1 Hovering UAV with virtual tethering capability S TECHNI CAL FI ELD
[1] This invention concerns unmanned aerial vehicle (UAV) having
hovering capability for purposes of gathering visual data beyond

vi sual range that may be obtained at ground | evel. The UAV nay have
navi gati onal features to for tracking a noving subject as well as
means for image acquisition of the subje&t and tel ecomuni cati ons
link to a ground control. BACKGROUND ART 15 [2] Visual information
is critical for nost situations, particularly before a certain

deci sion may be nade or an action nay be taken. In many of these

situations, decision,or action n only pe ken ypon vi syal,
confirmation. For e e£Eng bﬂ&fwfghewi‘gb@lﬁ?%ﬁ&féﬁqgl aap& 1l|t))ﬁg-range
radar nmay be able to watch 20 over a wide swath of territory for
intrusions but the detection of an intruding object on the radar
screen would only be represented by a blip. Visual inspection of the
actual object is always necessary to decide the next course of action

such as destroying it, driving it away by force or threat, depl oying

escort orSj usr%dl-ﬁ\ﬁ&jArl'_q:liiDal one. 2

[001] This invention concerns unmanned aerial vehicle (UAV) having
hovering capability for purposes of gathering visual data beyond visual range
that may be obtained at ground level. The UAV may have navigational features
10 for tracking a moving subject as well as means for image acquisition of the

subject and telecommunications link to a ground control.

BACKGROUND ART

15
[002] Visual information is critical for most situations, particularly before a
certain decision may be made or an action may be taken. In many of these
situations, decision or action can only be taken upon visual confirmation. For
example, in maritime radar surveillance, long-range radar may be able to watch

20 over a wide swath of territory for infrusions but the detection of an intruding
object on the radar screen would only be represented by a blip. Visual
inspection of the actual object is always necessary to decide the next course of
action such as destroying it, driving it away by force or threat, deploying escort

or just leaving it alone.



[3] Apart fromthe mlitary need for visual confirmation of a subject
or target, the need for "beyond visual range" (BVR) capability is

al so inportant for |ocal governnent and other civil organizations
such as in crowd control, traffic 5 conditions, news gathering and
open air entertainment or sports events._In the surveillance of |arge
crowds - whether an unruly one which may“deteriorates into riot or a
peaceful rally, security personnel in charge of crowd control wll
need to know t he nunber of people and their novenents through streets
and alleys or areas spilled over by the crowd, potential hotspots for

iﬁ?”‘ﬁi?i’ssg? (903} éﬁﬁﬁfg lﬁ%ﬁjﬁ@% ?@ﬁ?ﬁﬂﬁ%ﬁ%&f el AR drey s
el ow 4] BB K PRERT AeEr s B ol 0o U8 et Rptp mBortai

sustai ned for |on 15 hours wi thoyt refueling ab an, ai rbase some
di st ance. awalCaTFRVHARGRr A0 PUEE ST RIS HEErE NFpRd denirel iagic
subj ects such as comonly practised in |live news gathering in the
U.S. wer e sheRiiionsy AewagpBiarinaand Qresi aieantertainmesé or Rpony pyerta, Ioihe
27th July 2007 where 2 news helicopters covering a police chase of a
suspect' s capureeitiamredof iargeherogids, — kinethergaralinruly Tne mépdT maysdedariorates
board. 20 [5] Apart fromlaw and order needs, access to visual

i nformati on Nt Hbkor @i pkeicyiut rallye decurityaeysametirt ahangendf aodd spotrbi wil
activities, such as open air concerts, extreme sports such as

mount ai n cl i mEdty knewdsunfimbgr otpegde @odrihely nsdienregnts dirowditeseeétbeand
conpetition field is too wide and distant to be followed 3 under
nor mal gr ounslidye\elarsasgiled vedr Bsthe @awdl peleRtialHiotsidts forsampsde, etc.
etc. which are not easily observable or even accessi bl e by

spect at ois. PesiofRy pe@dhhsle onf tdllnfbh%ihbélgmkaSroQ%{féeWe V\iéc@s@ar?aﬂ?iisngl
car, for exanple, gives a narrow view fromthe perspective of fhe

driver and ngforiB8oR¥af fbh 4 8@dc pbivat LRl wﬁbﬁ%ﬂgbec%n?@?gﬂ:@acte@tquitcgly

strategic locations around the circuit requires the cent or si

station Contéﬂhetc,%\ﬁ/ﬂ%%Qtdnﬁpé‘gtr%{%{r%ﬁélaﬁo f eeds bet ween the caneras,

still without the advantage o S eye view which is presently
provi ded by airborne caneras such as that on a helicopter.

[004] Deploying helicopters is expensive and cannot be sustained for long
15 hours without refueling at an airbase some distance away. The dangers of
deploying helicopters to track moving subjects such as commonly practised in
live news gathering in the U.S. were shown in the unfortunate incident in
Phoenix, Arizona, on 27" July 2007 where 2 news helicopters covering a police
chase of a suspect's car crashed in the air, killing all 4 TV reporters on board.
20
[005] Apart from law and order needs, access to visual information is also
widely craved in many entertainment and sporting activities, such as open air
concerts, extreme sports such as mountain climbing, windsurfing, cross-country

skiing, or where the competition field is too wide and distant to be followed



10[ 006] Whilst it is known in the art to equip unmanned aeri al
vehicles (UAV) in the formof mcro-aerial vehicle (MAV) in
conjunction with an unmanned surface vehicle (USV) to provide video
surveillance such as disclosed in U S. Patent No. 6,712,312 (U S
Navy) which transmt the video data by ﬁ%reless conmuni cations, the
MAV' s known endurance in the air would t be sufficient 15 for
ext ended surveillance such as that required for prolonged event.

