10

15

20

1 Hovering UAV with virtual tethering capability 5 TECHNICAL FIELD
[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 1o 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 Hel @ueringyANAwitiirvistioalFethering capattity
radar surveillance, long-range radar may 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, deploying escort
qréﬁﬁl{ﬁ@ﬂrﬂg,:ifﬂgwe. 2 [003] Apart from the military need for visual

T ject or target, the need for "beyond visual range"
(BVR) capability is also important for

[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
for tracking a moving subject as well as means for image acquisition of the

subject and telecommunications link to a ground control.

BACKGROUND ART

[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
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, deploying escort

or just leaving it alone.
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local government 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 large crowds - whether an unruly one which
may deteriorates into riot or a peaceful rally, security personnel in charge
of crowd control will need to know the pumber of people and their
movements through streets and alleys or areas spilled over by the crowd,
potential hotspots for stampede, etc. 10 Deploying personnel on tall
buildings may provide the necessary visual information but from a static

oint of view which may become out-dated quickly as the crowd moves
ﬁ?pﬁie stheaid BBy isoMiaproviegchéneopasal iserpenaienanl aasHbiect or
be sustained for long 15 hours without refueling at an airbase some
e cEhanBraries Rew yiswabiayerRy KBIE3haRabiidR AloifgPortant for
subjects such as commonly practised in live news gathering in the U.S. _
{perl SRURMITAGAE AMoPiticate W cRIBAD IRAENER SHCTARASIRCTONVI 78R IR), traffic
2007 where 2 news helicopters covering a police chase of a suspect's car
ERIHEANR, tRBVAR JaHHGE 28 2NEL/ORpId AHT § IS TRAFICPIOBBP A SMERSE N the
law and order needs, access to visual information is also widely craved in
NG BRRSRAR R BEHP 4SS Y BRtRAicaN SRy s W BiF B fisteriorates
extreme sports such as mountain climbing, windsurfing, cross-countr

ENith§Ob O Re REAHE L iy BtitRBCHERY iBShePItR Hh&*&ﬁé%@ﬂ‘o%@vi@ll)éﬁ@&o' will

3 under normal ground-level vision such as a car racing circuit, sailinc};,
Beedyipcknow the number of people and their movements through streets and

alleys or areas spilled over by the crowd, potential hotspots for stampede, etc.
Deploying personnel on tall buildings may provide the necessary visual
information but from a static point of view which may become out-dated quickly

as the crowd moves on the streets below.

[004] Deploying helicopters is expensive and cannot be sustained for long
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.

[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
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are not easily observable or even accessible by spectators. Present

practice of installing live camera with a racing car, for example, gives a

narrow view from the perspective of the driver and not the overall lead
situation. Placing 5 cameras at strategic locations around the circuit

requires the central or site station contrgl to frequently switch video feeds
between the cameras, still without the advantage of a bird's eye view

which is presently provided by airborne cameras such as that on a _
Hefesperma) oeNwiniglivisiRAGWENR;ha SAtEREHY S lifkasadingerta. which
vehicles (UAV) in the form of micro-aerial vehicle (MAV) in conjunction
Athne! BARNPRIEERRIBONRYRNAISIH RS Y ARBGIRIBESs URTEfitcRaractice of
such as disclosed in U.S. Patent No. 6,712,312 (U.S. Navy) which _
RSO S/ iBRB IR WM \BirEIE Y 68 AAIFXAIORIS, B /8 TAKFWNiew from
endurance in the air would not be sufficient 15 for extended surveillance _
HIRhRIREETUGUIPILRG SHOYShgBRk ek, Besiksrathdeads Abustedsurklacing
therein on providing a navigation and video lock on a subject being _
ARSI 73 EHanE dﬂf@rgﬁaﬁdéfﬁé@aﬁ*éekﬁﬁﬁmtd@%&ﬁ/ﬁ% apEkapoer site
airborne by 20 balloons so as to enable tracking and locating of stranded

StRURRreMRlaEe JresurntherReing rddisoniRRIS 2Fieaen hie drarrEs, stil
in U.S. Patent No. 4,120,259 (Raymond Lee). Once launched, the balloon
wahestisieppeviaee tofife BN ¥eYENatRIf tiererRSRBtly provided by

disclosure on video feed. 4 SUMMARY OF DISCLOSURE
airborne cameras such as that on a helicopter.

