|  TARGET LOCATI NG AND ENGAG NG SYSTEM 2 3 FIELD OF THE INVENTION 4 5
[ 00011 The present invention generally relates to a nethod and system for
| ocating 6 and engagi ng targets usingl an aerial vehicle, an aerial vehicle
tracking system a target 7 locating systemand a target engagenent system
8 9 BACKGROUND TO THE I NVENTION 10 11 [00021 One of the current techniques
for 1l ocating, i ddARGEDLOCATING ANDEENGAGING SXSFEM an urban
vvarfare i nvol ves the use of helicopter gunships flying in the sky with Line
Si ght (LOS) weapons or Non-Line-O-Sight (NLOS) missiles to engage
tar ts that are 14 hiding in difficult to reach |ocations. However, the
capability of helicopter gunship is limted 15 in that they cannot be flown
safddy in narrow and cranpe®IELD QB HMEINVENTEONs especially 16 true in
urban environnments where the hostile forces are in close proximty and coul d
be 47 waiting in anmbush. 18 19 [00031 Unmanned Aerial Vehicle (UAV) with
A obal Positioning System (GPS) and 20 other sensors can be used to Iocate
host4 | & fO@i es hi flllné.'gre's&tt iRGeri fgr H&Qﬂg%‘lg@s %'\5'1{1& QB& s?fstgt?]t i‘é‘?‘f@c‘éﬁﬁ
si gnal s or cou ervvl e unaval I e a time the
22 e gagerrent wlth the hostile f GPS that |[s,used.to determ ne the
absdl ut @19 eRgagINgnlaggets Heing 28 ftig f‘1 lctf’g annacrial yepisle gﬁ&?‘?%r??fgﬁ‘tl G so
have poor satellite coverage and can suffer 24 inaccuracy due to cloudy
weather looatingsystsurandurtdigegerngagéméntisysiemgs especi al ly when the GPS

8
9 BACKGROUND TO THE INVENTION
10
11 [0002] One of the current techniques for locating, identifying and engaging hostile

12 forces in an urban warfare involves the use of helicopter gunships flying in the sky with Line
13 Of Sight (LOS) weapons or Non-Line-Of-Sight (NLOS) missiles to engage targets that are
14 hiding in difficult to reach locations. However, the capability of helicopter gunship is limited
15  in that they cannot be flown safely in narrow and cramped surroundings. This is especially
16  true in urban environments where the hostile forces are in close proximity and could be
17  waiting in ambush.

18

19 [0003] Unmanned Aerial Vehicle (UAV) with Global Positioning System (GPS) and
20  other sensors can be used to locate hostile forces hiding in the aforementioned environments.
21 However GPS signals can be jammed or could otherwise be unavailable at the time of the
22 engagement with the hostile forces. GPS that is used to determine the absolute position of the
23 UAV flying in an urban environment can also have poor satellite coverage and can suffer
24 inaccuracy due to cloudy weather or the surrounding tall buildings especially when the GPS

25 isused without DGPS (Differential GPS) or WAAS (Wide Area Augmentation System).



25 is used without DGPS (Differential GPS) or WAAS (Wde Area Augnentation
Systemy. 2 1 2 [00041 The absolute | ocation of an UAV can al so be

determ ned by a surveying 3 instrument2or a |aser distance sensor by

pl acing the crosshair of the instrument or sensor onto 4 the flying UAV

whi ch can be at a distance away. However, in the tinme of tension, the 5
operalt or of the surveying instrunent or the |aser distance sensor may not be
able to 6 accurately place the crosshair of the sensor onto the flying UAV
wi t hih n{l004} seconte wherute NotdtmngefOamd) dPecaat dso bk ddieniived bpcataseyihg
target through a distance sensor, a digital 8 conpass, an inclinoneter; and

i dentq fi ﬁﬁtrﬁﬁemto%q&éermsﬁﬁc@s&ﬁ&eﬁﬁpl@&ng kl?ecérbﬁhﬁ)iﬁ%fﬂx% mhﬁﬁb@besmﬁomt ed
on the UAV. If this takes pl ace, €erroneous data woul d be obt a| ned and a

wWr on 1 i ul d. be,.det erm ned.b ut er

¥ anbul e YRGB PhisR A & & BTl B ©hs . Riguate &
accordance with the first aspect, a nethod and a system of locating and 15
engagl ngOREIHar §étthe P veyInen instiyagBentthe dawT aHetaneet senget Maycaet 8 Qi ses
generating a 16 target location of the target using a target |ocating

syst &im amvdratedy pipca theacgethagrgabe senor oritd thy 8tmm WA VewnhinahilB-se@ngde when
destruction system The target engagenent systemdelivers a 18 projectile

to the t #He0gbuR@operal? SMthet @thoda@e%aﬂl'eotﬁr%é?tﬂ%‘bﬁglﬂ%ddmém%)@Px‘rﬁo?ratd’l%@l}'gh
19 triangulation. Further, the conputer of the target engagerrent sy

chec an_aerial erial vehi
engagomenyngnangheender; a4 RERfERe trafuPF A rBpeit) B tbnds Wi

wi thin the enaagemant zone of the target, then the target engagenent system
22 di$abmeynte émttarsdé%Vdé%tm%&l%ﬁlagys%rmew éqltpdwaqi@eaf&tala?d Phpcveng o be

maneuvered safely 23 outside the engagenent zone before the target is
engab@d. target position would be determined by a computer using triangulation algorithm.

11

12 SUMMARY OF THE INVENTION
13
14 [0005) In accordance with the first aspect, a method and a system of locating and

15  engaging a target having an engagement zone and a target location comprises generating a
16  target location of the target using a target locating system, and using a target engagement
17  system to control a target destruction system. The target engagement system delivers a
18  projectile to the target based on the target location determined by computer through
19 triangulation. Further, the computer of the target engagement system checks an aerial vehicle
20  position of an aerial vehicle with the engagement zone of the target, and if the aerial vehicle
21  position is within the engagement zone of the target, then the target engagement system
22 disables the target destruction system to allow the aerial vehicle to be maneuvered safely
23 outside the engagement zone before the target is engaged.

24



24 3 1 [00061 Fromthe foregoing disclosure and the follow ng nore detailed
description of 2 various preferred enbodinents, it will be apparent to
those skilled in the art that the presgant 3 invention provides a
significant advance in the technol ogy of tracking and engaging targets 4
especially in an urban environnment. Particularly significant in this regard
is the pen0éhti al Fhab th&fdrbgingrdsabswa aad fler tdlofving mooy ddaibagl desbuipgtoncpfal ity
target tracking and engagi ng system 6 Additional features and advant ages

of vari QuSonrRtRIirtedmdERREHNGE M WilVbd leéﬁftnb% {h@ke skilled HEhS tapOdlat ﬂﬂeé‘te@&mof t he
detail ed description provided bel ow 9 BRI EF DESCRI PTI ON OF THE DRAW NGS

ifmEa?%%vteﬂi&ipﬁfﬁgﬁ%g‘“ﬁﬁ?‘%?E*{“gfq‘t“ (S BAI GROSA iR iéﬁ%r%@%“fﬁﬁa{gg%ﬁ o
i icl.e. 12. 1 0008(. Fig. .2 i )
Chat YeneoiBln o S hiFp RS ittty bitiuan Seaiichy 0 1his shined R pOispghBa.

invention wherein the aerial vehicle tracking systemhas two or nore 3 15
di mehsi divainventen alfardsr fos . prowdingza [logo qualifty gtarget jteacking| sy hagagingh axsteshows
generally the steps in another preferred 18 enbodi nent of the invention
wher i n Addétionel ifedtureehim] edvimsdes ngf sMsbesMpiefsrrad vémlewlimeats kivily bel Benanmer a
and a | aser distance sensor. 20 21 [0010( Fig. 4 is a flowhart that shows
gener al ladr8od AW JF tenRlAIRG d@E&Tp%ﬁ%%vié’e% wedi ment of the invention
wherein the aerial vehicle tracking sySstemhas a millinmeter 23 wave radar
w thgoa 3D radar scanni ng mechani sm

8
9 BRIEF DESCRIPTION OF THE DRAWINGS
10 [0007] Fig. 1 shows a target locating and engaging system in a preferred embodiment,

11 showing the use of triangulation to determine the locations of the target and the aerial vehicle.
12

13 [0008] Fig. 2 is a flowchart that shows generally the steps in the preferred
14 embodiment of the invention wherein the aerial vehicle tracking system has two or more 3
15  dimensional video cameras.