Besi des, t heaﬁdé&maﬂ@@gheﬁw&vrshﬁrsgjcﬂ[aggg?érg\éhﬁiﬁg%gpﬁ,gfa%gg{CQu,hﬂﬁhd

video | ock on a subjec el ng tracke there

are known deyj.c j ' . 20 | | oogs so, as to
enabl e track%{'lnegr?cgr%g‘hg!g% |r§%gﬁ§?) ‘i %??@?g‘é%g’sbﬁ%'@( \S/%‘?Cls%gtt?{/s‘rgﬁg?nwraﬁ%e?f
reflecting radjg. wave nmeans sych as disclosed in U S. Patent No.
4, 120, 256 (RS RURE MEF T GRCEM A IATRG AR ReSHANP S0 VAR A aTg s Viggpfrom
tethered to the survivors_and naturally there is no disclosure on .
video feed. % BEINRRRAYE0R’ DNSCySUREN (g} the Nipld 'eadisiyatienesi Plasing
to have an aerial view of such events from 5 an altitude that would
gi ve a spect edberagralceirateair| parfiansearopié tae Sircdill renvitessthey eentiabr ofitea
subj ect without the dangers and di sadvant ages of turbul ence, down
drafts, noi sgtatiere|centrokfy frggoenthaismiioh nedeefeets drtivédrgthe catreras, still
associated with helicopters. It would further be desirable that such
aeri al machiwiéhdd thanedvasthgeo of avbirds ate Vieastwhidms peedegtipfprpvited by
wei ght even if it is a single- tomanned aerial vehicle.

airborne cameras such as that on a helicopter.

10 [006] Whilstit is known in the art to equip unmanned aerial vehicles (UAV) in
the form of micro-aerial vehicle (MAV) in conjunction with an unmanned surface
vehicle (USV) to provide video surveillance such as disclosed in U.S. Patent
No. 6,712,312 (U.S. Navy) which transmit the video data by wireless
communications, the MAV’s known endurance in the air would not be sufficient

15 for extended surveillance such as that required for prolonged event. Besides,
there is no disclosure therein on providing a navigation and video lock on a

subject being fracked.

[007] On the other hand, there are known devices which are kept airborne by
20 balloons so as to enable tracking and locating of stranded survivors by radar or
other reflecting radio wave means such as disclosed in U.S. Patent No.
4,120,259 (Raymond Lee). Once launched, the balloon device is kept tethered

to the survivors and naturally there is no disclosure on video feed.



[ 9] Anot her desirable feature would be to have the vehicle kept

afl oat or airborne with the less drive or passively so that power may
be conserved for directional driving only. Wth this feature, the

ai rborne time of the vehicle may 15 be greatly prolonged. Still,

anot her feature desired is to have such an aerial vehicle
automatically tracks and noves in the ait according to the direction
of novenent on the ground of a subject or a user in control of the
aerial vehicle. [10] As a general enbodi nent of our invention, an
unmanned aerial vehicle 20 (UAV) with hovering capability is

provi ded congg!W/Qg;i(ﬁ Qﬁéﬂésfﬁ %5 substantially keeping said UAV in a
hoveri ng pos ; propul si on neans; (c) imge
sensing neans; and (d) neans for transceiving signals to/fromsaid
UAV with respect to a ground control, including (i) sending inage

data capture aid | e sensing neans to said ground control; and
(ii) 5 receL%@BﬁgﬁEWQH@F%g?@@ %ﬁﬁr@gtﬁ fa hvesan @egal wew Frsuchpvepta &pen
means to maintain said UAV in a hovering position relative to a

pr edet er i ne?n 3liBjdecthat vouldgive a speelgfors septroling veer thedasirpdhirdsirye
means for substantially keeping 5 said UAV in a hovering position
conpri ses a Yavl dchshbhipctayiteounitid dangerseusdisad vantageasybit wrbulérsoe, down
anbient air. Preferably, the gaseous matter is supplied in conpressed
and/ or | i quedriafid, naind, wativelynshdre airbbees peliiod and avglo ussfsoasadcimted with
controll ed by val ve neans. The gaseous matter is preferably a supply
of conpr essetkliooplergiuelti eduhkelfutner He) dedirdtes nibt weich, abhel gazBmes be
matter is hot 10 air generated by heating anbient air with a heat

sour ce on-boaiflandel @ shechf htleasbesthamitkg bhgilot SletgRavietiPit &Nd/s@igle-
| eakage of gaseous matter fromthe balloon is controlled to achieve

any one @f CeEhhéRheM) vehick desired or preset altitude, ascend or
descend rate. 15[012] In a second aspect of our invention, the

di rectional propul sion neans

[009] Another desirable feature would be to have the vehicle kept afloat or
airborne with the less drive or passively so that power may be conserved for
directional driving only. With this feature, the airborne time of the vehicle may
15 be greatly prolonged. Still, another feature desired is to have such an aerial
vehicle automatically tracks and moves in the air according to the direction of

movement on the ground of a subject or a user in control of the aerial vehicle.

[010] As a general embodiment of our invention, an unmanned aerial vehicle
20 (UAV) with hovering capability is provided comprising (a) means for
substantially keeping said UAV in a hovering position; (b) directional propulsion
means; (c) image sensing means; and (d} means for transceiving signals
toffrom said UAV with respect to a ground control, including (i} sending image

data captured by said image sensing means to said ground control; and (ii)



i ncl udes any one or conbi nation of propeller, rudder, drive actuators
and control neans therefor. [013] In a third aspect, the inmage
sensi ng neans conprises at least an 20 electro-optical and/or
infrared i mage sensor capabl e of sensing, capturing and sendi ng i mage
data to ground control, including contiqgous vi deo stream ng data
and/or stills capture data by wireless ttansm ssion. Preferably, the
i mage sensors include any one or conbination of |ens zoom ng, pan and
tilt feature nati | @Bge.; Sn e :
%ce&krggfg@g%;?vfsgxmwﬁdgg@gaﬁﬁsﬁéu proBIsKACmBRYs B indftain,

