r in

corT osponaPRer! bY daheteRiroBLAEBORRERARE, § ERCAL Banetes Braiitl &  The
each of theoleVpdok é@@pﬂ@@sgnéz@yttmedrméqnibnmowgaaltlse aIGyatwhiciedri wesl
by wirel ess transceiver 22. The incom ng signals or the data recei ved

via the 30UapsieiniREroks the dEY 06 PESfORB i iRigndped hustesior the reliable
predet er m ped pRAEUERR, the management of energy and power usage in UGVs is

15  critical for operational use.

[048] Figure 1 is a block diagram showing an embodiment of a base station 10
for baseling UGVs when they are in use. Base station 10 includes a processor
12 and a wireless transceiver 22. Processor 12 includes a central processing
20 unit (CPU) (not shown) and may be a printed circuit board or a processor
executing a set of program instructions stored on a computer readable storage
medium such as random access memory (RAM), read only memory (ROM),
magnetic storage medium, optical storage medium, or the like. Processor 12
can be a handheld device or a conventional computer such as a PC running on
25 an appropriate operating system. Processor 12 executes compatible

instructions or software stored in memory 18.

[050] Base station 10 receives information via wireless transceiver 22.

Wireless transceiver 22 includes an antenna 26 and a radio 24 for coupling to



12 for processor 12 to execute scheduling tasks to the UGY/s. The
predeterm ned paraneters may be, for exanple, position coordinate
readi ngs, power supply readings, distance neasurenents, m | eage
efficiency or odoneter readings of the Ygvs. For exanple, a power
supply readi ng received by comuni cations 5 nodule 16 will be
conpared with a predeterm ned power supply reading in the database of

dat a nodul epidbeskbr the wipsess sHpbtsivéc2iaNews S blavRity bhaseist® access the
predet erm ned power supply reading paraneter in the database

processor 19afe| ForRuAlcion swdiyn o daeseitnpnddecaiyer indemaions fpm the

| . : . ; . . . .
b odor er m ngF Y Sier P B APy o aE e B 1RE bl % bl invpatgn
Figure 2 il lsusiovet &s agpereomekilegmt tod ast amidwlliaise sadsrsigodibi tpedébn dkilled

nodul ar sensing unit 30 is installed in each of the UGYs and inc| udes
2 wirel ess It Hiks €8 PePe A ARgbliNgclasheslogyr faritbe 48irpasR) chriransneiting and

44, A 15 pr%}%ﬁ ; L ; e i i :
coupled with a WILQE? éﬁ%sr@b@gﬁgig—gl@\s/%? 4§Bﬁ‘l§r g?:é@%%‘? @mgﬁf‘ﬁ@'ﬂ l}gcéhrgques
CPU, nenor ymagnidclexedrdA (freQupocy Bidsiondviultipleniicdesa),i DOMA (Timat Diedsion
parts of th or exappl e.nai rocessor (not sho f e
Do, Wodul alfE Aast CobPadr Sirdh SheBe oRELE Adtsehesaaita (Code
basel er of PhgsiblPWdifpleaRet8e novermrents of the UGY. 20 Modul ar
sensing unit 30, as its name suggests, is detachable fromthe UGV for

serviciyg, maintenance and facilitating installation. [55] Processor
32 of nodul ar sensing unit 30 includes a |ocation sensor 36 and a

| 34 I . d 25
P endi ngs. | ol EaSar? ng AIBal Pandde p95el fedCoB i s iagtle " 16

readi ngs ne@sumingichftensv@btiagel®mayhiaciudela basder (my shewnh tdrusiag|ing the
processor 3%. i éSGé_qucati on ,sg}gsor_ 36 preferably conprises a |

d obal Posi 19¥AfAECH)E0eHIPPS) iIPEmatien reraivad fmpitng vredesssianscelyps.
pur pose of i &GRS i det ! t it ;

coor di nat estgﬁﬁ]ﬁ @B?JGV iﬁ{ord?a 1t%i gr&én.thlﬁ:)]grgt g%‘p rgoﬁgﬂgi@éﬁg%ﬁsﬁg the
i nventidn, incoimsngisigmads end tigreantharinesiingd eignpeps infotrhation fre thies forof of
GPS syst emsdf ar. ob(% a}i ni.n It he | ocation coordinates of a certain

| ocation i sIPEP &HBHROUNIGt e of the art and will therefore not be

di scussed in detail. Location sensor 36 continuously nonitors the
position coordinates of the UGV and transmts the

[052] A display unit 19 providing a graphical user interface for a user of base
station 10 displays the relevant parameters or critical information for the user to
20 perform tasks. An input device (not shown) may also be connected with

display unit 19 to allow the user to input instructions into processor 12.