16

17 [0009] Fig. 3 is a flowchart that shows generally the steps in another preferred
18  embodiment of the invention wherein the aerial vehicle tracking system has a video tracking
19 camera and a laser distance sensor.

20

21 [0010] Fig. 4 is a flowchart that shows generally the steps in another preferred
22  embodiment of the invention wherein the aerial vehicle tracking system has a millimeter
23 wave radar with a 3D radar scanning mechanism.

24



24 4 1 100111 It should be understood that the appended draw ngs are not
necessarily to scale, 2 presenting a sonmewhat sinplified representation of
various preferred features illustrativedof 3 the basic principles of the
invention. The specific design features of the nmethod and system 4 for
tracking and engaging targets as disclosed herein, including, by way of
exanpl e, [00hH 5 sg@hpﬁldd)edmdermomihat@lﬁe anpethdr@\dmaﬁdresty%mmsmﬂy torswelki ng
and engaging targets, will be 6 determned in part by the particular

i nt erddedpragepting atsomrwhadsitptified vépreseirribn ofanticisnpreferieddtaturs ibistiatiee of
illustrated enbodi nents have been enl arged or enphasized relative to others
§ 10 el Be BHQY bfRcipleedf NARERAN dhBGpecifle BT felhils oft BEMARSE MLSTRY be
thi ckened, for 9 exanple, for clarity of illustration. references to
d|rect|o osj tion, .unless oth L 10 indicate refer to t

or | ert at b KRB TRaeih ERE SRt hetdiny Jehe b N
CERTAI N PREFERRED EMBODI MENTS 13 14 [0012] It will be apparent to those
ski | 1%ed spscifigedimensionsnak thesmethgdandswsigio fsattackings and, sgaginge tasgete bl Pence
in this area of technol ogy, that nmany uses and design variations are 16
possithl eddtamihaic at ipag ndhepgagilag it@ndet spElivdtion eindi wsel esacnmenei Certdithe
follow ng detailed 17 discussion of various alternatives and preferred

f eat ur esfeaficbsesTingdilMBihed Widbodinhdnds havatReh RBlarged @emetabized rdgiR! Bt t he
invention with reference to a nmethod and systenrsurtable for 19 locating

and gagi t t PRl wil |
APl e R W L i o
drsclosure 1 .00 3 The in ion discl.osed he ern.ls a r oved
et hotl S ey Gl getitop gk GEkFIAG QAT ENaRAT LGRSO Sor i al
vehicle 101, an aerial vehicle tracking system a

10 mdlcated refer to the orientation illustrated in the drawings.

11

12 DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS

13

14 [0012] It will be apparent to those skilled in the art, that is, to those who have

15 knowledge or experience in this area of technology, that many uses and design variations are
16  possible for locating and engaging targets and are disclosed herein. The following detailed
17  discussion of various alternatives and preferred features and embodiments will illustrate the
18  general principles of the invention with reference to a method and system suitable for
19  locating and engaging targets. Other embodiments suitable for other applications will be
20  apparent to those skilled in the art given the benefit of this disclosure.

21

22 [0013] The invention disclosed herein is an improved method and system for target
23 locating and engaging comprising an aerial vehicle 101, an aerial vehicle tracking system, a
24  target locating system and a target engagement system. Fig. 1 shows various parts of the

25  invention. Aerial vehicle 101 is equipped with a smart laser distance sensor 104, a video



24 target locating systemand a target engagenent system Fig. 1 shows
various parts of the 25 invention. Aerial vehicle 101 is equipped with a
smart | aser distance sensor 104, a vidéo 5 1 canera or electro-optics 105
and a video transmtter 106. The aerial vehicle 101 or the smart 2 |aser

di stance sensor 104 can al so have an inclinoneter or a MEMS accel eroneter, a
di gi t al caBerggislesFodRtCca 0 arbe Eideo raasmigtey K06. [drjagrial vebicly | @oomts smartaer i al
vehicle data up and down 4 |link 107 to allow the smart | aser distance
sensdr 184r distntcheenyirddd carsscahare agliedinometqytar asMEBIS @écelayoineter andigivdll ed
fromthe ground, and to provide the vector indicating the coordinate of 6

the gar getpddInahRnt@RPETHe dcial DEMSIBBDT als3SRE afliasti@NGBickegup B84 do®h an
i ntegral vi deo and 7 data |link and a radar reflector. The radar reflector

enhapces; i hgy t@failg&ttﬁéjn@é‘l‘?%sershﬁ&ﬁke EdnQsp fdlleandath@-"vﬁ e%'ca ?:}84 %18%9 onties | o

especi all'y to avord confusion rnTocating the aeria

9 signal oiser t| especi al i,n an urban envir nent The ldeo canera
of octlPs T BF ity hess Wi sioRnd e Prodls Bra by “Ef{‘]‘é% e Bt §OHLTAEAL ar ed.
ght vision, image and/or thermal 11 intensifying capabilities with or
wi t hbut thehtarges 403 tvaithc eespdct to flreasreart laspiudistaaccosenser g@hm renantperal ¥idegeandi f y
targets in poor light conditions or to work effectively in night operation.

13 14 [delkhk bl naeddrheflaeiri dhe rdhi eflectdOdnhaides clie iefleped trianbipyal drovil tHe
(Vertical Take Of 15 and Landi ng) UAV (Unmanned Aerial Vehicle) has high

manegverghiilVehitle f1€esYdGhiliHVavord cddtugbd BEIL¥EYiht &L VERRIS 1d 0fud t%qooobgeo

canera or el ectro- opt }{Js 105 and the srrart Iaser d| stance 17 sensor

The geri al vtehl cle can 1be man E .an extt 61ol on the e .ar tund or

is 18 progySmals BEe E)%ercéﬁlé IE&Po‘H frpnmely ﬂ% 8}%%6%1 2B al so

have audi 0 capturin 19 and anplification capabilities. 20 21 [00151 The

aeril8l VORI beraesiak vefjcleytlepretesably dias dafraied erighinvisiope inageeandior icandr abl y
22 an arnored fighting vehicle. The aerial vehicle tracking system

pr eflér abhtynsfymgcaappbilisies with or without the assistance of infrared illuminator to search and

12 identify targets in poor light conditions or to work effectively in night operation.

13

14 [0014] Since the aerial vehicle 101, which is preferably a VTOL (Vertical Take Off
15 and Landing) UAV (Unmanned Aerial Vehicle) has high maneuverability, the VTOL UAV is
16  effectively the gimbals for the video camera or electro-optics 105 and the smart laser distance
17  sensor 104. The aerial vehicle 101 can be manned by an external pilot on the ground or is
18  programmed to operate autonomously. The aerial vehicle 101 can also have audio capturing
19  and amplification capabilities.

20

21 [0015] The aerial vehicle tracking system can be installed on a vehicle 102 preferably
22 anarmored fighting vehicle. The aerial vehicle tracking system preferably can comprise:

23 (i)(a) two or more 3-dimensional aerial vehicle tracking video cameras or electro-optics



23 (i)(a) two or nore 3-dinmensional aerial vehicle tracking video canmeras or
el ectro-optics 6 1 108. The 3-di nensiqgpal aerial vehicle tracking video
caneras are separated by a large 2 baseline This is to inprove the accuracy
and to build up a precise three dinensional inmage of 3 the aerial vehicle

for tirackjsnOrhe fQfnéhs(dhl %eﬂ%”véﬂlél& t%}(i gevﬂg’og cﬁﬂ@rdsoé&étéeﬁkrafeﬁnw Ql 1atde? for
an operator on the ground to pl ace t e crosshair of the canmeras or

el ecty o- 0 108 nt aerl e 101 ki ng
sof t \t/%ar e aIQel nl%ﬁl; lasttgdmgrOVF Ehe %CC‘elr 8¥ or *chmlg]“ Er%\é/g%ﬁn%@& r acllio‘ga1 n%agé §1‘P7 (c)
a co ut h 3 dlnen5|o al video tracking algorlthn1|nstalled and 8
(d) Eeﬁﬁﬁ' ipledas tagkings 2095 and video |ink 114 transferring data and
video between the 9 aerial vehicle 101 and the vehicle 102; and 10 (e) a

vi ded didpragn-ilt devecet @9qpmd jopick wontiel hignfor en opd@tor on thegiemdtoplase ke hi ng
and 11 identification purposes; and 12 (f) an external pilot 118 on the

grourtdd naoshyienr g tdiecracobt alectiv@bptidse] 10dnth ahe a&ddlclehirde a0 betbde the video
identification of a target 103, and to maneuver the aerial vehicle 101 to a