conbi nation of 1n yperspectral 1 fage

or et or abl y e vab K anoYerlodsAER Bk e 4P 3T e npor

housed on-board said UAV. 5[014] In a fourth aspect of the unmanned
aerial vehicle according to our invention, the sensing neans for
assisting in i tioning and navi gation preferably Jincludes any one
or in conbi n@ﬁiqf)n l3sa éﬁgéﬁj?%‘i’ e‘?‘-%dﬁﬂ?rﬁionbg?%ﬁ%@caé‘ﬁ,fo‘éS%a'alf@Bd@eP'%
di gital conpass, and the |ike. 10,%015] In a fifth aspect, our UAV may
be confi gur e?Ri¥ dAbVer@ BPVeingr BeRiTQT gPmBHSeS & balvendiable withric gasepus
virtual tether to a noving ground control. Specifically, it may be
configured t®aHewkghtet thanprrebientaini ryafeapblyt ingegansdudineatigide sahpliatl i
a noving ground control. Alternatively, it nay be configured to hover
at a predet esampredsed entloddicartiedi stdmderéiagiyengldsski intb gasddisntoring
ground control. Yet, another alternative is to configure it to hover
at a predet ecanitrotied| iy tvade awrdnsi Fhangesdonsamettet ualpréfetdidy & gupply of
novi ng ground control upon which the i mage sensing neans are preset

to aut omati cadrhpyrebsed or lidgisficaialiabd jHe)oUAltdIANtiVERY, the gaabeud maltey & hat

a predetermned altitude and distance in a virtual tether to a

predet er 19 neglr gedra®ld BiPeSatiMg Ahbikheait WRES heat source on-board. In a specific
embodiment, the release into and/or leakage of gaseous matter from the

balloon is controlled to achieve any one or combination of a desired or preset

altitude, ascend or descend rate.

15 [012] In a second aspect of our invention, the directional propulsion means
includes any one or combination of propeller, rudder, drive actuators and

control means therefor.

[013] In a third aspect, the image sensing means comprises at least an
20  electro-optical and/or infrared image sensor capable of sensing, capturing and
sending image data to ground control, including continuous video streaming
data and/or stills capture data by wireless transmission. Preferably, the image
sensors include any one or combination of [ens zooming, pan and tilt features.

Alternatively, the image sensors include any one or combination of infrared,



20sensi ng neans are preset to automatically train. 7 LIST OF
ACCOVPANYI NG DRAW NGS [16] To assist in better understandi ng our

I nvention, we would now refer to the follow ng draw ng(s) which
acconpani es this specification. The drawings 5will be further
described in detail in the followng as non-limting and exenpl ary
illustrati on of specific or preferred embodi nents of our invention,
in which: [17] FIGJURE 1 discloses a schematic diagram of the main

: . . e : ' N
component s SAt-4dhg bnf AREREBHHC Tkl et ) D B SRR
Searnd © PoBRRAESRt Paco e BECBIERTBACIER PR B ines
navi gati on and 15surveill ance in i ch tge %/is virtually tethered
to a nmoving gct @nb@dwon housed on-board said UAV.

5 [014] In a fourth aspect of the unmanned aerial vehicle according fo our
invention, the sensing means for assisting in positioning and navigation
preferably includes any one or in combination of an altimeter and/or barometer,

a GPS decoder, a digital compass, and the like.

10 [015] In a fifth aspect, our UAV may be configured to hover at a
predetermined altitude and distance in a virtual tether to a moving ground
control. Specifically, it may be configured to hover at a predetermined altitude
and distance ahead of a moving ground control. Alternatively, it may be
configured to hover at a predetermined altitude and distance tagging behind a

15 moving ground control. Yet, another alternative is to configure it to hover at a
predetermine altitude and distance in a virtual tether to a moving ground control
upon which the image sensing means are preset to automatically train.
Conceptually, our UAV may be said to hover at a predetermined altitude and
distance in a virtual tether to a predetermined subject upon which the image

20 sensing means are preset to automatically train.



control . [20] FI GURE 4 shows anot her configuration of tracked

navi gati on and surveillance in which UAV is virtually tethered to a
subj ect under video 20surveill ance wherein the ground control or user
is el sewhere. [021] FIGURE 5 shows a | ogic flow diagram of the signa
and data 8 DETAILED DESCRI PTI ON OF SPECI FI C EMBODI MENTS [ 22]
Briefly, the vision capability achieved {ith our invention extends
beyond the normal visual range by using video i mage gat heri ng neans

froman 5 eg %@gq\é@ét ’FEF_‘.FQ\IQ_CIW(QB%WIWSGI UAV equi pped with opti cal
sensors and ; em - aut ononmous UAV wi | |
automatically fly at a designated or preset distance away relative to
the user. Captured videos or still imges may be wirel essly

transmtted t.o the user. Wien the user's posjtion is changed as
e or she molREl +HRAtEs T deteR PGS RENAIG uriBUeIons WerouluY Fer
position to stay at that relative designated or preset distance away.
Thus, the uAlengjowBIFawiG(3)ovhish asrompanigst Bisngrgcfispiionr ddet diewings
| ead, the user's current position. [23] Associated with this preset
navi gat i oh whilllke tirthpodeascripedin detedre M falowinpsasners-émitog arsl exemplary
subj ect of canera training is "virtual tethering" which neans the
UAV' s posi tiibestrdtioh dfepeaditiomapieferted/emhadigetswot durimeegndion, inavhitie
novi ng user or subject in a virtual tether. Wthout a real tethering
cable or cord, there will thus be no dangers of getting the actual or
physi cal tether entangled with overhead utility cables, bridges,
bi | | boards, [Onges RGURE helisdddeerd suhenthtRtdisgabr 6/he main components and

their configuration in a UAV according to our present invention.

10
[018] FIGURE 2 illustrates a simplified elevation drawing of a UAV according

to our invention embodied as a balloon device.

[019] FIGURE 3 shows two configurations of tracked navigation and
15 surveillance in which the UAV is virtually tethered to a moving user or ground

control.

[020] FIGURE 4 shows another configuration of tracked navigation and
surveillance in which UAV is virtually tethered to a subject under video

20 surveillance wherein the ground control or user is elsewhere.

[021] FIGURE 5 shows a logic flow diagram of the signal and data

transmission and actuation of  components of the UAV.