[053] A data module 14 of base station 10 serves to process the incoming
data received from communications module 16. Data module 14 also contains
25 a database comprising predetermined parameters of variables. The database
may contain tables or charts of predetermined readings, each reading
corresponding to a certain set of instructions to be transmitted to each of the
UGVs in response to the incoming signals or data received by wireless
transceiver 22. The incoming signals or the data received via the

30 communications module 16 is compared with these predetermined parameters



5 position coordinates to base station 10 via wireless transceiver 42
of nodul ar sensing unit 30. Alternatively, |ocation sensor 36 may be
programmed to nonitor and transmt the position coordinates at fixed
intervals, for exanple, every 5 mnutes;; 10 [057] Power supply sensor
34 nonitors the power supply |evel or ba%tery condition of the UGV.
This may be the remaining power or voltage in the battery or
batteries gbr plagebldf 1?@%&}#@%%&%@%3%&% UBHAYSTHe BRI tEsined
the status of the power supply and transmts this information to base
station 10pPaygeatarfenae el fMHmexaonis no:satrpnecqmﬂmte/ readlbgstmwerssmply

| ow Tuel o narog, IR RS TR, Al el flerty SLSoRhLs2unde ot

ey acti vatige §G@s. Fbrierampistd powet @upﬂsng réQngfrka@eN@ﬂ’ oRsehations
This set of instructions may include returning to base station 10 for

ref uel i Ag, MPAPAIENVIHPaceRBarasewith snRriedetasmingd epwen suppdeaiiegumhe

concer ned i i inlse i

Fooure 20 SRtRBRbEBLBOBARHL® IR BABbl Tt Rlellfn ghe
refuel. Pr @f@deﬁbrmmeﬁqrovmrsalmihat‘éacd‘nngﬁatamamtriiwaﬂa@ datebaset pafcessor 12
i nstructions, the predet er m ned, | eyel %qpomer remaining in the

battery or vl exeritesa 366 AT Predeismings § tighs 65 FRSUPS 0’105%”@5“@6‘3@
of the pOV‘QfG\?é'pp*I'Me Rabfndts 'd? @c %ﬁﬁ rtﬁéd RRRTRA ’:n§tﬂﬁ:t|89§'\ﬁfglgge

coordi nates and the power suppl y Qent y |'ocat i on sensor

power $Qppkexpéresbin @Aail belopect i veI y, to base station 10 will contain
a UGV identification nunber or a unique nunber that is associated
with each of the UGYs. To differentiate the data being received by
base station 10 by each of the plurality of UGVs for 30processing,

the UGV i depad]f iFeulre op iffusiizess wnl Enbedreait boaekdelan sdhsile uﬁﬂt@o f oK
processing to enabl e base station 10 to identi f%/ét he sg/em fic

14 [59] FW%SP@SEQQW@W?& iggingtaiachin jeachs of dbesUENs aaavr@ciudes a
descri bed S‘Pé'{’é? ﬁb”ﬂwéth‘ﬁcﬂﬁ%geld' r[é%@% rgﬁélpagle%n%nrHWM A

UGVs. Base statlon 10 nonitors 1n rea term
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the UGVYs to processor 12 of base station . he remal ni hg power
suppl y | everoasissehénaiGshewak hésha L@GHdeﬂ\é@dulaleéehemgl unib 30r mgyealsa be

I f uel d
deter m ne- EREEHFR! fRGRRRG bBsIT i SR 1 hets Ind RiEMent st medupy.
or netped. Modular sensing unit 30, as its name suggests, is detachable from the UGV for

servicing, maintenance and facilitating installation.

[055] Processor 32 of modular sensing unit 30 includes a location sensor 36
and a power supply sensor 34, Other sensors, for example, for odometer
25 readings for measuring the distance travelled, or for voltmeter readings

measuring the voltage of the fuel pack, may be included in processor 32.

[066] Location sensor 36 preferably comprises a Global Positioning System
(GPS) receiver and a mapping processor. The purpose of location sensor 36 is

30  to determine the position coordinates of the UGV in real time. For the purposes



[60] The refueling schedule or nethod is stored on data nodul e 14 of
processor 12 and is a preprogranmed set of instructions that wll be
triggered when certain variable or conbinations of paraneters are
reached. The 15 incom ng data, for exanpke, the power supply reading
and the position reading of each UGY, will be conpared with the

dat abase of data nodule 14. The refueling schedule or nethod is

determ ned bpgeslidvenBant it & uhberstbsd BRGH SRlskiiel persfechal helidé aNGPS
t he base station. The position coordi nates of the UG/ are neasured

rel ative toSysiemgder ebginiesdiallosatien ceprditepaia cartain ineatiands part ohthe

di st b I ] : . t
o Lance beL ety bt Wia\y R L PP o BN REBRLE Aot | EbRoShabses
station is tmtthwoaskemoaitorspinedpt sition edrdinhies, ofpthecBER0 andl Zravdnhits the

subsequentlg ei.ther send instructions to the UGV to return back to
base stati oROXdORHcogrdipaies Ho Pase\stetipmdl Yig wirlesséansepiver 42k nuesiular

havi ng | ow {,éi%i?%ﬁjr[i ap | Eq%ﬁna{t%ﬂﬁ'|589tior?§en£§:1h6THﬁ¥gPsdﬁﬁogﬁﬂnﬁ%ﬁ fo

di stance val ue e activation o6f "a gl ven set of ructions w |
depend on amouitbeandf traranaiirgi e mositibineseo rparadese bé fixed dotestvalac fardexange,
maxi mum communi cation range of the UGYs with the base station, the
oper at i onal eYeé'éifﬁamMﬁ?'s of the mission concerned, or whether the UGV
30 has enough power supply to return to base station. 15 [62]
Preferably, if the distance between a UGV in need of refueling and
the base station is above a certain predeterm ned val ue, processor 12
of baselGst al(itdh ROWer ISupabt soasw Bhem@Ndper e dowasbsueply deviell phdpattery