saf e zong,( }Q’t}%rkoﬁ%resﬂs' DiRAEE By Hfé kRS fof | berr%l vé}ﬁéie tackidy; 44 i nfrared

illum nato I's nanual contro l'ed by an operator to enhance the

16 vi |b t vehi c ions and at

i ght’ 19 bpdmgued {51 87 2%&%@%& ko ot b BB PSh e ah e s 105
|nstalled |n vehi cl e 102;  and 5 a_smart |aser distance_sensor with an

i ncl i8honkdd ap up and dawaidgtatlink blénfwé}s\g epplink hidtrangferang defa and yjdeg hgtvasy thg e
nmounted on a pan-tilt device 109 with joystick control 112 for an 21

oper & oraeoinl vaheclg it @uand the vphialed 0Rhandr osshair of the camera or

el ectro-optics 105 onto the 22 aerial vehicle 101 before the video tracking

ts?; E nlga:] S(e9 ;ars]mkb efispldy bheh& argktt €03 3d khé Snddhok i ABethr @Biket AD3aRaicAIngv kY Cl e
11  identification purposes; and
12 (f) an external pilot 118 on the ground maneuvering the aerial vehicle 101 for searching and
13 identification of a target 103, and to maneuver the aerial vehicle 101 to a safe zone when
14  subjected to sniper fire; and
15 (g) an infrared illuminator 116 which is manually controlled by an operator to enhance the
16  visibility of the aerial vehicle 101 in poor light conditions and at night;
17 or
18  (ii)(a) a video tracking camera or electro-optics 105 installed in vehicle 102; and
19  (b) a smart laser distance sensor with an inclinometer, and a digital compass 110, and
20 (c) both (a) and (b) are mounted on a pan-tilt device 109 with joystick control 112 for an
21  operator on the ground to place the crosshair of the camera or electro-optics 105 onto the
22 aerial vehicle 101 before the video tracking software installed in the computer 111 is initiated
23 for aerial vehicle tracking; and

24 (d) an up and down data link 115 and video link 114 between the aerial vehicle 101 and the

25  vehicle 102; and



24 (d) an up and down data link 115 and video |ink 114 between the aeri al
vehicle 101 and the 25 vehicle 102; and 7 1 (e) a video display of the
target 103 in the conputer 111 nonitor 113 for target 103 searching 2 and
i dentification purposes; and 3 (f) an external pilot 118 on the ground

maneyver(eng videe dasplayalf theefatget €04 thlthé ebmpear Chi Mgniand 1340t thede: 103 salkdhonp of a
target 103, and to maneuver the aerial vehicle 101 to a safe zone when 5

subj ect eﬂldtiﬁ?exﬁiﬂc?tzddq %l%/rf)gs;es;aéﬂlq 6 (g an infrared illumnator 116 which is

manual |y contro an operator to enhance the 7 visibility of the

ial vehicle 101 i i ght conditi d i ghtso 8 or 9 (i
i1 oot Gr it PSR bt Sbpidneni e G ™ oRhR I sEheap e 4400

a 3D aerjal vehicle tracking algorithmloaded in the conmputer 111; and 11
(b) the identifigationRf @ltargen 103 andi tegnanepseratie agtiplerahisle 1181 dpwasiée zenveWheynal ;
and 12 (c) the aerial vehicle tracking systemal so can have a digital
conpass subiEctddo ampemfake] maet er; 13 and 14 (d) an up and down data link 115
and video link 114 between the aerial vehicle 101 and the 15 vehicle 102;

and ¥ (@) af ifirsle® iltigibRY 196 WHieh tsahaflalld Q3nirblldd By aRWPeatir 18 bhhampithor 113
for target 103 searching 17 and identification purposes; and 18 (f) an

t | - . ' | al. hicle 101 f
Sear i g GhgS of 68 B R RHOR P S Eb AR o Cuver e aer i a

vehi;ie 101 to a safe zone when 20 subjected to sniper fire; and 21 (g) an
infrared illunfhator 116 which is nanually controlled by an operator to

enhance the 22 visibility of the aerial vehicle 101 in poor |ight
condi% i otid) (@hal MitlingterhWave Radar with a 3 Dimensional radar scanning mechanism;

10 and a 3D aerial vehicle tracking algorithm loaded in the computer 111; and

11 (b) the aerial vehicle 101 carries a radar reflector to enhance the signal; and

12 (c) the aerial vehicle tracking system also can have a digital compass 110 and an inclinometer;
13 and

14 (d) an up and down data link 115 and video link 114 between the aerial vehicle 101 and the
15  wvehicle 102; and

16  (e) avideo display of the target 103 in the computer 111 monitor 113 for target 103 searching
17  and identification purposes; and

18  (f) an external pilot 118 on the ground maneuvering the aerial vehicle 101 for searching and
19  identification of a target 103, and to maneuver the aerial vehicle 101 to a safe zone when
20  subjected to sniper fire; and

21 (g) an infrared illuminator 116 which is manually controlled by an operator to enhance the
22 visibility of the aerial vehicle 101 in poor light conditions and at night.

23



23 8 1 [0016] The target locating systemis nounted in a vehicle 102
preferably in an 2 arnored fighting vghicle. The purpose of the target

| ocating systemis to calculate the 3 position (i.e. the distance,

el evation and azinmuth) of the target 103 fromthe vehicle 102. 4 5 [0017]

The jar ﬂgttﬁllog”gagi e %%%%@%ﬁ@ﬂ@{sk&&ﬁ Qf mBuGOAMHL £ e ¥ t‘i‘g@e &%%fgﬁgg'e?‘etaﬁlr get

6 destr n system nounted on a pan-tilt rably

with,a feedb .7_control..to inprov he accuracy of the.target .en i ng
oyt b SFHEOE diebtifereByLe i piRi OF gh SorBE sAy B B PR buEERR S
engagi ng algorithmto direct the target destruction system 9 117 to aim at
t he 1 ar Betitian(@ et the disgancerdevstian end pzipath) ob thedargehD3diromithgatshede 492t he t ar get
103. 10 11 [0018] The target destruction system 117 is preferably an air
burst grenade | auncher 12 nmounted on a pan-tilt device, or a missile
nounted on a pan tilt device. The target destruction 13 system 117 has

singse @o1mpl tipl ehPERE@CbABHe sylskén REMpASs dfeSconmiutdiesydtdmal 11 fdr Star@t enades
or 14 other formof airburst projectiles that can destroy the target 103

evens WG o Lridrs s{bdh N4 gb\Qﬁ'iich %df’@f %3’%?&% d%’\g{;‘éé ggﬁ:fé’}%@fy”\%ﬁ" aOfeedback

structure on an ‘upper | oor of a engagenent system

and the target.destryction system 117 are .prefera install ed as, .part of
0 b iR e e et SE F Rt MiafeiBe Rterl e oS T s %10

[0019] Fig 2 is a flowhart that shows generally the steps in the preferred
20 e¥rbohe %@d@d withefergetloesingand eradeang dlagrithe tordagcitby targetdegiryztion Ayststa er nal
pilot 118 flies the 21 aerial vehicle 101 to a desired site to seek out
target 10Bto dim 4tlhestarpeet @Y theshghrthopinhntievitdfor tik2elmeinatédn ofethe crgettlOACki ng
system conprises two or nore 3-di nensional aerial vehicle tracking 23
camggas or electro-optics 108. The 3-di nensional aerial vehicle tracking
caneras 108 or

11 [0018] The target destruction system 117 is preferably an air burst grenade launcher
12 mounted on a pan-tilt device, or a missile mounted on a pan tilt device. The target destruction
13 system 117 has single or multiple projectiles. The projectiles can be an air burst grenades or
14 other form of airburst projectiles that can destroy the target 103 even when it is hiding behind
15 a parapet or behind a window or a structure on an upper floor of a building. The target
16  engagement system and the target destruction system 117 are preferably installed as part of
17  the vehicle 102 which is preferably an armored fighting vehicle.