20 [24] Caneras on board the UAV may be preset, or dynamcally
controlled, to train on a subject to capture visuals whether in form
of video or stills. The UAV's canera nmay be configured to | ook ahead
of the user (e.g. at a preset 9 scope or field of vision at forward
terrain ahead of the user |eading an advancing mlitary unit) or to

| ook at the user as the subject. [25] TH® UAV is expected to be

| i ght wei ght and conpact and can be hand- 5 packed and depl oyed

qui ckl y. ~Oncgedapl ey ool br B BbGhIERTSPOT e at a

designated d suppr essi on
situations, the field commander may choose to depl oy several such
UAVs at positions and altitudes of his choice to provide bird s eye

view from nulti.pl e angles for, better views on cro si ze, hi dden

bl ement o behiORdT oS | es Yaied Fo0EH NG SRUGUor | Ghra gl gxtends
traffic jam the UAVs may he controlled to fly to trail an el ongating
jam from a gbp¥angdRke sormak vishal apepe bidsiag vislgotimage igathasingraeans Eom@n
divert fresh traffic fromjoining up with the tail end of the jam

[ 26] WhenS cotlpvaigdwiostion popnidehaypIYAY eguippaé wilh\epioaesgdorsaarst the likay
15 thus provide the vital visual confirmation in real tine for action
to be taken Thereditaneinpus opr esgrbi-autoncloous eddidiwily afitoenadictly ffr at a
review and analysis later, or for purposes of evidence-taking. Wth
such capabi | d¢sigmteteripcepdtaiistdeps aymmntlating to tthe assn ciGHpated 0ddepsaad
dangers may be avoi ded. Depl oynent of personnel as spotters atop tall

bui | di ngs f ogtilll ieeiges uhap bepoisessshP trapymade8d bk tovibedeedr.anihas srciigdred

dangers such as a spotter trapped by an angry nob, for exanple, thus

savi ng on VapesAiireishEHEPQBEas’ BS @MIsBBSmoves, the UAV will automatically move its
10 airborne position to stay at that relative designated or preset distance away.

Thus, the UAV may be preset to follow, or alternatively preset to lead, the

user's current position.

[023] Associated with this preset navigation while airborne with reference to
15 & user or to a subject of camera training is “virtual tethering” which means the
UAV's position will be automatically changed with respect to the moving user or
subject in a virtual tether. Without a real tethering cable or cord, there will thus
be no dangers of getting the actual or physical tether entangled with overhead
utility cables, bridges, billboards, trees and other interfering structures.
20
[024] Cameras on board the UAV may be preset, or dynamically controlled,
to train on a subject to capture visuals whether in form of video or stills. The

UAV's camera may be configured to look ahead of the user (e.g. at a preset



[27] In maritinme surveillance operations, several such UAVs may be

10 "virtually tethered") to the patrol vessel. This gives the
operation i medi ate expanded visual field beyond the horizon and thus
conpl ementing their radar equipnment. Expensive aircraft sorties need
not be | aunched if not necessary, i.e. if only for the purpose of
surveillance, unless a mlitary action i% to be taken. 5 [ 28] For
recreation or sporting purposes, especially the aforenentioned

eamoramon” TRBE POkt HEDHCE] G ArE HERPanan G ot Per S8 el ar
volved 10 HnerEReENG LR A Bl 7idfe SREA eI Thoer i 1| now

not need to risk another clinber with a canera or a helicopter which
may generate turbul ence or downdraft detrinental to the action or
safety of the sportsnen, Getting into the action of w ndsurfing wll

now not need928eal Mﬁgﬂﬁr@x@ﬁc'ﬁgéé@ de lightweighirandaeepad Andran Br hand-

viewed with a "rear" followng viewto capture all the best 15

moment s ahd Reakedmnd daplavediquickly Qneaideplovrd, dnevawiliflyiaff asd staxtairborne
require "eyes" to | ook further, safer and cheaper can now be

achi eved. [29h Jdesigdiedvdistbhee.af boesaedn cloevdUsdhtrotedrinb dioh ralippyestsem
according to our invention nay now be described in detail with
reference tositdatiozs thed@ipaayimender avayngisoose fohéedloy keveragsudh&lAVs at
princi pal conmponents of our invention conprises of a |ightweight

conpact bal | gsyitidodVandaltiude3NeNeiE SchiliceS RIThraditied BIRND Uy eNdwivaddr O ultiple
systens on board the UAV, video and/or inmage capturing sensors,

i ncl udi ng. Opéﬂ%@é fo? DRYEF Sie@B POGbAdIINE, UiMenadléman@alaMind Ko driar
transmtting the sensor data.

10 crowd movement. In a vehicle traffic jam, the UAVs may be controlled to fly to

trail an elongating jam from a gridlock situation and thus allow traffic controllers

to divert fresh ftraffic from joining up with the tail end of the jam.

[028] When coupled with zoom capabilities, the UAV-mounted cameras may
15 thus provide the vital visual confirmation in real time for action to be taken
immediately, or enable video recording of events for review and analysis later,
or for purposes of evidence-taking. With such capabilities, helicopter
deployment and its associated costs and dangers may be avoided.
Deployment of personnel as spotters atop tall buildings for look out purposes
20 may also be avoided and associated dangers such as a spotter trapped by an

angry mob, for example, thus saving on valuable manpower resources.

[027] In maritime surveillance operations, several such UAVs may be

launched to follow the patrol vessel at a designated distance relative (or



11 [30] Alternatively, with or without the navigation systens, inmage
sensors and datalink systemw th a user serving as ground control, a
self-follow ng and hom ng systemfor the UAV may be provi ded either
as an independent nodul e 5or integrated with the overall system
according to our present invention. [31] As proposed, a |ightweight
conpact balloon UAV is used as the mai n THobi | e platform Wth its
conpact size, it may be hand-packed and | aunched quickly and easily,

ei ther from gﬁrl‘%ﬁw tL: \ér?% "z’rto Itﬁ% rﬂgg\{o?)@egfél,l TR%L@?E%Q% oé:\yefegito gi%'irgg:@gte