[006] Whilst it 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
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 tracked.

[007] On the other hand, there are known devices which are kept airborne by
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.
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[008] It would thus be desirable to have an aerial view of such events from

5 an altitude that would give a spectator or controlling user the desired

bird's eye view of a subject without the dangers and disadvantages of
turbulence, down drafts, noise, relatively short airborne period and high

costs associated with helicopters. It wogld further be desirable that such

aerial machine be unmanned to save on at least some 70 kg of pilot

weight even if it is a single- 10 manned aerial vehicle. [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
DA AitRthissehaltBEhe 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
0fd1e. foneyldstauseherdesiaiaiftehaye Gt AeeativievarLaHNnRKENts from
aerial vehicle 20 (UAV) with hovering capability is provided comprising (a)
RILAHEYEE HItHIElIgvR SRS SEIEPURNCRNE ABDErREpHaRibRSHigd bird's eye
directional propulsion means; (c) image sensing means; and (d) means

168 WapisBehv R Sigiio ub e dRaL GAaNditHsedyrriages GtoliHaeRas:, down
including (i) sending image data captured by said image sensing means )
a3l GRIBRA QRBENasBN BTRUBRIRG IR A8JoPEbhEBRISgassaciated with
directional propulsion means to maintain said UAV in a hovering position

REUGORIRIS: prdbiefrithdyrdligjele desirable that such aerial machine be

unmanned to save on at least some 70 kg of pilot weight even if it is a single-

manned aerial vehicle.

[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
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
(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
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 (i)
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[011] In a first aspect of our invention, the means for substantially keeping

5 said UAV in a hovering position comprises a balloon fillable with a

gaseous matter lighter than ambient air. Preferably, the gaseous matter is
supplied in compressed and/or liquefied, and wherein the release into

gaseous form is controlled by valve megans. The gaseous matter is

preferably a supply of compressed or liquefied helium (He). Alternatively,

the gaseous matter is hot 10 air generated by heating ambient air witha
FRER ¥ I dBIRISoid CRNH QBeifRaid rAHEEHABAL, PReNdRIgBe BN Epomaintain
leakage of gaseous matter from the balloon is controlled to achieve any

saisl (ﬁ/&{ﬁ“bm%ﬁrﬂ% RRsifen iphuede airietaERerRAcyiseknd

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 _
ifbbe sémdntrsheasneebpbRseIMaBHSNa O di8aPgIpBEasERR Y keeping
infrared image sensor capable of sensing, capturing and sending image

gatd H9AYollh@ RYRING IAASIHE R SSHANBES S /i derdpeanitRPIgatythnd/gaseous
stills capture data by wireless transmission. Preferably, the image o
Sepider JiHuRIdEaRy SRR cBIhbiREREH AR Yo 1B e SRR Y S AIRHRE Eitsupplied in
features. Alternatively, the image sensors include any one or combination _
EPMMREFESCE FOWRGHIMSIBYp Y tRaIFRadRECERIRRESONTOWIRSIRCMS form s

night vision operation. The image sensors are preferably trainable on the
ﬁ%gg@gmpé/dvalve means. The gaseous matter is preferably a supply of

compressed or liquefied helium (He). Alternatively, the gaseous matter is hot
air generated by heating ambient air with a 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.

[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
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 lens zooming, pan and tilt features.