18

19 [0019] Fig 2 is a flowchart that shows generally the steps in the preferred
20  embodiment of the invention. Referring to step 201 in Fig 2, an external pilot 118 flies the
21  aerial vehicle 101 to a desired site to seek out target 103. In this preferred embodiment, the
22 aerial vehicle tracking system comprises two or more 3-dimensional aerial vehicle tracking
23 cameras or electro-optics 108. The 3-dimensional aerial vehicle tracking cameras 108 or
24 electro-optics 108 are spaced at a predetermined distance called a baseline and are mounted

25  ona pan-tilt device 109 with pan and tilt sensors (i.e. an encoder for pan measurement and an



24 electro-optics 108 are spaced at a predeterm ned distance called a
baseline and are nounted 25 on a pan-tglt device 109 with pan and tilt
sensors (i.e. an encoder for pan nmeasurenent and an 9 | inclinonmeter for
tilt measurenent) and a digital conpass 110 to nmeasure the azinmuth froma 2

speciif i Gnéleforfe@@er fit MRGEIrem ety ahd aigiagB8hbsssNAOUH ntfasiire Uee MNamtubh framch t he
inclination with 3 respect to the horizontal plane of the aerial vehicle

track “\%gﬁéiﬁ} ?g@ereﬁ&{( Qb BRfiks hngag't:nhgc &orth4<frt tﬁ%ﬁ%ﬁ%ﬁ%ﬁt}#ﬁn&g{a‘ﬁ%ﬁ Wifhe

aeri al Icle tracking systema e aerial v neasur ed

using triangul ation.of the 3-dipensional. aerial vehicl rackj ng .cameras or
o ectr oteipetiiphe Rnt Pk ot BE ol Ve Bt ins rtng: Bstb i by RO

3-di nmensional aerial vehicle 7 tracking video caneras, to achieve a | arger
baseldi nethe disganse dext beswepn it aangs vehislb &aglgum segempnandgtheppcsial yghickndOl éni cl e
102 and can have one or nore conputers. 9 10 [0020] Referring to step 202

i n Fi5g 2nedsnredndimg ttianguhdtionatfehd Balimemadaahaeral velheleamckiml cathtragenickkco-101,

an operator in the vehicle 102, preferably an arnored fighting vehicle, 12
maneyv ersptich g oRant el Berﬁ‘?"\leﬁ@lel@:%clym% GRsteRr EdBSrided &3 -dintindRASI edadl Relclal
vehicle tracking 13 canmeras or eleciro-optics 108, so as to place the
aerial vehicle. i thi i L ew,of - di L.onal

aeri ZI vtg%?(@lggm#?);% |e?1%’ {g)aéﬁgfeé’é ag%rggflgeag%(lﬁrge_, E)h%tell%%r %i%g’.%s 5rﬁgeg%npﬁejér Igtg{(g@%? en 15
pl aces the iHage of t?e @frial ehicle 101 onto the cross hair of the

t hr ed- di REHPBHAIC VeBIcic] 02 angl GBARY] @ne QrRUF SETERITEY as and di spl ays the i mage
on the nonitor 113 of a conputer system 17 111. 18 19 [0021] At step 203
of Fi% 2, the operator then activates the tracking software in the 20
conmputer system 111 of the aerial vehicle tracking systemand the 3

di melisi oppaojaer i alRefetingebi stdpe202 ackigny, wacrden® Ditiad @at rackigyt b€ thelddBabbn t he
pan-tilt device 109 track the aerial 22 vehicle 101 automatically.

11 vehicle 101, an operator in the vehicle 102, preferably an armored fighting vehicle,
12 maneuvers the pan-tilt device 109 which carries the 3 dimensional aerial vehicle tracking
13 cameras or electro-optics 108, so as to place the aerial vehicle 101 within the field of view of
14 the three-dimensional aerial vehicle tracking cameras or electro-optics 108. The operator then

15  places the image of the aerial vehicle 101 onto the cross hair of the three-dimensional aerial

16  vehicle tracking cameras and displays the image on the monitor 113 of a computer system

17 111
18
19 0021} At step 203 of Fig 2, the operator then activates the tracking software in the

20 computer system 111 of the aerial vehicle tracking system and the 3 dimensional aerial
21  vehicle tracking cameras or electro-optics 108 on the pan-tilt device 109 track the aeral
22 vehicle 101 automatically.

23

24 [0022] At step 204 in Fig 2, the three-dimensional aerial vehicle tracking cameras or

25  electro-optics 108 on the aerial vehicle 101 is used to locate and identify the target 103. The



23 24 [0022] At step 204 in Fig 2, the three-dinensional aerial vehicle
tracking caneras or 25 electro-optics 108 on the aerial vehicle 101 is used
to locate and identify the target 103.100he 10 1 external pilot 118 can use
a renote control to maneuver the aerial vehicle 101 and use the 2 aerial
vehicle 101 as the ginbals for the video canera_ 105 and the snart | aser

di st Ancexisand gilol 518 gz U el #pnyehiodnancinar WB FeaaYsld0hdndNEHES and
may be maneuvered to follow the 4 preset conmands for specific way points

t o cdvencralprebitt Hndsribe gmdamliclor Hreeadeo@amenn 03 gnd tha smartdassr disiagbg sensor
conditions or at night, the aerial vehicle tracking system my use an

i nfrared046Thd hatil ReHicle 101G@o0M d1fiLbOiaoiindue anl Ink¥i tadenduveredaafsifovatea
around target 103 and/or the aerial 7 vehicle 101 to assist in searching of

t he gar i i i Linked:: h

oper a0t 15t SRS PREHE bR TSRy Sl R ea i LA ORISR e
111. . 9 10 100231 Referring to step 205 in.Fig 2, when the target. 103 i s
ooabed RE TRHGRTIGTAR i 8 night dhe ooy hielruRakiag Sy Fim, Ry aBF ) inf@ids) o
101, the position of the target 103 with respect to 12 the aerial vehicle
101 L2 llpmmatyp)l 16 on dea erprndhiod luménats e seareh erga arouad iieetHO3 asdwer thsiactd t he
13 vehicle 102. 14 15 [00241 Now referring back to Fig 1, the position of

t he t7ar gehiclkOB) Widt dssiseapsatchinge af thkGaygesiTtheondémninsgpaos thé tdirpe HBrisalownehi cl e
101 conprises the distance or line L2 that extends from 17 the target 103

to tige apikedto hebh&hRr ilthe vahleeN2tandRlipRgLE of a% MBhi€d? 1113 oF ARoMPEleL 1 Piet ween
L2 18 and a horizontal plane of the aerial vehicle 101; and an azinmuth 02,

an aggle that is nmeasured 19 in the horizontal plane of the aerial vehicle
101 and is the angle between a reference direction 20 such as the magnetic

nor O iy LU A A0St B oL et Lon, of 2ol D Langel J0Rg The 21

not thwartge video camera 105 in the aerial vehicle 101, the position of the target 103 with respect to
12 the aerial vehicle 101 (L,, B, 6,) is determined and transmitted through the downlink to the
13 wvehicle 102.
14
15 [0024] Now referring back to Fig 1, the position of the target 103 with respect to a
16  position in space of the aerial vehicle 101 comprises the distance or line L, that extends from
17  the target 103 to the aerial vehicle 101; a elevation angle B, which is the angle between L,
18  and a horizontal plane of the aerial vehicle 101; and an azimuth 0,, an angle that is measured
19 in the horizontal plane of the aerial vehicle 101 and is the angle between a reference direction
20 such as the magnetic north or the true north and the direction of R, of the target 103. The
21  reference direction of the azimuth of the aerial vehicle 101 can extend in a northward
22 direction or in any other direction. 8, is the angle from the reference direction of the aerial
23 wvehicle 101, and the intersection of the vertical plane containing the target 103 and the

24  horizontal plane of the aerial vehicle 101.

25



22 direction or in any other direction. 02 is the angle fromthe reference
direction of the aerial 23 vehicle 101, and the intersection of the
vertical plane containing the target 103 and the 24 horizontal plane of the
aerial vehicle 101. 25 11 1 The follow ng equations are applied in the
conput atjon of the position of the target 103 th 2 respect to the.

posi ti odhgfol %n&éﬁmaalpnwﬁa@pb@&@thécemmtawgo e PRRIHORSh 1S taweilé%Wﬂb = L2
sin 02 Equation 2 5 Wiere R2 is the horizontal conponent of distance L2; and
H2 i3 t hespeatita thepositionpbtheraerialfveh@ladi st ance L2. The di stance L2 can be
measured using the smart |aser distance sensor 104 on the 7 aerial vehicle
101.3The tilt andke=(32oc@nate nMeasur Bqudtidhrig an inclinonmeter or a MEM5S 8
accel eroneter. The azinmuth 02 can be neasured using a digital conpass 110. 9