appropriate valve’con oon §i ze e regu

filled with the ropriate amunt, of |.ight such as hel i and
thus the UAVSHRSOBE iitah SpiePeiond thE izt enHlayh Comperagina Rg resis
best angle of sight with the assistance of a snal ropeller and a
Pudder w t nopiadRyL Biraab e e SoRaE Aoy e PEGRH ikt oAe S,
ener gy consu_{g)t_i on may be brought down to the 15| owest, thus allow ng
maxi mum f 1 i gt ik gnpeforthepurppaa ohauvelanesmuniasy a piitardictonis tads taler
to an altitude of about 100 mto 200 m This allows a good opti cal

pi ckup of>a localized region with significant details. The ball oon,
with its payl oad and helium supply providing 20 the lift, can
oper at e in a@8hathoratecesationi oy speripgr pinppess, oéspebBllyt theg8aforementioned
Preferably, however, the ball oon should be operated in no or |ow w nd
condi tions, éxtemd® bpords,kribéss BAVshahayt be alephyede gzosicmicid airbdorne
navi gation is not too nmuch affected and so that its conpensating

propul si on deemenrmhed tian folavgTteh acieT ay desigihtddediAYicBOWE eSO HERs
12 [33] As shown in Figure 1, batteries nay provide the source of

power suppl ymaytige atdns@iithl HERRPRASRESsPEhBIS t&NEnjdNalt & afbid reRRN
in the balloon UAV. Wilst it is shown that each conponent is

suppl i edgv tfistah8e OVRLVARYRAN SRHERR: mdlhiih Slifnbf NEIMBYAE Rt need to risk
di agrammatic representation only. It would be
another climber with a camera or a helicopter which may generate turbulence
or downdraft detrimental to the action or safety of the sportsmen. Getting into
the action of windsurfing will now not need real cameramen on boats. Even car
racing can now be viewed with a “rear” following view to capture all the best

15 moments and actions. In fact, any situations or activities that require “eyes” to

look further, safer and cheaper can now be achieved.

[029] To achieve the aforesaid, the UAV, method and system according to
our invention may now be described in detail with reference to the
20 accompanying drawings in the following. The principal components of our
invention comprises of a lightweight compact balloon UAV, an autonomous or
semi-autonomous navigation systems on board the UAV, video and/or image
capturing sensors, including optical sensors on board the UAV, and a datalink

system for transmitting the sensor data.



5 obvious that as an alternative all these conponents may be
configured to share a common power source froma single battery pack
providing the requisite voltage and current. [34] Optical sensors may
be installed to capture and provide a video data 10 stream feed 2
which will be sent to the radio nodens or transmtters to be
transmtted to a user or ground control MA di gital conpass may
provide digital signal of the UAV's directional heading 3. An onboard
GPS decoder may provide the UAV' s current geographical position 4.
Wth the directional heading 3 and geographi cal position 4, user
position and ir itude, 7, a.control 15 ¢ uter will be able
to conpute t[}dg)’%iec@g%ﬁ%@\’e et Vil GF i 5& étﬁ%tngygagggr‘?éfs{?ﬂj\fe '"REC o 9\Fas
actuators to i nt ai ositign or altitude of the UAV if i as.

ri fred due 20t SARINE shaEm Wil 2 e seniiip drain sl s sekialoving and
position as controlled by the user, or automatically changes its

ai r bor ne posi®MEW ?Wteﬁ&ﬂ%l the|UAY iMavabe pryitedseibjes és'as ingersndent module
Current UAV's directional heading and 20 position 6 may al so be sent
back vi a 1 heotiatagated ddinstheoveradmyriem aecardinghie ouspresemhisventione
actuators will finally nove 11 flight surfaces of the balloon UAV to
fly to the desired direction and/or position. The drive actuators
will also control heliumsupply valves 10 to inflate the balloon 12
to an opti nufd3ddl ukeptoposad, s lighieyeigit | coopadAValant DAVdiesiseddasattid thatte
as required by the user. 13 [35] Autononobus and navi gation systens
on the UAV amebiwpiefdrran Wohntd ddnepddh¥izeWitrhay he raiHdoswired anan@unched
navi gati on systenms providing the requisite directional and position

data as wel | q@skly Aang @akipleithbr £H@ dreLnd BVEUBPFYM\AbY 88 bbldHes. Wit the
and directional actuators, the UAV can automatically fly, align and

navigatejjts PatBRENOSSHHN the ta)I66H &F 864 Wi
Figure 2. L R droptB VAN OGS tHo 0B IB8H Izl%qgrg%%d]tee@tg]he fa be flBd wifh,

it ot desi ' ' |
upbty” oo o g U S W S gy e
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suspendi ng. ranrt #8 Y HESAE ool ;SPGB el et datt avh iy
rom the ol TOmR T SRy diels? aRbch Feery afiuf odeie EaRg) Bovided
%Z{,u?go[):r]?od%ﬁ%g%l | ln??hg)(#{\pg e%%?gt;yr %!)F}SCUOI’T} tlljc}nana\y llael bzricladg%\{vaﬁ)%jnl tct))ot e

15 lowest, thus allowing maximum flight time.

[032] The balloon UAV may typically be deployed to an altitude of about 100
m to 200 m. This allows a good optical pickup of a localized region with
significant details. The balloon, with its payload and helium supply providing
20 the lift, can operate in any natural existing temperatures of -40°C to 80°C.
Preferably, however, the balloon should be operated in no or low wind
conditions, i.e. 0 to 5 knots, so that it's airborne position and navigation is not
too much affected and so that its compensating propulsion does not drain too

much energy from the UAV power source,



15 and turning maneuvers when the propeller 18 is providing forward
thrust. The propeller 18 can also be actuated to rotate in reverse
direction to provide reverse thrust to fly the ball oon UAV backwards.
[37] Optical sensor payload on the UAV may preferably contain an

el ectro- 20 optical and/or infrared (EO/IR) sensor system onboard
GPS, along with the aforementioned digit'ldl conpass, radio nodens,
contr ol corrputer drive actuators, batteries and helium supply. The

opti cal sens Wi eV S t ransmni tt back
05 the user B f i sEORDBSFELE %.%%f’e“sgﬁ‘ﬂ%sp@&*ﬁ ober bR poRe!
different uses. IR an ow- | ight caneras 14 used far