or the NRETSTY BLS, 28V TR Fuve: e B el iBlyen B bt the
UGV and t hebditesre osthalttiefios ios thenUWe Pange stippmseineut 32 coatidllously monitors
kil oneters. 63], Processor 12 will next determ ne the optimu

| ocation ofthﬁF%a'é[@ qlithe Pewer spRlytandoiramenitisiiie BheERAa a3se SAUPMAO.
concerned; TR e Braaitihg HSuBe It HRRe, oFB8Nefen Aabe 0V regres @
15 predetermined level as set by base station 10, a low fuel or battery alert may be
triggered by base station 10, which may activate a set of instructions to the
specific UGV concerned. This set of instructions may include returning to base
station 10 for refueling, dispatching a UGV fuel tanker to refuel the specific
UGV concerned or dispatching a mobile refueling station (MRS) 60 (see Figure
20  5) to a designated and convenient location for the UGV to refuel. Preferably,

for base station 10 to activate the set of instructions, the predetermined level of

power remaining in the battery or batteries should be in the range of from about

10% to 20% of the power supply.

25 [058] In a preferred embodiment, the position coordinates and the power
supply data sent by location sensor 36 and power supply sensor 34,
respectively, to base station 10 will contain a UGV identification number or a
unique number that is associated with each of the UGVs. To differentiate the
data being received by base station 10 by each of the plurality of UGVs for

30  processing, the UGV identification number will be sent together with the data

for processing to enable base station 10 to identify the specific UGV.



(c) mission configuration of the UGY. 15[064] The base station 10
will assess the proximty of the other UG/s with respect to the UG/
having a low fuel. |If there are other UGYs |located within the
vicinity which are of a predetermnined ppper supply reading and are
within a range of fromabout 2 to about 10 kmto the UGV having | ow
fuel, base station 10 will determ ne the | ocation where the MRS 60

w 'l be di spagicirgglire’s &0, ﬂb@Qﬁé@EFﬂ iR IIRRYRIeSHRPANOVEEY & criBkd hhod of

other UGVs ‘may be programmed to be from about 10%to 50% of its power
suppl y | evelptinizing the refueibgeand sesupphestiheguGlvs. ddasa siiatign t16 mpeitassin
having low fuel. In a preferred enbodi nent. pf the invention,.. and
not wi t hst afgng"end" ot ReF e nstbitevaBee g, e wlecise | Poufisfornd doe
the opti mumohwegaluipply f ehtte oVise blurBRtyvit DGVsa Asnischbed r0vabRiektids
1 to about 5 kmto the affected UGYs concerned. [065] O her than

proxi m ey &R8SPLIP and\newessupply sanser Sddsansiit this daigelbrthe dorrmef pesition

havi ng | ow | Vet ot 1SSl nt.i | i

consi der od o BRI ne BefdF SRpRTEEY e didoBlB iy ST Y dp s
16 confi gupaddesszer Mayobbass sestivrd1Daslé dhe nemiaéiodjpeetdrveupply tdwel of the
m ssion, f exanpl e, whether the mssion is fqr defense,

r econnai ssﬁﬁg rGRChed ﬁd’i‘?dﬁtﬁé’“twﬁéewlltﬁ‘iTé‘gg%hag%‘ﬁﬁpﬁhff‘lﬁftitSrPrRW?SOf 12,
determ ne ighoddiBoPate vif AirbBed SoSUdthihirRy 1l Heflicfing Fdfotdtol, that s, the
reconnai ssance m ssion, base station 10 wll be nobll'e and 5
advancilfg trefyetingschediie phendlildd as | ong as the sector of interest is
secured. However, for a given |location of base station 10, the
optimum | ocation of the MRS to be dispatched will be determ ned based
on the other paraneters, for exanple, the fuel level and proximty of

the other [#8( Wiheh réfashestschedulae ob@ettdd RY steradpemedatdupdile M of

processor 12 and is a preprogrammed set of instructions that will be triggered

when certain variable or combinations of parameters are reached. The

15 incoming data, for example, the power supply reading and the position reading

of each UGV, will be compared with the database of data module 14. The

refueling schedule or method is determined based in part on the distance

between a specific UGV and the base station. The position coordinates of the

UGV are measured relative to the position coordinates of the base station, and

20 the distance between the two is determined and compared with the database of

data module 14. If the distance between the UGV and the base station is

below a certain predetermined value, processor 12 will subsequently either

send instructions to the UGV to return back to base station 10 or dispaich a
UGV tanker to the location of the UGV having low fuel fo facilitate refueling.

25

[061] The predetermined distance value for the activation of a given set of
instructions will depend on a number of parameters. These parameters could
include the maximum communication range of the UGVs with the base station,
the operational requirements of the mission concerned, or whether the UGV

30 has enough power supply to return to base station.