Alternatively, the image sensors include any one or combination of infrared,
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subject from a viewport housed on-board said UAV. 5 [014] In a fourth

aspect of the unmanned aerial vehicle according to 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 thg 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
KcbiaifRBE tHYRRASPECH PrdMAsaniFRRLAIBILIRE 4 distin@nEh&ighéf vision
a moving ground control. Alternatively, it may be configured to hover ata
BRYJBIGIndHRAMALE FRNERARE IRERIRIG hifﬁ:lr@l?ﬂ? rRBviRE reGsdermined
control. Yet, another alternative is to configure it to hover at a

priURe: fraimedavieNiROBegiResheB- el eaid tdth¥r 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

With thBiRalparB 38pefigdhdanstare areset aeadloneticlanpaemding to our
LIST OF ACCOMPANYING DRAWINGS [016] To assist in better o
(AN iR o8P MFIRMBIERNS WBHIPRSR e o RABIHGIENGNd navigation
drawir:a%(s) which accompanies this specification. The drawings 5 will be

RIGHEARBS EMLRAER BBYZATR P ToRBMMGALCACH-AMiBRENSLE Sadif&grometer,

illustration of specific or Ioreferred embodiments of our invention, in which:
a GPS decoder, a digital compass, and the like.

[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 lagging behind a
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

sensing means are preset to automatically train.
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[017] FIGURE 1 discloses a schematic diagram of the 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.

sipve ante iy Az WOl Rered 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. 8 DETAILED DESCRIPTION
f@li@PE@F@@SBMB(%FMEN'T@[@@}@F@:@H&W&VQBIWcﬁ‘t%M\{ﬁ’M'd now refer to
achieved with our invention extends beyond the normal visual range by
e iPlRIE g BN iRe ARSAPBRRAISSS RIS \eREE PeRIRSh pld\RddERwings
by a UAV equipped with optical sensors and the like. The autonomous or
¥atna desishdgswiRedWm detdinaibigjolewing asdigratisyiBig.peskexemplary
distance away relative to the user. Captured videos or still images may be

WHEIERLA PA PaRrif RIS TB TRE GSPOWIMENHOTLRWT NYSEEIABNIE Which:

changed as he or she moves, the UAV will automatically move its

[017] FIGURE 1 discloses a schematic diagram of the main components and

their configuration in a UAV according to our present invention.

[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
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

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.
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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 a user or to a subject of
camera training is "virtual tethering” whigh means the UAV's position will
be automatically changed with respect to the moving user or subjectin a

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

s, Breflualhe cxisiem mrpabdiBonagliee 188k aRERJIBYEREQRepXteNds
e.g. at a preset 9 scope or field of vision at forward terrain ahead of the
SYPRAHMGGARM VAT GARERPY URINDY LR IRYE@AIRRrRG fRgans from an

subject. [025] The UAV is expected to be lightweight and compact and _

el B@H&Rﬁ'@ﬁd&%dﬁﬁobdébfdﬁéﬁ‘%ﬁﬂw%ﬁ@@ AR seneRsy ARciihe like.

off and stay airborne at a designated distance. For use in crowd control

ARE riGLERPPrRRYRONOLISSHIrRU IRRITBRY Sorii¥ndeiimayamriieally fly at a

deploy several such UAVs at positions and altitudes of his choiceto

ARSI QT DECTRIMHRSAN GRURINRY ARGIBLEIP JEReH $REws(GRPEvERSH videos or

size, hidden elements behind crowd lines and
still images may be wirelessly transmitted back to the user. When the user’s

position is changed as he or she moves, the UAV will automatically move its
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
a 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.

[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
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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 traffic from joining up with the tail end of

the jam. [026] When coupled with zoom capabilities, the UAV-mounted
cameras may 15 thus provide the vital gisual 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
E5PBBiIliAES!IlEliHpidpierR phly FRENBEh IR I8 18R GdsiBandsganigading an
may be avoided. Deployment of personnel as spotters atop tall buildings
fHVabBRIBaPUIBBSERIDOMEY el N /BRAEPATAM8YSISIed 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
HeZrjnatboedidtyide pXRBGEE oo Be igtwmialtfsie 9P pafdtan be hand-
vessel. This gives the operation immediate expanded visual field beyond
PRCKBA AN ARPIAVSL BB ERRRE BRAIT R R EMtOE goichsiay airborne
aircraft sorties need not be launched if not necessary, i.e. if only for the )
BlirBoseYpBaIcEiIdIRAN tResE Y nviftarNattidNds ¢oHEClarel Bqbssippsssion
recreation or sporting purposes, especially the aforementioned extreme