10 [9025] At stepy206,ismhdig 2, if hogi&ﬁ@nﬁorces engage the aerial vehicle
101 while the 11 aerial vehicle 101 is searching and | ocating the hostile

forces, (the aer.ial vehic 101 can 2.evade, theiy .attack..by flying. oyt of
the i ndVFe g e HiHopiaf combo SN of MnaRER dir e e HE e LstirY romPoRhy e
target 103 from_its _new position even when the new position of the aerial
vehi €1 e distrnce 52 The digipicad2 42 Peaicastied using thesmastlager disiance sesas b4 amidei n t he
aerial vehicle 101 does this by a 15 three point height routine, by

measir i agridl hehivdr il@bnTlad titi aighn fe c®2 bE moeastied wirgr an lizdipometed odias M8
sensor 104, even through a gap in the tree to a point in the vertical

sur f gce agoeldrbieted 7T UMD, @an BE HéaduieCudies Bigital @RipatdB1mr the hostile
forces are |ocated at, 18 19 [0026] The smart | aser distance sensor 104 is
abl eqt o do this because it has two nodes. 20 In node 1, which is when the
aerial vehicle 101 has Iine of sight with the target 103, the

10 [0025) At step 206 in Fig 2, if hostile forces engage the aerial vehicle 101 while the

11 aerial vehicle 101 is searching and locating the hostile forces, the aerial vehicle 101 can
12 evade their attack by flying out of the line of fire, and still be able to determine the position of
13 the target 103 from its new position even when the new position of the aerial vehicle 101 is
14  behind a tree. The smart laser distance sensor 104 in the aerial vehicle 101 does this by a
15  three point height routine, by measuring the horizontal distance R, from the smart laser
16  distance sensor 104, even through a gap in the tree to a point in the vertical surface on the
17 building or structure where target 103 or the hostile forces are located at.

18

19  [0026] The smart laser distance sensor 104 is able to do this because it has two modes.
20 In mode 1, which is when the aerial vehicle 101 has line of sight with the target 103, the
21  smart laser distance sensor 104 would provide the hypotenuse L, and 0, to the computer 111
22 in the target locating system. In this case, when the aerial vehicle 101 is behind an object
23 such as a tree to avoid fire, a signal is sent by the operator in the vehicle 102 to the smart
24 laser distance sensor 104, activating mode 2 of the laser measurement which measures the

25 horizontal distance R, from the smart laser distance sensor 104 to a point on the vertical



21 smart | aser distance sensor 104 woul d provide the hypotenuse L2 and 02 to
the conputer 111 22 in the target |locaping system In this case, when the
aerial vehicle 101 is behind an object 23 such as a tree to avoid fire, a
signal is sent by the operator in the vehicle 102 to the smart 24 | aser

di st anceusRaSEN thd B4dildiag bi viaddtng wiReetaZeedll 03 BLtheanetile TBRE4ER B edM Aher
measures the 25 horizontal distance R2 fromthe smart | aser di stance sensor

104 to %Qﬁhfﬁ%g{% EdEoNa Hls&%}: kf% tht SHAT RGRIOT 01 gﬁethgﬁ'nl\%kﬂge@% 5§ ki elelr €

mhere t ar get or the ost| orces are |l ocate neasurlng
t he hori zont dj.st ance R2, the aeria le 1 hen neuver e

that o nemt Grar g aEnatr d0 1% ooBlasdueg4e Brgdigeoahs B BS SEERE g o
103. The angle (32 between the 4 target 103 with respect to the_ horizontal
pl ané oftatget | &3 Witk Resped ta e hosizonahplaphafiiacsdl vihide dAb1s then mgasuredywith the

di stance sensor 104. The distance L2 of the target 103 fromthe aeri al

vehi ¢l e shiitt lager clistarich sensoe 1641 1tel ditatedsiafghc@BieNEO 2 froat theraeridlhehdiel G lal
conpass on the aerial vehicle 101 7 or in the smart |aser distance sensor

104 W | | cahhedh oy Q¥dutiRed dg@osmNE c8datiod. THe H@R2I/Jond¥ass b2 theZRriall vEhftlg1 @,
measurenents of L2, 02 and [32 are sent wirelessly via the 10 aeri al

vehi ol e a i AR A Al RoL s 41 ellphRidekaAfRuph, the target T ocating

system in a ve on t ground e sanme tinme, the
V|de%|captured by t he V|deo 12 canmera 105 or electro-optics on the aeri al
vehicle 101 is transmtted wirelessly via a video 13 transmtter 106 to the
target inmage receiver 114 of the aerial vehicle tracking systemand 14

di spl%ys[oﬂgﬂ i mageAl sien B¢/ iohistlomeaggements heLodhapud Br argyseniawiralgssly vig thel 6
[0028] Again referring to Fig 1, the follow ng equations are applied in the
prockss akial tehifleidatagup and dwhdixﬂt@tl@r/ b reddth éinkddistdfohe edrgtthiecatiigi Sktewrehi cl e
101 with respect to the position of 18 the aerial vehicle tracking system

(L, 1101 ABhtEdin a ¥&hifle 2lon H8Srdund. ARG EGMAL A8, Be video captured by the video
12 camera 105 or electro-optics on the aerial vehicle 101 is transmitted wirelessly via a video
13 transmitter 106 to the target image receiver 114 of the aerial vehicle tracking system and
14  displays the image in the monitor 113 of the computer system 111.

15

16  [0028] Again referring to Fig 1, the following equations are applied in the process of
17  triangulation to determine the position of the aerial vehicle 101 with respect to the position of
18  the aerial vehicle tracking system (L, 6; and B,).

19 Ry =L cos f;; and Equation 3

20 Hy=L,sinp Equation 4

21 Where R, is the horizontal component of distance L;; and H; is the vertical component of
22 distance L;. At step 208 in Fig 2, the distance L, is measured using the 3-dimensional aerial
23 vehicle tracking cameras or electro-optics 108. The angle of elevation B, can be measured
24  using an encoder installed at the tilt motor of the pan-tilt device or a MEMS inclinometer

25  mounted on the pan-tilt device, and the azimuth 8; can be measured using a digital compass.



20 H =1L, sin [3i Equation 4 21 Wiere R is the horizontal conponent of
distance L,; and H is the vertical coggonent of 22 distance L1. At step
208 in Fig 2, the distance L, is nmeasured using the 3-dinensional aerial 23
vehi cl e tracking caneras or electro-optics 108. The angle of elevation [3,
can he npgsered 24 H%QGD ﬂﬂF@@Qﬁ@{)odlﬂitﬁi@ﬁtheqe@él vehR1d 101 wiRt:&pe&ftotiite

pan-tilt deV| ce or MS i ncli nonme 25 nmounted on the pan-ti It devi ce,

and the t ] At
ot ep Zod P 5 ae‘f%“vééﬁgl??%%%%%%’?agr ) SR FRRAT By i ad InCHEP

t he p |t|on of the aeri v trackin stem (Li, 0O, and p,) are
capt ur edf0§§eaﬂﬂglec}31t}é? ‘]Wte&(ﬂdlog éargpglgpattqg St{%‘ the conputer 111 of the
target locating system 4 5 [00301 Referring to step 210 in Fig. 2, the
targét |ocating systemuses L2, (32, 02 and Li, 6 p,, 01 to conpute the

| ocation (H3, R3, L3, (33, 03) of the target 103 with respect to the aeri al
7 vehi cl @oBojacki nResyrfihgro stdh210 mcap i DnheotardehbehidigeisteiDsenilh Bl @sqmedt, t 0
the aerial vehicle 8 tracking systemis known as the target |ocation.

Ref erg i g bPtotdinphte tHRGOEABAYHEL R?'L;P& oot e kBEAT I8NV RH résBé‘cttt@'ﬂQeateiﬁxp?*

W|th respect to the aerial vehicle l'ocati ng systemis based on the
ol | t + H t Rl R2)2 -
(R07\)M (\%‘ﬁljcqéj by a'clgl_nrcgdys’lteIBH%‘he d%a]tlogqﬁatﬁ O%rg'gp Tq_g “f_éi re%ec[t (t?_églé a rl% ?? )
Equatl on 14 03 cOosS cos 01 + R2 cas 02 Ré@ Equati on 15 P3=
tan & (tlrec }ngmteeqﬁalm%w 99 t féarg?t foseyiony Referpg o, I&é &omPPRtion ofithe 2

after the target locating systemhas conputed 18 the |ocation (H3, R3, L3
f 33, 03)logdtianhef thartayett NIB33with trespeetstpabe atrml tviebickelocatingvsyisient & basad ki rﬂgp

10 following equations.
11 H;=H;+H; Equation 5

12 Ry=V[R) +R)*~2(R)) (Ry) cos (180 °= 6, — 6,)] Equation 6

13 Ly = [(H3)* + (R3)*] Equation 7

14 03 =cos ' [(R, cos 6, + R cos 62) / R] Equation 8

15 B; =tan ' (Hs/Ry3) Equation 9

16

17 [0031] Referring to step 211 in Fig. 2, after the target locating system has computed

18  the location (Hs, R3, L3, B3, 03) of the target 103 with respect to the aerial vehicle tracking
19  system, this data is fed real time to preferably a feed back control target engaging system
20 which then directs a target destruction system 117 in the direction of the target 103. The
21  target engagement system and the target destruction system 117 are preferably installed as
22 part of the vehicle 102.