[066] In a defense m ssion, base station 10 is normally static and
the UGY/s are dispersed in a network formation. Figure 4 illustrates a
typi cal defense related m ssion where the UGY/s are dispersed in a
star topology network formation. The UGYg are equal |y dispersed apart
fromthe base station. 15 Conventionally, the UG/s will be noving to
and fromthe base station for refueling. In a preferred enbodi nent of
the present invention, a plurality of MRS 60s wi |l be dispatched or
depl oyed al ong the circunference of the defense zone as shown in

Figure 4. 20606 7prefraBfplithetfisiiee RaeelfUSY irJrQleEByof%?déﬁﬁg?nd the

aerial vehicles, for exXanple, helicopters, airplanes or unmann
aeri al vehiledsss statiav) is Fbevepasceitain precketirmined wiue, heroopssaruh? of base

| ocation for,_deplaynent .of an MRS 60 will be transmtted e

ner 1 al veht RLSHBINT e ese B Tonclcn dmep Bt d8 L ptafEhi BiRs) o to the
Preferaly y, spdtsricaeIG@lnavily @ve el | peéferabigpidrieeMARS @ Pe deployed, the
plurality of 25 MRSs at the intended opti numl ocation. O her neans of

di spat ch arRredptasmpers distancedpriwegn thRIJGY ard the base siationded o ranga
| ocation, t il s it its actual |ocation coordinates to
t he base stﬁfrpol\grﬁ%fugg t#ﬂﬁa‘f'@ﬁ@%@‘ mechani smof the MRS 60 will be
explained in detail below The base station, upon receipt of the
actual |ocation coordinates of the MRS, will subsequently 30 notify

the UGVs co ned of the_ | ocation coordinates of the NMRS. Each ,
af f ect ed ud\'@%ﬁi | ﬁ%ﬁﬁ%@qﬁ%h‘f‘ﬁ@eﬁw?ﬁ‘éﬁ@% {fhe gRjmUA {Qﬁ‘@?ﬂlﬁ@ff'@ﬁs 60 with
ref uel iya0. rebfect Bho Uy BGTRAGREA GRS aRegsabove for

optim zing the refueling of UG/s is to save tine s to

travel to and froma @22&,‘9 ?{)1‘%.} Qlirﬂps&gr'%\}egérﬂé WY, g@é‘%rﬁ(g&ul ts in nore

efficient patrolling ere ense si on 'and reduces
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0 Stance o por for m GG PEFTPRREE SRNaR Cofe Ofbhvel 11 ng back (o a
base station 10 for refueling, especially when the UGV is |ocated far

outfield, is time consunming 10 and inefficient since the UGV w ||
have to travel the sane distance to return to its previous position

in orddd t dORBl el i baaestatignd wilgassess the argdnipafitheotheelW@ys avith
oL bR 590y e P L R B0
the vicinity which are of a predetermined power supply reading and are within a

range of from about 2 to about 10 km to the UGV having low fuel, base station

10 will determine the location where the MRS 60 will be dispatched. A

20 predetermined power supply level of the other UGVs may be programmed fo

be from about 10% to 50% of its power supply level to be considered for

assessing its proximity to the UGV having low fuel. In a preferred embodiment

of the invention, and notwithstanding the other parameters, base station 10 will

determine the optimum location of the MRS to be within a range of from about

25 1 to about 5 km to the affected UGVs concerned.

[065] Other than proximity and fuel level of the other UGVs with respect fo the
UGV having low power supply, the mission configuration of the UGV is also

considered for determining the optimum location of the MRS. Mission



15 may be dispatched to the affected UGYs. Mbile refueling station
60 may be air dropped by an airplane, a helicopter or a UAV to a
certain predeterm ned | ocation. Preferably, the predeterm ned

|l ocation is in a safe and secure |ocati near the affected UGVs so
that the UGYs do not have to travel far to refuel. A nobile refueling
station 60 may al so be catapulted to the 20 predeterm ned | ocati on by
a | aunchi ngoRBgM&tions Mhy MePhbSeds@biuhsdt oft Hd eBjcRHve Nl demiddion, for
| east one battery cartridge or pack 61. Battery pack 61 may be in
cartridge fexampa whelher the enission istfor dgtensad réecondiaiasgnby arrattaoky e
refueling.  Preferabl battery.pack,61 is |ocated pn 25 rt .of .the
exteri o Cofvieh & Shieiosm OREuRR Al Gt Tpirdc RS, Baag Spaffi, 4f e or
associ at ed dohbmi® FRekd RGeETRREREANBS - MiBsRIPS HiaBE BNV 06willSE $AGhilchand
presence of a UGY when it is in the process of refueling and

acti vat és ©eHuanengdegeigepnibdbe UGHe agdenrt s tersaston of infesestis sgcr@d.
IS A _ ; foel | ) .
Fef ueri ng. HepeYer B 48ehoRbe o of Rasl 3taddh 16 HEL bBfBhTIdcatof ¥ ¢he

pr ef er abl e MR8ttot ke dmplatthedawilinge d2tertnitde bBEd @l the atheh@eakameters, for

absorbent material . 72] MRS 60 incl ude pr.oce r 66, for
moni t ori ng eﬁ‘ﬁ@%ttp@r{}"eié%\@l 2Nd, PEIBILY Ozftﬁmh%bﬁséﬁ with resnest it dhe

is transm U@g h\éi\{%ﬁ?f’mé il ]3; adi o transcei ver 68 on MRS 60.