shEAtoRRe VAR HRBRRLSINEY LhRIRBEOaHBRIN: SevsirsHRNUAVS at

that follows the action at designated distances. These actions | )
positions and altitudes of his choice to provide bird’s eye view from multiple

angles for better views on crowd size, hidden elements behind crowd lines and
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 traffic from joining up with the tail end of the jam.

[026] When coupled with zoom capabilities, the UAV-mounted cameras may
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
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
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may be transmitted back for the spectators to enjoy at a more involved 10
distance. Viewing an extreme mountain climber will now not need to risk
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 wjipdsurfing 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
siiis tefheiediie faHAerapiial waselol o IiRRdheHBeEfPn immediate
cheaper can now be achieved. [029] To achieve the aforesaid, the UAV,
EIRBdathyisyaletigldcberding theoleiiFaehabe ity amBle IR dhgir radar
detail with reference to the 20 accompanying drawings in the following.
PALIBRIRIbaFERIPYME Y GRAuP ATl eRtRPEEORIrRB I RCligrh eyt necessary,
compact balloon UAV, an autonomous or semi-autonomous navigation

bFstb PR PP FRPIHEHR\LTIHBE HISAeR iHTH§ES eaptlliffy 86HS6rs to be taken.
including optical sensors on board the UAV, and a datalink system for
transmitting the sensor data. 11 [030] Alternatively, with or without the
navigation systems, image sensors and datalink system with a user _
{40y EOGrERAMEFRTII SHAFIRAORMIBRSSS: nBPRRE RstENs r@ferementioned
UAV may be provided either as an independent module 5 or integrated
FARERE 0\PAltSy stEIRSEccOHYY 8 pRSsefERWRSbnap3igAete airborne

proposed, a lightweight compact balloon UAV is used as the main_mobile

ARG HRatJolis e, actiel) Bk Asntapaiac disiRneRmcRBESe actions

may be transmitted back for the spectators to enjoy at a more involved
distance. Viewing an extreme mountain climber will now not need to risk
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
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
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.



10

15

20

quickly and easily, either from ground level or from atop tall buildings. With

the 10 appropriate valve controls, the balloon size may be regulated to be

filled with the appropriate amount of light gas such as helium and thus the

UAV may be airborne at a desirable height for achieving the best angle of
sight with the assistance of a small propeller and a rudder. With passive
floatation provided by the balloon, the UAV's energy consumption may be
brought down to the 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
fgticafdigeraty ehhe WEN N WIHIR s 1hey 18R SRiiPRefYRteslpplynage sensors
providing 20 the lift, can operate in any natural existing temperatures of
astdRianTk sypeanaNil Rovrsiere Mg AR SRSl BEAparardtfplipwing and
or low wind conditions, i.e. 0 to 5 knots, so that it's airborne position and
RS $5aRB fA0 B Na M RE PP YE RR s Anpeh daipgendent module
propulsion does not drain too much energy from the UAV power source.

05 INEFPIRISNBV R RY§TRE 3Y TS ACSHADDIOIYE BRESSSlEY e tiRiver
supply 1 to all other components and systems that require power in the

balloon UAV. Whilst it is shown that each component is supplied with its

own power source, this is a schematic or diagrammatic representation _
{)Q%lﬁt vé%)%IBrBECB"%‘Bv%L'HQ%ﬂ?@éﬁ%ﬁ%@“&@ﬂw% cripRRbAS the main

maﬁ_be configured to share a commaon power source from a single

1§ poRRbvidig e RAUORAE size, it may be hand-packed and launched

quickly and easily, either from ground level or from atop tall buildings. With the
appropriate valve controls, the balloon size may be regulated to be filled with
the appropriate amount of light gas such as helium and thus the UAV may be
airborne at a desirable height for achieving the best angle of sight with the
assistance of a small propeller and a rudder. With passive floatation provided
by the balloon, the UAV’s energy consumption may be brought down to the