operat ons. SERN L4pdhe he{.cgg%eaﬁn‘%ea%@% Bﬂqtﬁ%masaw%wejaﬁhe Babaor
opti cal sensor f\ﬂ,ﬁl enses if pI i cable, wll pl aced within a
protective hdaY: nﬁp b1 Reowe Yl sea&#1r%mwe@6'%awm'ﬁ€ Withh & SWMPRigh
a transparent w ndow or viewport 17 in Figure 2 to protect the
sensitive de¥¥es fisoiha RehgepbhendingranEglic Agpigaeristion onhe itiFeud &
hyper spectral sensing engi neering has enabled sinplified

confi gur at i opb\isustibal eesn afaciative all thasediomparssts may beSonflatredtto Sbare
7,135,682 (University of Hawaii) which is admtted here not as a 10
pri or art bua coatrhen pasvearscenablfiony at siobleobaitpry qeagsl eoeidinign theo vequisite
invention. In this enabling art, wherein a conbination of an

i nt er f er onet witagetdndarigntool ed mi cro- bol oneter array canera has
enabl ed the capture of hyperspectral inmages w thout the use of

conventional bul ky, power-intensive notorized conponents, thus making
it suitable for small nobile platfornms such as a UAV. 15 [39] A

datal i nk sysjpen) f @pilchhBSMEdE | 'nﬁw/ b@%s"-‘t@ﬂbﬁpfo S t8raTBYd ‘P%Wé a8i®do data
wi rel ess conmuni cation protocols and data | ayers to all ow both uplink

and downlq nksipfandadéy 20RMehi Wk tS‘éJgHHtmh Lﬁ(«}ﬁ}ﬁ}dgdh %%ﬂs%ﬂfers to be

transmtting videos and | mages an ormatl on.
Upli nk Compér%?ﬁllté’(ﬁ]?o \é‘dsler 16? ground control. A digital compass may provide digital

signal of the UAV’s directional heading 3. An onboard GPS decoder may
provide the UAV’s current geographical position 4. With the directional heading
3 and geographical position 4, user position and desired altitude 7, a control
15 computer will be able to compute the necessary actuators’ parameters 9 and
move the drive actuators to maintain position or altitude of the UAV if it has
drifted due to wind conditions, or to change or move to a new position as
controlled by the user, or automatically changes its airborne position in parallel
with a ground subject's movement. Current UAV’'s directional heading and
20 position 6 may also be sent back via the radio modems or transmitter to the
user. The drive actuators will finally move 11 flight surfaces of the balloon UAV
to fly to the desired direction and/or position. The drive actuators will also
control helium supply valves 10 to inflate the balloon 12 to an optimum volume

to raise the balloon UAV to the desired altitude as required by the user.



20 used for transmitting the current |ocation and direction of the
user to the UAV for self-follow ng or navigation purposes. This
datal i nk system nay be procured as a commercial off-the-shelf (COTS)
radi o nodem product if our UAV conponents are to be configured or
built fromdigital electronic conponents. This nodem preferably has a
data rate of full duplex 30 kbps, and 1% supports encrypted

transm ssion and operates in the frequency band of 1755 to 1850 MHz,
whi ch can be changed to operate in the VHF/ UHF or Ku-band
frequencies. 5[040] To facilitate speed and ease of video data

t 1 SSi j ferred . that r video | i ng ,capture and

tranani sei ol poByBNEREUT AT MEIoalPh SYSIEEE AR TR DAY aee hpusedpa hoar
i ession, preferably with MPEG 4 or. MPEG 2

Conbes s ol UAReCHBH 55 ey bR B v o et

our UAV is to have the capability of conmmunicati n? via direct
| i ne- of - si ghflirgttiony! and peyiare daishas gralli ahin cetas)ot fhe hgliareaveply valves
connections where the user or ground control is at a distance far
away frond t h#0sdibyeeend atigctioral @Riuators ttoe iUAY chatadobptclly fywdligasarida
the case of our balloon UAV being depl oyed to track conpetiting
yat ches 15i nnavigaipdisel émaspldcaiion wdhpeferdncerto whe Usert he user or ground
control is located several kilometers on shore. [042] Self follow ng
and hom ng systemmay be illustrated with reference to
[036] In Figure 2, the helium filled balloon 13 will provide the lift to raise it to a
desired altitude. The amount of helium released from the supply (which may be
10 in the form of compressed or liquefied gas) via a valve may be controlled by the
control computer. With suspending ropes 14, the balloon will lift up the payload
containing all the components. Helium feed is provided via a valve and pipe 15
from the helium canister to the balloon. A rudder 16 driven by actuators and
controlled by the control computer will allow balloon UAV to perform yawing
15 and turning maneuvers when the propeller 18 is providing forward thrust. The

propeller 18 can also be actuated to rotate in reverse direction to provide

reverse thrust to fly the balloon UAV backwards.

[037] Optical sensor payload on the UAV may preferably contain an electro-
20 optical and/or infrared (EO/IR) sensor system onboard GPS, along with the
aforementioned digital compass, radio moden%s, control computer, drive
actuators, batteries and helium supply. The optical sensors will capture videos
and images to be transmitted back to the user. Different types of optical

sensors can be mounted for different uses. IR and low-light cameras can be



FIGURE 3 and FIGURE 4 collectively. The Self-follow ng and hom ng
system 20 in the UAV w |l nmake use of its own |ocation information,
the user's |ocation information, and then conputes the new | ocati on
it shall fly to adhere to the following criteria. Directional data
will so be conputed depending on what the UAV is configured for - to
| ook ahead, or |ook at the user. 16 [33] The control conputer
retrieves the user heading and |ocation, desired altitude of the

bal | oon UAV, [ LoR-and | Qi g di r
conput er vi A Ther AE ShEReRR 2o | ARLBIC HPBF SohRaTb: U8 £5 reach
oL e bR ns R T B RO EE e
conpass and onboard, , the control, conputer will c ut e actuator
ar At or o t BT i B <aEF | Brectae dudEPlie Biacks) TERHELy & Brigrsren
maneuver the balloon UAV to the _new position. Typical operating range
for this bal VHSRWUAWRIPPILY it Sishtie Sotp Ratectiiisosensitinet devises Fammi he
nodens, the actual comunication range nmay be extended to around 10
6000 m J 44§'eMECSRE 5 shows a typical |ogic flow diagram of the
signal and data transm ssion and actuation of conponents of the UAV
upon whi ch our self-navigating with "virtual tethering” my be