23

24 [0032] Referring to step 212 in Fig. 2, if the aerial vehicle 101 is within the

25  engagement zone of the target 103, the software of the target engaging system would disable



19 system this data is fed real tine to preferably a feed back control
target engagi ng system 20 which then gdfrects a target destruction system
117 in the direction of the target 103. The 21 target engagenent system and
the target destruction system 117 are preferably installed as 22 part of

the vehilg @rgk@destdBtioR 4ydt&03AY frefearking MOfrd@ fiigPadlbunts b tongZas thé abih
aerial vehicle 101 is wwthin the 25 engagenent zone of the target 103, the

sof tyar geRtiel 7 £aLigsh KD Qﬁ‘@ﬁ@&e&yﬁn%l[ﬂfviﬁé' kol FADSe Jeﬁga%en{éﬁ? szﬁ"er 8fthe

destruction system 117 preventing it fromfiring any rounds as long as the

aerial .2 vehi.cle 101 .i i thin t enga nt.zane of the tar 103, The
engagemifeingogehg Rutteadhed I8y RABERNENE FirdUbelifetBls Ry oy
the burst radius of a projectile at the target, 4 Oﬁ%ionaljy enl%rg%d by a
saf ety Pabemly enfargadchy & safety fagfer. dusuingase.ghe gxternebpijpt |1 8puillks: notified byy 5
the conputer 111 and he shall nmaneuver the aerial vehicle 101 out of the
engafentint cangmeer 116 anlee thall nemeivedr thehércl aelliole 1 arfoflthe engagérdenttzore.
engagenent zone, the conputer 111 shall 7 enable the destruction system 117

wai t bng Widn the@eApevedicd 10D iﬁ@ifélgaiuesidmle dagiderttht 06nes Yisd esthplerl Lid giad to
fire at the target 103. 9 10 [00331 Referring to step 213 in Fig. 2, an

103, 710 9 PRSTHR SREECL FREERT AP o A QRS Ftich S O

anot her eferred 4 enboditent of the invention. In this enbodi nent, the
el e R I g E

em has a 15 single video canera and a snmart

| aser di stance sensor. In this enbodinment, a smart |aser 16 di stance sensor
104 Ps mounted with the single video camera on a pan-tilt device 109 to
track 17 the aerial vehicle 101 instead of a pair of three-dinensional area
vehilol e [0033¢ki ng ®Rafieriag tastep 213 in Fig. 2, an operator activates the target destruction

11 system to destroy the target 103.

12

13 [0034] Fig 3 is a flowchart that shows generally the steps in another preferred
14  embodiment of the invention. In this embodiment, the aerial vehicle tracking system has a
15  single video camera and a smart laser distance sensor. In this embodiment, a smart laser
16  distance sensor 104 is mounted with the single video camera on a pan-tilt device 109 to track
17  the aerial vehicle 101 instead of a pair of three-dimensional area vehicle tracking cameras as
18  discussed in Fig. 2. The laser distance sensor measures the distance L; between the aerial
19 wvehicle 101 and the aerial vehicle tracking system. The pan-tilt device 109 has pan and tilt
20  sensors and a digital compass for the measurement of tilt angle 3; and azimuth 0, respectively.
21

22 [0035] Referring to step 302 in Fig. 3, in order to initiate the tracking of the aerial
23 wvehicle 101 in this embodiment, an operator in the vehicle 102 maneuvers the single video
24  tracking camera or electro-optics and the laser distance sensor; using the joystick 112 to

25 capture the image of the flying aerial vehicle 101 into the designated field view of the video



18 discussed in Fig. 2. The | aser distance sensor neasures the distance L,
between the aerial 19 vehicle 101 andthe aerial vehicle tracking system
The pan-tilt device 109 has pan and tilt 20 sensors and a digital conpass
for the neasurement of tilt angle B, and azinmuth 01 respectively. 21 22

[00331 Ref&idd dlﬁlehf(s)s h%ﬁnﬁ@t%d'll’l‘urﬁingtor&m bR 1Y g8hind Mal AlsbiRtiBed REilTLAASHS N9 Of
the aeri al 3 vehicle 101 in this enbodi nent; an operator in the vehicle

102 tRnelers, BISPLNokSiaY (R0 A b ARKINOS EATS A0l LS ApOBhAES,BRd, e

| aser  d nce sSensor; usin 5 capture

t he fIy| aeri al cle 01 into the designated f.ield. view of V|deo 15
1 trak ﬁgtaewaqrsgﬁ thmcv%wc&%trﬁ?&l%ﬁwa%fgﬁo irpgk & %%@Yaﬁlaaﬁdl%@ $Hi$0 be
usedto illumnate 2 the area around the aerial vehicle 101 to help the

si ngl4e vérewlimante the castdnqehlel isrmagasuled geing tBe diser dinteaces sansorr ofothe shngleadideal
vehicle tracking systemto track the aerial vehicle 101. In this 4
enbodi mecHmerd beelektfd-apties skskerns neasured using the | aser distance sensor of
the single video 5 canera or electro-opties system 6 7 100361 Since the
aerig vehicle 101 is arelatively small target when it is at a distance 8
fromthe aerial vehicle tracking system it mould be difficult to maintain
t he l.ase tance ensar i1t device.109 o he

NDVi n{; a@’#’? vehi %llnge %feﬂﬁh{%ﬁqﬁ/?@h fsh%{?ﬁ]a%v St“?‘f‘él @f%ﬁi&’hﬁ?g lﬁ%ﬁaléffﬁﬁ? a and
the video tracking software. The video trackli% canera . is, 11 progranmmed to

|

zoomd n Bamtthe agwgli whicle Hpeking systemnid wawd be gifdicnliite mpntpmethe a\%séf Hagtance

12 sensor is programed to be placed inside the zooned i mage of the aerial
vehi A e $@ior iitwmtedi® ths paodtilt dewicsi INgloa thé thewvingraackli vehicda bk mamaly wikieut
tracking software mtigates the probability of 14 tracking error as inmage

trac) nothel aedd tridBn@cameigeshdt Se AHEQN QRIS YoffRAB! The vidtd @kim canddraVighi cl e
101 within the view of the video tracking canera. 16
11 programmed to zoom in on the aerial vehicle 101 and the cross hair of the laser distance
12 sensor is programmed to be placed inside the zoomed image of the aerial vehicle 101. The
13 use of the single video tracking camera with the tracking software mitigates the probability of
14  tracking error as image tracking algorithms are used to autonomously maintain the aerial
15 vehicle 101 within the view of the video tracking camera.
16
17 [0037] Fig 4 is a flowchart that shows generally the steps in another preferred
18 embodiment of the invention. In this embodiment, the aerial vehicle tracking system has a
19  Millimeter Wave Radar with a 3D radar scanning mechanism which is very effective when
20  the aerial vehicle tracking system is used in rain or inclement weather, where there is smoke
21  and fire and when the sun is behind the aerial vehicle 101;.to measure the position (L;, 1, 6;)
22 of the aerial vehicle 101 with respect to the aerial vehicle tracking system on the ground.