Processor 66 nay | ral processing unit with a nodul ar
comunigati on bus rack 64. Mdul ar comuni cati on bus rack 64 includes
various nodul es that support processor 66. These nodul es may i ncl ude

the GPS, ' i cation. . dogki hd 1
pover supplOPfoduredelenne tmschobape Yl {adE Hgra Wikl hpdovs
ant enna 63 spadigiRIresdnines nelorROBEREN.CoBigdidat Biastehtebhe t lugehanse

| anding. This information is transmtted via |ong ran%g radi o
transcei vereleted gnigsies whets e H5Vasire7disperad iy assfesoiopolsly network

conpri se of, yaniaus Fid | gEe Far%%@ﬂ%@ ‘Mﬂﬁs@d% 5 FrohPSRANEAN St kiR,
aligning the s for retueling. S0 0 eése sensors nay I ncl ude
ul trasodi c Canventienallyf rihe edGVandilk bepotoeingvitciaoml frppe tse rsases station for

(Pl ease indicate some exanples of the varjgus different sensor Thi
G 1 tat oSo UL GlodR, A S ERec DB §1 TS PSSO ARG, RePRFEIEG
for refuel inRs dbe A QQCJﬁ'ﬁBth%HSSF Hephoyd! @ﬁ)ﬁd‘?ﬂ@@(rdu%f@i‘énce of the

appropriate position for the efficient transfer "or swapping of the
battery pachksanse zone as shown in Figure 4.

20 [067] To deploy an MRS, base station 10 may activate aerial vehicles, for
example, helicopters, airplanes or unmanned aerial vehicles (UAV). The
position coordinates of the optimum location for deployment of an MRS 60 will
be transmitted to the aerial vehicle with the MRS 60 loaded onto the aerial
vehicle. Preferably, the aerial vehicle will air drop the MRS 60 or a plurality of

25 MRSs at the intended optimum location. Other means of dispatch are also
possible. Once an MRS 60 is in its intended optimum location, the MRS 60 will
transmit its actual location coordinates to the base station for update. The
mechanism of the MRS 60 will be explained in detail below. The base station,
upon receipt of the actual location coordinates of the MRS, will subsequently

30 notify the UGVs concerned of the location coordinates of the MRS. Each
affected UGV will subsequently navigate its way to the MRS for refueling.



[074] Figure 6 is a side view of the refueling process where an UGV
90 is in position for refueling with respect to an MRS 60. Each UGV
90 includes an 25 opening 72 suitable for the insertion of a battery
pack into a power supply conpartnment 744ef the UGY. As descri bed
above, the docking sensors 65 of the MRS will guide the UGV into an
appropriate position whereby the battery pack 61 in the MRS nmay be
inserted into opening 72 of the UGY. The docking sensors 65 are
actively comunicating with the processor of the UGV such that

di recti onal rgeRf OTABL A@PHLS 'a/fe@hérmmﬁd@e é%gehb@@ SEHROFSr %tw&.h&the

gui de the i nto novi ng o the desir Kin osition.
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MRS, upon de ctln in the right ost t hen
Nt vatet nelarih 8P regRlnd e dut fasis, Buinete it BR R M indF e
the MRS $0 wefehsbesiagtibhasgd redusdd fdr Afinifxss Ralt poysiackratnbs & the
position where battery pack 61 may slide into and through opening 72

of the UGV.squsedi@ea. uﬁ@inso @a%mr@’srlr@h Recwiy reaginpga kf theosrauhed pRS. For

bost t1 o wi tPAnbESa Ry FELbe, i8R MR fo bovar alllBePaistance to
76 to nove peaffdres yswwkarﬁ:b bpbmttdme derhvelting deaki @n.a blge] statien 10 for

desired location for a successful refueling process occurs, when an
outl et 69 ofefuRlindedprpaialy adharsthe Wi \eds deraied dakputliehhliy ting spnaumiig

the UGy, 15 ﬁ@lr?é?ﬁ’ Orgﬁ(é]ngéﬂ‘rgﬁd\/ vﬁ?ﬁ%{/e T RRLY %&@é}énge tchethFHato

UGV may |nc ude a I'ng nechani sm ( not shown presses

pack 61 oncies previches prestioreith drdeata movedokesmp. t he battery pack in
position. The | ocking mechani smal so serves to act as power rails to
draw power fromthe new battery pack. The UGV is now able to draw
power from both the old and the new battery pack. 20 [77] An option

to battery qm@sar i%urélst Bea TR spertivealiéwIof & PhosilcMfudihstish (Nﬁ%) 60.

cont ai ni ng fuel. Simlarly, a |ocking mechani smpresses

fuel pack  Mobile tr@fueb@@ stafiondgtQiig arstand rises, entomated r@@atedmgrstatlon Which
posi ti ce)lga | ﬁ?tﬁ%? q]é;dggﬁ*éheanto Bel sy U I§d;hﬁec9:m &' RFutRY Yalibn 88 may be

i nsert nl'et” of e car
air dropped by an airplane, a helicopter or a UAV 1o a certain predetermined

location. Preferably, the predetermined location is in a safe and secure
location near the affected UGVs so that the UGVs do not have to travel far to
refuel. A mobile refueling station 60 may also be catapulted to the

20 predetermined location by a launching means.

[070] Mobile refueling station 60 includes at least one battery cartridge or pack
61. Battery pack 61 may be in cariridge form to facilitate easy storage and
handling by the UGV for refueling. Preferably, battery pack 61 is located on
25 part of the exterior of the station. Each of battery pack 61 is operatively
associated with a docking sensor 65. A docking sensor 65 senses the
presence of a UGV when it is in the process of refueling and activates the
refueling process. The docking sensor is also used for aiding the UGV to align

itself to the mobile refueling station during refueling.