i npl enented with the actuation of the 15flight controlling el enents
of the UAV. [0B8b] Advamced dnbéheobiniraned hgperspectsdnsbm@singgengidéarargy has

skill in the art that many of the conponents, devices, process or

| ogi ¢ fl ow dembiddetinpigiedi configyrdtienndddéliess, aldnetedhal @idci$edrin U.S.
substituted with alternatives or equivalents that 20 we have not

speci fi cal | ypstescNobgdh 356682 (UMesrsay &f tHvgaiD AhidiP iPEdSRRS Beeetbtass a
departures fromour invention but as falling wthin the scope and
spirit ofy oUricklaad bR rbihat ab @Anl &Mbling technology complementing our invention. In
this enabling art, wherein a combination of an interferometer with an uncooled
micro-bolometer array camera has enabled the capture of hyperspectral
images without the use of conventional bulky, power-intensive motorized
components, thus making it suitable for small mobile platforms such as a UAV.
15
[039] A datalink system for transmitting the sensor data may comprise of
wireless communication protocols and data layers to allow both uplink and
downlink of data. Downlink communications will be used for transmitting videos
and images and other UAV flight information. Uplink communications will be
20 used for transmitting the current location and direction of the user to the UAV
for self-following or navigation purposes. This datalink system may be
procured as a commercial off-the-shelf (COTS) radio modem product if our

UAV components are to be configured or built from digital electronic

components. This modem preferably has a data rate of full duplex 30 kbps, and



17 CLAIM5 What we claimare: 51. An unmanned aerial vehicle (UAV) for
tracking a dynam c subject conprising: (a) neans for substantially
keeping said UAV in a hovering position; (b) directional propulsion
means; (c) image sensing neans; and Ft) (d)nmeans for transceiving
signals to/fromsaid UAV with respect t(1)5a ground control, including

supports encrypted transmission and operates in the frequency band of 1755 to
1850 MHz, which can be changed to operate in the VHF/UHF or Ky-band

frequencies.

5 [040] To facilitate speed and ease of video data transmission, it is preferred
that our video imaging capture and transmission on board the UAV be carried
out with industrial standard compression and decompression, preferably with

MPEG-4 or MPEG-2 codecs.

10 [041] Another preferred wireless transceiving feature of our UAV is to have
the capability of communicating via direct line-of-sight (LOS) or beyond-line-of-
sight (BLOS) via SATCOM connections where the user or ground control is at a
distance far away from the subject and the UAV monitoring that subject, such
as in the case of our balloon UAV being deployed to track competiting yatches

15 in an open sea sailing competition while the user or ground control is located

several kilometers on shore.

[042] Self following and homing system may be illustrated with reference to
FIGURE 3 and FIGURE 4 collectively. The Self-following and homing system
20 in the UAV will make use of its own location information, the user's location
information, and then computes the new location it shall fly to adhere to the
following criteria. Directional data will so be computed depending on what the

UAV is configured for — to look ahead, or look at the user.



(i) sending image data captured by said i mage sensing neans to said
ground control; and (ii) receiving signals for controlling said
directional propul sion neans; is wherein the directional propulsion
means conprises drive actuators controlling supply of gaseous nmatter
into the UAV for raising and |owering the UAV to a predeterm ned

hei ght relative to the object tracked arlf the directional propul si on
nmeans configured such that the UAV hovers at a predeterm ned altitude

and di st ancer ?]v w F oi 0‘8 %"Eer r%treh/ sq})@ gérchéébt?rlhéa%hd |§<98tl§ t@g 'r(;ﬁd

unmanned aer e accor to ¢ mhere

I n r,co natl el l
Puoter - ari vathzedihy Baled Wfoa% EHEn ARt rdfbaine BEge i the user
d I hicle (UA to Clalml vvherelnthe nmeans
for substant %%P%%k%%pﬁﬁdagﬁfag 0 djﬁﬁlg INEUBRIHY'SHBER UsEH 12 GRpPUL KIS
balloon fillable with a gaseous matter |ighter than anbient air. 5
4. An unnmann@e desatign, béﬁﬁl@gé%ewmﬁn@f the tealigom BAYh¥Yik gurrent position

gaseous matter is supplied in conpressed and/or |iquefied, and
wherein the ard baadng rﬁ@tﬁleg%{%é’@U‘stﬁedﬁlﬁitﬁ@Oﬁ’mﬂSB@ﬂdeWﬁ&ﬁrd/@% theanstrol
10 5. An unmanned aerial vehicle according to Claim3 wherein the
gaseous computer will compute actuator parameters to drive the propeller, rudder and/or

helium system to maneuver the balloon UAV to the new position. Typical
operating range for this balloon UAV will be around 500 m to 1000 m. With the
radio modems, the actual communication range may be extended to around

10 6000 m.

[044] FIGURE 5 shows a typical logic flow diagram of the signal and data
transmission and actuation of components of the UAV upon which our self-
navigating with "virtual tethering” may be implemented with the actuation of the

15 flight controlling elements of the UAV.