23 wherein the radar aerial vehicle tracking is advantageous when the video tracking system is

24  ineffective in certain circumstances. This embodiment with the use of radar technology is



17 [00371 Fig 4 is a flowhart that shows generally the steps in another
preferred 18 enbodi ment of the inventign. In this enbodiment, the aerial
vehicl e tracking systemhas a 19 MIlineter Wave Radar with a 3D radar
scanni ng nmechani smwhich is very effective when 20 the aerial vehicle

tracki No, @Y Sh&Bub WHéR Qﬂe béYidl leRicRy tradmgeg@,&&n el ah raithfRrigcleMehtewtahg ke
21 and flre and when the sun is behind the aerial vehicle 101;.to neasure

the 699 l{ek'%lsjsgébke Ok ﬁr%a%ld%hetnpﬁe s s%l lalx\llﬁlﬂgezzle\?\ﬁw&ué%ﬁﬁ respect to the

aeria g system on erern e radar aeria
vehlgle tracklng i s advant ageous when the V|deo tracking systemis 24

i nefffective in certain circunstances. This enbodinent with the use of radar
technology is 16 1 advantageous when the aerial vehicle trackin ystemis
used 4 n W88 or i Rke¢fermmattovaéent MY In FIB. dhay erdena anifiaie dhopkackang of qheeaealnbl when
the sun is behind the aeri al vehlcle 101. 3 4 [00381 Referring to step 402
in Fiyg. vkehidlea]1 0, debpémtdr in tHeateRicld B2t statskhé gadaf sdaheing€or tht aertal wehiclel 1©1101,
an operator in the vehicle 102 starts the radar scanning for the aerial

vehi ¢ e Qs la)ﬁthE q’oc‘%éﬂ? bthet rlﬁ'@ar rOfF@tdrRoRfed BE{hé QQ’?JI vERiEle€® Ofn (RPHYnREr | N
t he aeri al vehlc e 101, in the nonitor 7 113 of the conputer system 111. Li

is su t he radar 100391 T for rrentl oned i nvention i s not
res{r??ctiél *QM‘?T?WQ“‘?&SY%SBH“%H bsr{geaﬁﬂlieg%é{gh 4l so be applied to other

applications such as fire fighting and rescue operations. In addition to 11
the derial vehicle tracki ng system enbodi nents descri bed above, it will also
be readily 12 apparent to the person skilled in the art, given the benefit
of tH s 032 osur eThehaforenteatiaeed iabentitd iv ebi mhteictedde kiihgrs yepleatigwbut ommpr i se
conbi nati ons of the 3 enbodi nents di scussed above. 14 This is to cater for

depl my nedlko BS applied &y sthempplicstidrk 8heNis fre MRS aAT RSc@ EhetMons. dAABditios uch 15
as the need to operate the system when raining, when there is snoke and/ or

I:Io:@t 1 O W‘Q fba‘ag%gtr%gplga?){%e\?ﬁ BMohﬂﬁexﬁ?rdh?énb\é&mb‘abé #QH1ChIsb RN Rakiy SPace
12 apparent to the person skilled in the art, given the benefit of this disclosure that the aerial
13 vehicle tracking system can comprise combinations of the 3 embodiments discussed above.
14 This is to cater for deployment of the system in different circumstances and environment such
15  as the need to operate the system when raining, when there is smoke and/or fire, or when the
16  sun is behind the aerial vehicle 101 or there is space constrains which does not allow 3
17 dimensional video cameras because it requires a large baseline. The target locating and
18  engaging system also has the advantage when the GPS (Global Position System) cannot be
19 used because the GPS signal could be jammed in time of tension.

20

21 [0040] From the foregoing disclosure and detailed description of certain preferred
22  embodiments, it will be apparent that various modifications, additions and other alternative
23 embodiments are possible without departing from the true scope and spirit of the invention.

24  The embodiments discussed were chosen and described to provide the best illustration of the

25  principles of the invention and its practical application to thereby enable one of ordinary skill



17 di nmensional video caneras because it requires a | arge baseline. The
target locating and 18 engagi ng systeanIso has the advantage when the GPS
(d obal Position Systenm) cannot be 19 used because the GPS signal could be
jamred in time of tension. 20 21 10040] From the foregoing disclosure and

det ai I1‘3d EHhE rai‘t}% !u@@t}f%fingﬁu{oﬂiiﬂ _vglri&iseer lg?iimgl?ts gﬂé’%hr%?i%ﬁs -otciityga{i!)nsbeﬁ aég

apparent that various no Ications, a tions and ot her alternative

enbodiyrent s, are possi bl e w t hqut arting fr the true scope and.spirit of
The "t rventiish s B bt el bt trodieab bl RRE e M Bt o
provide the best illustration of the 25 principles of the invention and its
pract i tal S@ppPf Birtipyntion a deteapiped by sheanpsadek clagms; whenyintegpneted 11y acqordagce he
art to use the invention in various enbodi ments and with various

nmodi f i £at withshealsreaitle to ®hghitheydart daitlivde gadlyt arsidquitablsentted.enpl at ed. Al l such
nodi fications and variations are within the 3 scope of the invention as
determ ned by the appended clains when interpreted in accordance 4 with the
breadth to which they are fairly, legally, and equitably entitled. 5 18 1
CLAIMS 2 1. A nethod of |ocating and engagi ng a target having an engagenent
zone 3 conprising, in conbination, the steps of: 4 generating a target

| ocation of the target using a target locating system and 5 using a target
engagenment systemto control a target destruction system wherein 6 the
target engagenent systemdelivers at |east one projectile to the target
based on the target 7 location; and 8 wherein the target engagenent system
checks an aerial vehicle position of an 9 aerial vehicle against the
engagenent zone of the target, and if the aerial vehicle position is



10 within the engagenent zone of the target, then the target engagenent
system di sabl es the 11 target destructjioon systemuntil the aerial vehicle
is maneuvered to a safe | ocation outside the 12 engagenent zone and the
target can then be subsequently destroyed or elimnated. 13 14 2. The

met hod ofp@lisggn 1 further conprising an aerial vehicle tracking systemand a
15 vehicle, wherein the aerial vehicle tracking system conprises tracking

vohi cre 197 154 T st kA i RSP BRACTRY R R B, e cui ng

system conprises two 19 three-di nensional aerial vehicle tracking caneras
havi nf a $URPEIRS IRFURPIRRIGR. BXHePSRf'ee- 20 di mensional aerial vehicle
tracki ng camera having a crosshair; wherein after the aerial vehicle 21 is
pl aced wit hi n t hgefdrating aofargei bgatemofithe targes geingfa target lgeatinglsystem; atde i s
pl aced onto the 22 crosshairs of the three-dinmensional aerial vehicle

trackj ng canerasusihpa thngackigagehi&ittsvaed to Sont3 aasigevddsatcetiotdsyd@m, vhéreid he
met hod of claim 2 wherein the aerial vehicle tracking systemconprises a 2

vi degs Ca{ﬁ%g?rggﬁéé-igggen?enlft lsGdilln Qelivdr& W RAY Re %&ag&\f}\ﬁh{ the@agbObdsel of WPBRRE aN

i ncl i nonet a 3 laSer distance senso erein after the aerial
vehic}e %ﬁ wthin the field of view of the video canera 5 and the inage of
the aeri af*V&hf™ e is on the crosshair of the video canera, the tracking 6
software is activated. 7 8 5. The nethod of claim?2 wherein the aerial
vehi ct e tracki ng Wi fRe gt | cgagemend sysieia chpghsi g agrial jvehigloopositianwha® t he
aerial vehicle conprises a radar reflector enhancing a

9  aerial vehicle against the engagement zone of the target, and if the aerial vehicle position is

10 within the engagement zone of the target, then the target engagement system disables the
11  target destruction system until the aerial vehicle is maneuvered to a safe location outside the
12 engagement zone and the target can then be subsequently destroyed or eliminated.

13

14 2 The method of claim 1 further comprising an aerial vehicle tracking system and a
15  vehicle, wherein the aerial vehicle tracking system comprises tracking software and the aerial
16  vehicle tracking system is mounted on the vehicle.

17

18 3. The method of claim 2 wherein the aerial vehicle tracking system comprises two
19  three-dimensional aerial vehicle tracking cameras having a field of view with each three-
20  dimensional aerial vehicle tracking camera having a crosshair; wherein after the aerial vehicle
21 1s placed within the field of view and the image of the aerial vehicle is placed onto the
22 crosshairs of the three-dimensional aerial vehicle tracking cameras, the tracking software is
23 activated.