25 The UGV is now able to draw power fromboth the old and new fuel
pack. [78] Once the battery or fuel pack is engaged with the UGV,
the old battery or fuel pack nay be subsequently noved to the end of
t he conveyor belt and purged out beneatjn the UGV by gravity. In this
manner, the UGV is at all times 20 powered due to the hot swappabl e
techni que of drawi ng power fromthe old and new battery or fuel pack

bef ore di semgRIMOWLRGaAl REErdeshRieGhdaldRing, Qtrlsfpﬂﬁferﬁ%kthaf%é“@uter

down tine i's eéxperienced. 5[079] Although the I nvention has been

her ei n showaskgdbdeikibeiMBE tthiswhahocksakapnbentvaatarial.be t he nost
practical and preferred enbodinent, it is recognized that departures
can be nade within the scope of the I nvention, which is not to be
limted to the details described herein but is to be accorded the

full scope[@f2]t WSpaenMddsabn@r@@saSrt% efabrmeaitaing ahd Béa’dtery pack
equi val ent devi ces and 10appar at us. 80]. "Conprises/ conprising” when
used i ndt hirvesiryofi Mas 8F- i 4h tSalE’@fn”taéfoé‘p'éctﬁf}sm'ﬁ@ pfiase FANGst Eadie)

bresence. ot naree8 SRRSO PRAARELE 0N eyl PERLCRCA (BRER fHOfdsif unit
st eps, conpgtheansocnagcaupsinidatioadius rack 64. Modular communication bus rack
64 includes various modules that support processor 66. These modules may

include the GPS, radio communication, docking or guidance sensors, and

10 power supply modules. The GPS module receives signals through GPS
antenna 63 and determines the position coordinates of the MRS upon landing.

This information is transmitted via long range radio transceiver 68 to base

station 10.

15 [073] Docking sensors 65 comprise of various different sensors which are also
responsible for aligning the UGVs for refueling. Some of these sensors may
include ultrasonic, active infrared, and computer vision type sensors. (Please
indicate some examples of the various different sensors) This facilitates the
docking of the UGV when it is approaching the MRS 60 for refueling. The

20 docking sensors 65 guide the UGV in an appropriate position for the efficient

transfer or swapping of the battery packs.

[074] Figure 6 is a side view of the refueling process where an UGV 80 is in
position for refueling with respect to an MRS 60. Each UGV 90 includes an
25 opening 72 suitable for the insertion of a battery pack into a power supply
compartment 74 of the UGV. As described above, the docking sensors 65 of
the MRS will guide the UGV into an appropriate position whereby the battery
pack 61 in the MRS may be inserted into opening 72 of the UGV. The docking

sensors 65 are actively communicating with the processor of the UGV such that



21 CLAIMS 1. A systemfor optimzing the refueling of a plurality of
unmanned ground vehicles (UGYs) conprising: a plurality of UGVYs, each
UGV having a nodul ar sensing unit 5 thereon, the nodular sensing unit
conprising (a) a power supply sensor, (Rh a location sensor, and (c)
a transmtter coupled to said power supply sensor and said |ocation
sensor, for receiving and transmtting a power supply level and a

| ocati on of diﬁ?@ﬁfbn@ﬁ/}foméﬂi@)ﬁere&éﬁfbd Fron &ve B8ckand béﬁéor&%ﬁvmfg{]uuﬁ@fhe uGv
receiving the power opt?u 10 level and the | ocation of each of the

plurality oft@mayingt g6 dOSKIORPStEP he receiver for storing
the power supply levels and for determ ning the distance between the
base station and the UGY, for each UGV, and a transmtter coupled to
sai d processor; and a nobile refueling station capabl e of
refueling a[0d&y @nce tiépested enoking pdsiivat is arhiesedd docking esenecblu% iohéhe

station hav a second receiv f recei ving conmmnds from sa
processot MRS, upaphdeterting ﬁ@ Eé%éﬁé‘(a% A é%ossmor@éﬁwsﬁrb@cﬂvate the
conmands fOF Q| PRSI af Hﬁéér‘”‘gc@taﬁ]r' an IB g WRAA e MR@'G}@%II be

protocol. 202. Thé systemof claiml erei n e processor in
base stati oactsfammcasblﬁ]mmd'ved)adl@py pack i6d ﬂmo@upbeltzoef\uledenenlgaMratnamﬁ 61

when t he po pl e of , one of i I |, i of S reaches
or 1 I'ess iy SHBRt it FieRin BPento 721 P BV hothe Uadh o EAShe
said UGV anmettfﬁté???ﬁcﬁff@m & MRS WA fablitR€ 198 eRdvimdhalf the battery pack
pr edet er m ned val ue.

10 61 into a position within the UGV. This may be in the form of a conveyor belt

76 to move battery pack 61 info the desired location.