{045] It would be obvious to a person having ordinary skill in the art that
many of the components, devices, process or logic flow described herein may
be modified, altered, varied or substituted with alternatives or equivalents that
20 we have not specifically described here. They are thus not to be considered as
departures from our invention but as falling within the scope and spirit of our

claims that follows.



matter is a supply of conpressed or liquefied helium(He). An
unmanned aerial vehicle according to Caim3 wherein the gaseous
matter is hot air generated by heating anbient air with a heat source
on-board. 7. An unmanned aerial vehicle according to any one of
Clains 4 - 6 wherein the release into and/ or | eakage of gaseous
matter fromthe balloon is controlled to achieve any one or

conbi nation _of a desired or preset altitude, ascend or descend rate.
8. An unmani&bAlMSrial vehicle according to Caim1 wherein the i mage
sensing neans conprises at |east an electro-optical and/or infrared

i mge sensor capable of sensing, capturing and sending imge data to
ground control, including continuous video stream ng data and/ or
stills captwrategat @daly ard:9 wirel ess transmssion. 9. An unmanned
aerial vehicle according to Caim8 wherein inmage sensors include any
one or conbination of |lens zoom ng, pan and tilt features. 5 10. An
unmanned aerial vehicle according to Caim8 wherein the inage

sensors 4ok AR e BRI BB RN b s ARl
comprising:
(@) means for substantially keeping said UAV in a hovering position;
(b)  directional propulsion means;
(c) image sensing means; and
10 (d) means for transceiving signals to/from said UAV with respect to a
ground control, including
(i) sending image data captured by said image sensing means to
said ground control; and
(ii) receiving signals for controlling said directional propulsion means;
15 wherein the directional propulsion means comprises drive actuators controlling
supply of gaseous matter into the UAV for raising and lowering the UAV fo a
predetermined height relative to the object tracked and the directional
propulsion means configured such that the UAV hovers at a predetermined
altitude and distance in a virtual tether to the dynamic subject.
20
2. An unmanned aerial vehicle according to claim 1 wherein the directional
propulsion means includes any one or combination of propeller, rudder, drive

actuators and control means therefor.



toll. An unmanned aerial vehicle according to Claim9 wherein the

| mage sensors are trainable on the predeterm ned subject froma

vi ewport housed onboard said UAV. 12. An unnmanned aerial vehicle
according to Claim1 further including 15 sensing neans for assisting
i n positioning and navigation, includind8any one or in conbination of
an altimeter and/or baroneter, a GPS decoder, a digital conpass, and

the like.

13. An unnmanned aerial vehicle according to Caiml

configured to hover at 20a predeterm ned altitude and distance in a
virtual tether to a noving ground control. 14. An unnmanned aeri al
vehi cl e accdr di n@ntléi"”@ﬁ'&”?ﬁ f@”ébﬁﬁh@l@r HdAVY aesording tto LClgiradbtvdiereine the
altitude and di stance ahead of a noving ground control. 20 15. An
unnmanned aemieahsJehsubsantalty keeming sald &AW I8 aclooaripgr pokition ltowgrisas a
a predeterm ned altitude and di stance | aggi ng behind a novi ng ground

control.
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20

balloon fillable with a gaseous matter lighter than ambient air.

4, An unmanned aerial vehicle according to Claim 3 wherein the gaseous
matter is supplied in compressed and/or liquefied, and wherein the release into

gaseous form is controlled by valve means.

5. An unmanned aerial vehicle according to Claim 3 wherein the gaseous

matter is a supply of compressed or liquefied helium (He).

6. An unmanned aerial vehicle according to Claim 3 wherein the gaseous

matter is hot air generated by heating ambient air with a heat source on-board.

7. An unmanned aerial vehicle according to any one of Claims 4 — 6
wherein the release into and/or leakage of gaseous matter from the balioon is
controlled to achieve any one or combination of a desired or preset altitude,

ascend or descend rate,

8. An unmanned aerial vehicle according to Claim 1 wherein the image
sensing means comprises at least an electro-optical and/or infrared image
sensor capable of sensing, capturing and sending image data to ground

control, including continuous video streaming data and/or stills capture data by



5 16. An unnmanned aerial vehicle according to Claim 13 configured to
hover at a predetermine altitude and distance in a virtual tether to
a noving ground control upon which the i nage sensing neans are preset
to automatically train. 1017. An unnmanned aerial vehicle according to
Claim1 configured to hover at a predet’é nined altitude and di stance
in avirtual tether to a predeterm ned subject upon which the inmage
sensi ng neans e reset .to automatically train. 18. An unnmanned
aerial vehi M&essd BS'PB' Claim1, further conprising a
15t el ecommuni cati ons system i ncl udi ng audi o, video and control data
stream ng capabl e of being recorded. 19. An unmanned aeri al
vehicl e according to aim1l, further conprising a tel ecommuni cations
syst em i ncl 8di ngAaudhnmaangdyv eddal dahitlstacanding tapabie 20whebsinngnage
fed to a live broadcast. 20. An unmanned aerial vehicle according to
G aiml, fuséhirs e shypeng onMcoalmRssid Sfageasbomitid, ©@n and tilt features.
5
10.  An unmanned aerial vehicle according to Claim 8 wherein the image
sensors include any one or combination of infrared, low-light and hyperspectral

image capture for low light and night vision operation.

10 11.  An unmanned aerial vehicle according to Claim 9 wherein the image
sensors are trainable on the predetermined subject from a viewport housed on-

board said UAV.

12. An unmanned aerial vehicle according to Claim 1 further including
15 sensing means for assisting in positioning and navigation, including any one or
in combination of an altimeter and/or barometer, a GPS decoder, a digital

compass, and the like.

13.  An unmanned aerial vehicle according to Claim 1 configured to hover at
20 a predetermined altitude and distance in a virtual tether to a moving ground

control.

14.  An unmanned aerial vehicle according to Claim 13 configured to hover

at a predetermined altitude and distance ahead of a moving ground control.
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15.  An unmanned aerial vehicle according to Claim 13 configured to hover
at a predetermined altitude and distance lagging behind a moving ground

control.

16.  An unmanned aerial vehicle according to Claim 13 configured to hover
at a predetermine altitude and distance in a virtual tether to a moving ground

control upon which the image sensing means are preset to automatically train.

17.  An unmanned aerial vehicle according to Claim 1 configured to hover at
a predetermined altitude and distance in a virtual tether to a predetermined

subject upon which the image sensing means are preset to automatically train.

18.  An unmanned aerial vehicle according to Claim 1, further comprising a
telecommunications system including audio, video and control data streaming

capable of being recorded.

19.  An unmanned aerial vehicle according to Claim 1, further comprising a
telecommunications system including audio and video data streaming capable

of being fed to a live broadcast.

20.  Anunmanned aerial vehicle according to Claim 1, further comprising a

wireless broadcast system.