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
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.
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voltage and current. [034] Optical sensors may be installed to capture and
provide a video data 10 stream feed 2 which will be sent to the radio
modems or transmitters to be transmitted to a user or 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

osition 4, user position and desired altitude 7, a control 15 computer will

Sble AdScERPUTe tRefrigbEa shryRattBHRS s aRfEHHE AR ISAHETR B Power

drive actuators to maintain position or altitude of the UAV if it has drifted
guBRb ik b iSO HPRNBAEN§B b EYSERA S ek EaAESIRMVES In the balloon
controlled by the user, or automatically changes its airborne position in
Bi¥ile it tallgio $he WibiBat AR ERTBRO TN éhSURRNIS divdHidisaPWn power
heading and 20 position 6 may also be sent back via the radio modems or
FAHERItEIS0SNR SEMANE @hvelagiererRliriNeRieseiialem emgnt!t would be
surfaces of the balloon UAV to fly to the desired direction and/or position.
PRyiame N BaBRANAr BRI calhifer SR RATMRAPBRIS ANYsPEORHadied g share
balloon 12 to an optimum volume to raise the balloon UAV to the desired
SIROHEMR YRR BRUIGE UseM 13 JEHE ARRBRBMBASkaRIAYiiatibie requisite
systems on the UAV are housed on board the UAV. With the autonomous
YRta%s RJiGH"EGtems providing the requisite directional and position
data as well as in control of the helium supply valves 5 10, drive and
directional actuators, the UAV can automatically fly, align and

[034] Optical sensors may be installed to capture and provide a video data
stream feed 2 which will be sent to the radio modems or transmitters to be
transmitted to a user or 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
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
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.
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navigate itself to any location with reference to the user. [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
{R8%IropAlEP MO HeoR IR GERHRD tRYSERMhEnghshiRY BseAewsss i board
actuated to rotate in reverse direction to provide reverse thrust to fly the
B0 AWBRJRE AL TERAUS AAINSMIGRI R SIHEDA REVISANG Hig requisite
preferably contain an electro- 20 optical and/or infrared (EO/IR) sensor
SiraeliorRindRrIRORIBORIdAL VAR Rl afoiBreeRiTGhad HigithelEmpayply valves
radio modems, control computer, drive actuators, batteries and helium

d0p sl venarsh it Eiana raGivpéRnsuFBR/iléDS GRY AHigRatiealy fly, align and
transmitted back to the user. Different types of optical sensors can be

RR(8EE iseHiteAmt (esadioRvi T8lRIRNFEIBRA4SEAN be 14 used for

night operations. Zoom capabilities can be added for the extra reach. The
optical sensors, and lenses if applicable, will be placed within a protective
housing with the lenses directed to capture images through a transparent

RBbw Bt GigWisot 1ahEiRd1Bad PRI thé WHRIBVIRLDR ML iR fRifR T t0 @

desired altitude. The amount of helium released from the supply (which may be
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
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-
optical and/or infrared (EO/IR) sensor system onboard GPS, along with the
aforementioned digital compass, radio modems, 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
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5 elements. [038] Advances in the infrared hyperspectral sensing

engineering has enabled simplified configuration of devices, such as that
disclosed in U.S. Patent No. 7,135,682 (University of Hawaii) which is

admitted here not as a 10 prior art but rather as an enabling technology
complementing our invention. In this engbling 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

LR GIINENE ARG PRS- RRSBIFaRABIbIRE FakbhfhardERE fausenaxiry reach.
it suitable for small mobile platforms such as a UAV. 15 [039] A datalink _

N aPRieAkERIRAAEINg RO ARAlIsRBILoWIB e RIRGRFkYsEin a protective
communication protocols and data layers to allow both uplink and