24



10 reflected radar signal fromthe aerial vehicle to avoid confusion in

| ocating the aerial vehicle 11 due to gom/signal to noise ratio especially
in an urban environnment; 12 wherein aft'lér the aerial vehicle is pl aced
within the field of view of the radar, and 13 the signal fromthe radar

15 6.0 Tris et hod TBY TSPCL RGO kgt BRI AT RS sir o bR ey

conprj ses one 16 of an jnfrared video canera, electro-optics, and a 3D

vi ded t r WERY FRENCAARYIAS ﬁé{ﬁﬂ ViR ged grdosshar. arlipia Icompassn af flipgmeter fnd’a
capabilities, and a smart |aser distance sensor; 18 and the vehicle

conpri seleseatdistamgesersag i nfrared illuminator to help tracking of 19 aeria
vehi cl e and searching and identifying targets in poor |ight conditions and

at night . 20 2héreinl BRRerMiht hiedalofehtuly isonihidaf the lfld1sf VietvooBthehededi dantdie
target locating systemuses 22 triangulation to generate the target

| ocatg onyn e igtheB-of HRE BBANAHIQE i80Y ROCrREnL! BF AR {/iﬁl&? cAmORETR Bralifify

target location i's generated 25 using a three point height routine when the
aeri ve 'cle.is.eq ged by hostile forces. 20 | 2 9. The method of claim
8 whe eiﬁ"ﬁ%eFﬁVggiggint hei ght routine conprises using 3 Cosine equation

and ot her mat hematical functions. 4 5 10. The nethod of claim8 wherein the
t hr ee/ poi nt height routine conprises using 6 Sine equation and ot her

mat hemati cal functions. 7 8 it. The nethod of claim8 wherein the three

poi nt8 hebght rouflhaenathedpof slesn Wswhepein the aerial vehicle tracking system comprises a

9  radar having a field of view and the aerial vehicle comprises a radar reflector enhancing a
10 reflected radar signal from the aerial vehicle to avoid confusion in locating the aerial vehicle
11 due to low signal to noise ratio especially in an urban environment;

12 wherein after the aerial vehicle is placed within the field of view of the radar, and
13 the signal from the radar reflector is received by the radar, the tracking software is activated.
14

15 6. The method of any one of claims 2 to 5 wherein the aerial vehicle comprises one
16  of an infrared video camera, electro-optics, and a 3D video tracking camera having image and
17  thermal intensifying capabilities, and a smart laser distance sensor;

18 and the vehicle comprises at least one infrared illuminator to help tracking of
19  aerial vehicle and searching and identifying targets in poor light conditions and at night .

20

21 7. The method of any one of claims 1 to 6 wherein the target locating system uses
22 triangulation to generate the target location.

23

24 8. The method of any one of claims 1 to 7 wherein the target location is generated

25  using a three point height routine when the aerial vehicle is engaged by hostile forces.



9 Tangent equation and other mathematical functions. 10 11 12. A target

| ocating and engagi ng system conprising0 in conbination: 12 a target having
an engagenment zone; 13 a target location of a target generated using a
target locating system and 14 a target engagenent system which controls a
tar gelt destruction system wherein 15 the target engagenent system delivers
at |least one projectile to the target based on the target 16 |ocation; 17
wher €l n $he t ar gdhe emggbork nE nkairs \8s weencwhihe Kbrearpoad rtieght veltinel @ngoses usng of an
18 aerial vehicle against the engagenent zone of the target, and if the

| ocatj onCefiné bguatieh had othéOmu@bnatieal Bagtibhgn is Wi thin the engagenent zone of
the target, then the target engagenent 20 system di sables the target
destrpction systemuntil the aerial vehicle is naneuvered to a safe 21

| ocat1 on before the target destruction systemis enabled automatically by a

conpuier to allo 22 th rator to.actiyvate t destruction systemto
Gostry ot m e aforhf pOBEIR bap @iy B B3 Dpimt el oyl G BTk L ng
and engagi ng systemof claim12 further conprising an aerial 2 vehicle

t r ackd ngSBy $aedtioariad gthes magheamatigpldbastipng. conputer of the aerial vehicle
tracking 3 system conprises tracking software is nounted in the vehicle. 4
5 14.7The target |ocating and engagi ng systemof claim 13 wherein the aeri al
vehicle 6 tracking system conprises two three-di nensional aerial vehicle

trackg ngjganer as TWRikAhéd 8f cibim W dhafefitHe AhRR RN ChedR Yo @i ashritayufigga
field of vieww th each three-dinensional aerial 8 vehicle tracking canmera

havi a 0 I I r..th ial vehicle is placed within 9 the
fiel 3& of T%é@%?%ﬁil&ﬁ?rhé‘@f%é@m%&@%&a&@nﬁgﬁﬁs\yehi cle is placed onto the
cros%wi rs of the three-

11 12 A target locating and engaging system comprising, in combination:

12 a target having an engagement zone;

13 a target location of a target generated using a target locating system; and

14 a target engagement system which controls a target destruction system, wherein

15  the target engagement system delivers at least one projectile to the target based on the target
16  location;

17 wherein the target engagement system checks an aerial vehicle position of an
18  aerial vehicle against the engagement zone of the target, and if the location of the aerial
19  vehicle position is within the engagement zone of the target, then the target engagement
20  system disables the target destruction system until the aerial vehicle is maneuvered to a safe
21  location before the target destruction system is enabled automatically by a computer to allow
22 the operator to activate the destruction system to destroy or eliminate the hostile targets.

23



10 di nensional aerial vehicle tracking _canmeras, the tracking software is
activated. 11 12 15. The target |ocati“ng and engagi ng system of claim 13
wherein the aerial vehicle 13 tracking system conprises a video canera
having a,field of.,view and .a crosshair, an i-ncld po er. a.digital
Compass T | adby (Ek el ShR Btz o ¥im I L BRE Chnnfuft H 4 o
within the field of view of the video canmera and the jinage of the aerial

vehi d e Y&higde tapking sgstemoancha; ehiste, Weerein fe 60mRMET &1 thehachd] arekicly traeitgar e
is activated. 17 18 16. The target |ocating and engagi ng system of claim13
wher 6§ n $ysemaemiprisey trhikih@softveare rsaofiniefd sytbe gehidonpri ses a radar having a
field of view and the aerial vehicle conprises a 20 radar reflector
enhancing a radar signhal to noise ratio; 21 wherein after the aerial vehicle
is placed within the field of view of the radar, and 22 the signal fromthe

radars ref} ect or Zpﬁggg l%gﬁir}rgyanﬁﬂ{% %%lggrsystérgg)ftcﬁﬁﬁlkifng/héﬁiﬁ M@ra%fihlsvehicle

activated. 23 he target ng and engagli ng system of any one of
cl ai 1 0 16 erein. 25 t aerial .vehicle c rises an infrared video
Camer kg SR ToFonfriveRdye e aBRriRy o RERL R Ring Paendtit Phigh o
intensifying capability and both, and a smart | aser distance sensor, and the
2 vehl c| &rewiasrtpsabange acayaey drkhaving afield of viewivvith eachitbregslimensianahagtishg of
aerial vehicle and to 3 assist searching and identifying targets in poor

| i ght8 cowndiitle traskiagdamtrariiaghtg. a drosshalr8 whiteen bfargbt aéried atchiely mrpdaced gadiimg
system of any one of clains 12 to 17 wherein 6 the target |ocating system

uses ¢ ri gRgIALT ABwhad dRNelak O f teactial ediclé RGAde@Dnto’the rokShairke thcathaRt
| ocating and engagi ng system of any one of clainms 12 to 18 wherein
10  dimensional aerial vehicle tracking cameras, the tracking software is activated.
11
12 15, The target locating and engaging system of claim 13 wherein the aerial vehicle
13 tracking system comprises a video camera having a field of view and a crosshair, an
14  inclinometer, a digital compass and a laser distance sensor, and after the aerial vehicle is
15 within the field of view of the video camera and the image of the aerial vehicle is on the
16  crosshair of the video camera, the tracking software is activated.
17
18 1le. The target locating and engaging system of claim 13 wherein the aerial vehicle
19  tracking system comprises a radar having a field of view and the aerial vehicle comprises a
20 radar reflector enhancing a radar signal to noise ratio;
21 wherein after the aerial vehicle is placed within the field of view of the radar, and
22 the signal from the radar reflector is received by the radar, the tracking software is activated.
23

24 17. The target locating and engaging system of any one of claims 13 to 16 wherein

25 the aerial vehicle comprises an infrared video camera having one of an image intensifying



9 the target location is generated using a three point height routine 10 11
20. The target locating and engagi ng system of claim 19 wherein the three
point 12 height routine conprises using Cosine equation and ot her

mat hemati cal functions. 13 14 21. The target |ocating and engagi ng system

of cl pi MARALIMAE tRirMal ReersTyRE BRIbMity ahe bR, Gt a EALY A6 §IRAREd &BSorUsid e Si ne
equation and other mathematical functions. 16 17 22. The target |ocating

q . L : Che. : e :
and erasGung: ATl LR A5 ENF e IR of RPSLA0R s
3 assist searching and identifying targets in poor light conditions and at night.
4

5 18. The target locating and engaging system of any one of claims 12 to 17 wherein

6 the target locating system uses triangulation to generate the target location.

g8 19, The target locating and engaging system of any one of claims 12 to 18 wherein
9  the target location is generated using a three point height routine
10
11 20. The target locating and engaging system of claim 19 wherein the three point
12 height routine comprises using Cosine equation and other mathematical functions.
13
14 21. The target locating and engaging system of claim 19 wherein the three point
15  height routine comprises using Sine equation and other mathematical functions.
16
17 22 The target locating and engaging system of claim 19 wherein the three point

18  height routine comprises using Tangent equation and other mathematical functions.