[076] The desired location for a successful refueling process occurs when an
outlet 69 of battery pack 61 is coupled to a power supply inlet 81 of the UGV,
15 as shown in Figure 7. Power supply compariment 74 of the UGV may include
a locking mechanism (not shown) which presses battery pack 61 once in the
desired location to keep the battery pack in position. The locking mechanism
also serves to act as power rails to draw power from the new battery pack. The

UGV is now able to draw power from both the old and the new battery pack.
20

[077] An option to battery pack 61 in the form of battery cells may be a fuel

pack containing liquid fuel. Similarly, a locking mechanism presses the fuel

pack into its desired location to keep the fuel pack in position. Once in position,

a fuel syringe from the UGV will be inserted into the fuel inlet of the cartridge.
25 The UGV is now able to draw power from both the old and new fuel pack.

[078] Once the battery or fuel pack is engaged with the UGV, the old battery
or fuel pack may be subsequently moved to the end of the conveyor belt and
purged out beneath the UGV by gravity. In this manner, the UGV is at all times



25 3. The system of claim 2, wherein the predeterm ned | ower val ue of
t he power supply level of said one UGV is in the range of from about
10% to about 20% of the total power supply of the UGY. 22 4.The
system of claim2, wherein the predetergg ned di stance between said
one UGV and the base station is in the range of from about 2 to about
10 km 55. The system according to claim2, wherein said processor in

sai d base ghalared Rt F fReNBSt %bﬁﬁ%lbqacﬁﬂqgéﬂifo&amﬁg P’BWel' @rom the old
refueling station based upon the power supply |evels of other

wi t hi n t he andoiaw bgttety erduel m@k kigore disengagingytbe @imasicdenieied haitery or
claimb5, t . y.Jevels of other UGYs within the
vicinity o Ii)lagk@ﬁg W‘ﬁ?i‘"ﬁ‘-‘g@h@’iﬂe{'ﬁf‘ﬁ ‘he range of from about 10
to about 50% of the total power supply of each of the other UGVs.

157. The system according to claim 2, wher ein the base station wll
activate a ref uel i ng tanker to said one UGV when the power supply

level of s#Plondhorgh tainvestian hasdeaesy mrmsh@war@n%e%oalb&ddﬂévw
i's greater ;hhanvad ph eeeherbaesatlisliantrpliad ReRffedt ¥ ikBcognized

that departures can be made within the scope of the invention, which is not to

be limited to the details described herein but is to be accorded the full scope of

the appended claims so as to embrace any and all equivalent devices and
10 apparatus.

[080] "Comprises/comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps or components but
does not preclude the presence or addition of one or more other features,

15 integers, steps, components or groups thereof,



208. The system according to claim7, wherein the base station is
nobil e. 9. The system according claim7, wherein the refueling
protocol is further determ ned based on m ssion configuration of the
plurality of UGVs. 2510. The system according to claim1, wherein the
nobile refueling station is sent to a predeterm ned | ocation by an
aerial vehicle. 23 11.The systemaccording to claim1, wherein the
nobi | e powec| pgfigel i ng station further conprises at |east a battery
cartridge for récharging the UGV. 512. The system according to claim

1, wherein theqnobi\esneYRT i ehMehizty ﬁ%@%&%ﬁ{wgrdfhsrplﬁ i io‘?%rﬁarﬁecj

gl obal positioning sersor for determ™ning its cati1on data.

The syst em accomdindgeholed dilGVE) comerising: t he nobi |l e power refueling
10station further conprises a comunication interface for

transmtting a plurality of UGVs, each UGV having a modular sensing unit

5 thereon, the modular sensing unit comprising (a) a power supply sensor,
(b) a location sensor, and (c) a transmitter coupled to said power supply
sensor and said location sensor, for receiving and transmitting a power

supply level and a location of each UGV,

a base station having a first receiver for receiving the power supply

10 level and the location of each of the plurality of UGVSs, a processor coupled
to the receiver for storing the power supply levels and for determining the

distance between the base station and the UGV, for each UGV, and a

transmitter coupled to said processor; and

a mobile refueling station capable of refueling a UGV at a
15 predetermined location, said mobile refueling station having a second

receiver for receiving commands from said processor,

wherein the base station processor generates commands for said

mobile refueling station based upon a refueling protocol.

20 2. The system of claim 1, wherein the processor in the base station
sends a command to deploy the mobile refueling station when the power
supply level of one of said plurality of UGVs reaches or is less than a
predetermined lower value and the distance between said UGV and the

base station is equal to or greater than a predetermined value.
25

3. The system of claim 2, wherein the predetermined lower value of the
power supply level of said one UGV is in the range of from about 10% to
about 20% of the total power supply of the UGV.



| ocation data to the base station. 14. The system according to
claim1l1, wherein the nobile power refueling station further conprises
a docki ng sensor for guiding the UG/ to a 15docking station for
rechargi ng the power supply of the UGV.,, 15. The system according to
claim1l1, wherein the nobile power refu ‘?I ing station further conprises
shock absorbing neans on the exterior of the refueling station to

wi thstand advegrse ?H@%:yétetn‘? of B, '*&ﬁJ\éthQ\ ke réB@teﬁﬂ%dZ&]lal%ﬂ% %t\ﬂéen

ground. 16. A nethod optimzing the refueling at | east one of
plurality of saiteemedGY anddhe baselstationusvs the ey of fngm atmbﬂiQrtDrEgj)out
power supply | els of each of the plurality of UGVs; 25transmtting
t he power supaﬁ -evel s of each of the plurality of LENS to a base
station; obtaining |locations of each of the plurality of UGVs; 24
transmtting the |ocations of each of the plurality of UGVYs to the
base statlon and determning a refueling protocol for one

of saidoplurabPity OPEUHEDaREPIHIAENOt RBIM B eMIBEEID FRT NSORRASPT iB\aaid
and | ocati ons gk €AGh, Phiefhfhes YRation to deploy the mobile refueling station

based upon the power supply levels of other UGVs within the vicinity of
said one UGV.