AWM VitBalReDGRARAK HHRRFRANICaFSIRSUNRI BRAGRS TBFQHEs Mitiapsparent
videos and images and other UAV flight information. Uplink _

YORSIANN RIatERERGIT e’ 20 (S8R rdrin iR the aansiivecagyicemdrom the
direction of the user to the UAV for self-following or navigation purposes.
¢/88'8At8link 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

referably has a data rate of full duplex 30 kbps, and 15 supports _
E%%pt YaRSRTssdntBRd BIJErREs IR SRS cyp BRFIHDT 8REWESTINg has

1850 MHz, which can be changed to operate in the VHF/UHF or K"-band
enabled simplified configuration of devices, such as that disclosed in U.S.

Patent No. 7,135,682 (University of Hawaii) which is admitted here not as a
prior art but rather as an enabling 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.

[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
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
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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 wirglgss 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
HHPRSES ANGIYIRICHARDNIS SO st ateaiNdDerbeatRNSYHaR0apIdL 755 to
the UAV monitoring that subject, such as in the case of our balloon UAV

B8P MifroyuhiehtreaR dinpBaNIGYd@eReEI8!M Hh biserY 5 dHiingr Ku-band
competition while the user or ground control is located several kilometers
HiRQUeREIg842] 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
1968 on TSR R SRRt RaTe IRWIEeriaia ansalisaiadidswmreferred
so be computed depending on what the UAV is configured for - to look )
HIaRL oV IdBR HDAHNGsEAPIBIg0aY] TIRESBIRRPEARA detiiedYhie carried
user heading and location, desired altitude of the balloon UAV, look )
Qe iGN B RIBIVARNGREEN GO BN BP LSRRI GRSIAR. rRERSrably with

modems. This information is then used to compute the
MPEG-4 or MPEG-2 codecs.

[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
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
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.
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new location, heading and altitude of the balloon UAV. With current

position 5 and heading retrieved from the digital compass and onboard

GPS, the control 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 rangs 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] _
HEIRETDe RS A topPRVESiEalbRVERdhany Sk HeaRIRg ahd tion, desired
transmission and actuation of components of the UAV upon which our
sdudgiARBPRICOR HANM 1Rk HERaYREY BRHRlewiBstsisiarseniom the user
actuation of the 15 flight controlling elements of the UAV. [045] It would
6EBBYISHYIB HBaRYR MAQARIdINAA IBkaTmAtiRNg theD Weef i ganpute the
components, devices, process or logic flow described herein may be N
RRYifleeRlfRr P arine PHOsaREHARRN IR Rrdaniivéd\br ¥l alredtHR@sition
20 we have not specifically described here. They are thus not to be
eoeshradinad elep@e A dhe lighal SABRASH a8dMRPAith(RRSe the control
scope and spirit of our claims that follows. 17 CLAIMS What we claim

SRIBUE Il GARRYER BEHATYERRIBTEIETS 1RiVG HitBreRBlsRifHdder and/or

comprising: (@) means for substantially keeping said UAV in a hovering _
pstiKidnsystem 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

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

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
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.
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(b) directional propulsion means; (c) image sensing means; and (d)
means for transceiving signals to/from said UAV with respectto a 10
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 me&ans to maintain said UAV in a
hovering position relative to a 15 predetermined subject. 2. An unmanned
aerial vehicle (UAV) according to Claim 1 wherein the means for

ially keeping said UAV in a hovering position comprises a balloon

fillable with a gaseous matter lighter than ambient air. 20 3. An unmanned
aerial vehicle according to Claim 2 wherein the gaseous matter is

i

plied in compressed and/or liquefied, and wherein the release into
BbYYE fFaMPEBntrolled by valve means. 18 4. An unmanned aerial

vehicle according to Claim 2 wherein the gaseous matter is a supply of
compressed or liquefied helium (He). 5. An unmanned aerial vehicle
according to Claim 2 wherein the gaseous 5 matter is hot air generated
By heafyHHTSIBAEHiARAR! X $Hsles0drod) SHIBANETH9GRRARIEN fMPrising:

aerial vehicle according to any one of Claims 3 - 5

(@)
(b)
()
(d)

2.

means for substantially keeping said UAV in a hovering position;

directional propulsion means;

image sensing means; and

means for transceiving signals to/from said UAV with respect to a

ground control, including

0] sending image data captured by said image sensing means to
said ground control; and

(i) receiving signals for controlling said directional propulsion means
to maintain said UAV in a hovering position relative to a

predetermined subject.

An unmanned aerial vehicle (UAV) according to Claim 1 wherein the

means for substantially keeping said UAV in a hovering position comprises a

balloon fillable with a gaseous matter lighter than ambient air.

3.

An unmanned aerial vehicle according to Claim 2 wherein the gaseous

matter is supplied in compressed and/or liquefied, and wherein the release into

gaseous form is controlled by valve means.
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wherein 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, 1o ascend or descend rate. 7. An unmanned aerial

vehicle according to Claim 1 wherein the directional propulsion means

includes any one or combination of propgller, rudder, drive actuators and
control means therefor. 15 8. An unmanned aerial vehicle according to

Claim 1 wherein the image sensing means comprises at least an
BlectroAptitaNARARY AREAL Y TSR 266REINBAPaBIRIR SeMdifEe BaiitBraRpeouUs
and sending image data to ground control, including continuous video

shaiiehis PN @orempy essrdrerdisralipbbelitBidsiekansmission. 9.

An unmanned aerial vehicle according to Claim 8 wherein image sensors
include any one or combination of lens zooming, pan and tilt features. 19

10. An unmanned aerial vehicle according to Claim 8 wherein the image
SensoréTh&NERBRGGAEHR iR UHIRG AR & IRIN-IyMhgigin the gaseous
hyperspectral image capture for low light and night vision operation. 5 11.
Rirtiahiahios @iasieaeraifdl O1 Aty a BRiAY WHEraiReRE $RidGe on-board.
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 ] ) _
An unmanned aerial vehicle according to any one of Claims 3 — 5

wherein 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.

7. 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.

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

wireless transmission.

9. An unmanned aerial vehicle according to Claim 8 wherein image

sensors include any one or combination of lens zooming, pan and tilt features.
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10 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 15 a predetermined altitude

and distance in a virtual tether to a movigg 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. 20

19: An HAntErRBANESH ABiiEH i Me ieleo RFRG NG GliEd rfiguhedan Hbgefmage
at a predetermined altitude and distance lagging behind a movin %round
E6REBISA0ChIE A Y RASPcePARRIRRIORIE 'Bfﬁ%ﬁﬂnb)l’b"@mrﬁrl% yperspectral
configured to hover at a predetermine altitude and distance in a virtual

{BiRER PRI fRE Igsliaht epRtriobpYIS\RRIEReFIPRage sensing means

are preset to automatically train. 5 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
itlage S6hsIRGAEEE apsipresdtitdeaatsaatipayorsidimd? avherein the image
telecommunications system including audio, video and control data 10
SRBARTMG EPANBRE RIS SERRIEM DG d1BIRGhESF GratiRyRPTAused on-

according to any one of Claims 1 - 17.
board said UAV.

12. An unmanned aerial vehicle according to Claim 1 further including
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
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.

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

control.
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19. A telecommunications system including audio and video data
streaming capable of being fed to a live broadcast, said system
incorporating a UAV 15 according to any one of Claims 1 - 17. 20. A
wireless broadcast system incorporating an unmanned aerial vehicle
according to any one of Claims 1 - 17. 2q

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. A telecommunications system including audio, video and control data
streaming capable of being recorded, said system incorporating a UAV

according to any one of Claims 1 — 17.

19. A telecommunications system including audio and video data streaming
capable of being fed to a live broadcast, said system incorporating a UAV

according to any one of Claims 1 — 17.

20. A wireless broadcast system incorporating an unmanned aerial vehicle

according to any one of Claims 1 — 17.