10 6. The system according to claim 5, wherein the power supply levels of
other UGVs within the vicinity of said one UGV are each within the range of
from about 10 to about 50% of the total power supply of each of the other
UGVs.

15 7. The system according to claim 2, wherein the base station will
activate a refueling tanker to said one UGV when the power supply level of
said one UGV reaches a predetermined level and said one UGV is greater

than a predetermined distance from the base station.
20 8. The system according to claim 7, wherein the base station is mobile.

9. The system according claim 7, wherein the refueling protocol is

further determined based on mission configuration of the plurality of UGVs.

25 10. The system according to claim 1, wherein the mobile refueling

station is sent to a predetermined location by an aerial vehicle.



17. The method according to claim 16, wherein a nobile refueling
station for said one UG/ is depl oyed based on the power supply

readi ngs and the di stances between the UGYs and the base station. 10
18. The method according to claim 17, fumther conprising deternining
the refueling protocol by sending a command to depl oy the nobile
refueling station when said one UGV reaches a predeterm ned power
supply val ue ang. a predgstenmaentdifigtbangm vavherehetnseedbiabdwenesfling
and the base 15station. 19. The nethod according to claim16,
further conpri Sietign derteericamigisgs| aciaasbri Pafteth Sapbgoe doF dealaroing the
station, the | %ﬁtion of the nobile refueling station depl oyed

det erm ned bei ng based upon the power supply |levels of 20other UGVs
within the vicinity of said one UGV. 20. The nethod according to
claim 19, wherein the predeterm ned | ower val ue of the power supply

| evel of_said e is within the range of from about 10 to about .
20% of _the. powke- subBF SYSPMLAPTORG thaImLE WhireT e eblieaoRes sieing
to claim 20, i6F } i ] i E :
Lad the base erauoh Tutier RORRIESTA Mashal SEIANG ORGP 187 ARk s
km 25 22. Thiecatiemdetaaccordi ng to claim21, wherein the power

supply reading of the other UGYs within the vicinity of said one UG/
is within the range of from about 10 to about 50% of the total power

supply of each of the other UGVs. _ 23. The nethod accordi ng
to claim 22, fugtheTheeygteirsacrdiggltoydit & wherein the mobile power refueling
10 station further comprises a communication interface for transmitting

location data to the base station.

14.  The system according to claim 1, wherein the mobile power refueling
station further comprises a docking sensor for guiding the UGV to a

15 docking station for recharging the power supply of the UGV.

15.  The system according to claim 1, wherein the mobile power refueling
station further comprises shock absorbing means on the exterior of the
refueling station to withstand adverse shocks to the refueling station upon

20 landing on ground.

16. A method for optimizing the refueling at least one of a plurality of

unmanned ground vehicles (UGVs) comprising:
obtaining power supply levels of each of the plurality of UGVs;

25 transmitting the power supply levels of each of the plurality of UGVs

to a base station;

obtaining locations of each of the plurality of UGVs;



refueling tanker to said one UGV when said one UGV reaches a
predet er mi ned power supply reading and outside the range of the
predeterm ned di stance between said one UGV and the base station.
24. The nmethod according to claim 24, rein the base station is

nobi | e.

25. The nethod according claim?24, wherein the refueling

schedul e is 15further determ ned based on mssion configuration of
the plurality of UGV$ransmitting the locations of each of the plurality of UGVs to the

15

20

25

base station; and

determining a refueling protocol for one of said pluraiity of UGVs
based upon the received power supply levels and locations of each of said
UGVs.

17.  The method according to claim 16, wherein a mobile refueling
station for said one UGV is deployed based on the power supply readings

and the distances between the UGVs and the base station.

18. The method according to claim 17, further comprising determining
the refueling protoco!l by sending a command to deploy the maobile refueling
station when said one UGV reaches a predetermined power supply value
and a predetermined distance value between said one UGV and the base

station.

19. The method according to claim 16, further comprising determining a
location for the mobile refueling station, the location of the mobile refueling
station deployed determined being based upon the power supply levels of
other UGVs within the vicinity of said one UGV.

20. The method according to claim 19, wherein the predetermined lower
value of the power supply level of said one UGV is within the range of from

about 10 to about 20% of the power supply of said one UGV.

21.  The method according to claim 20, wherein the predetermined
distance between said one UGV and the base station is within the range of

from about 2 to about 10 km.
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22.  The method according to claim 21, wherein the power supply
reading of the other UGVs within the vicinity of said one UGV is within the
range of from about 10 to about 50% of the total power supply of each of
the other UGVs.

23. The method according to claim 22, further comprising deploying a
refueling tanker to said one UGV when said one UGV reaches a
predetermined power supply reading and outside the range of the

predetermined distance between said one UGV and the base station.

24. The method according to claim 24, wherein the base station is

mobile.

25. The method according claim 24, wherein the refueling schedule is

further determined based on mission configuration of the plurality of UGVs.





