;e3e>: 1 4<4=77>6>T>\d9" Y ~f 1 Bi rchstrasse 155 CH - 8050 Zurich /
Switzerland 5 OCLl76- SG SI NGAPORE 10 NETHOD OF TRACKI NG A TARGET AND
TARGET TRACKI NG SYSTEM 15 The present invention relates to a nethod of
‘tracking a target according to Jdaim1l and a target trg g
according to Claim1ll. The present invention is partic @ t
exclusively, inplenented in the 20 context of tracking (3 atch
are to be conbated. Typical |l PerdikoanConteave®AGnd a tracking sensor are

used for this pur o rch space, is
particularly int ﬁgégs‘f%gg?hg%u:bdi §§,"~;0 %QFI%HI}I’;IWFZeE‘g E‘fh space for a
target located therein and 25 determning target information in this way,
whi ch describes at | east the novenent of the target and/or the track of the

tar@et in the past. The target information typically includ @ @ |m_ta

about the target, particularly about the type of target. In
expedi ent to design the search sensor in such a way that it
usi ng ®CB7§eSGange and in a wide angular region, i.e., 30 in a*#Exd

search ma% may provide detailed target information. Search sensors
typi caﬁiy ég using relatively | ow search clock rates. Ext rapol ative
flight path data is then established fromthe data determ ned b y the search

ThiQ f1i ght path data is essentially used for the purpose o

coarse 35 alignnment of the tracking sensor. The tracking sensor LS.
frequently designed so 1 Palente Mar ken Desrqn | _i zenzen Cupyr fight

that it covers a tracking space which is m)re restricted than the search
space of theygeg Pﬁ‘o%efﬁﬁ?éxn@éte*r/xké@r %é@fﬁ%@ﬁl‘ud §Q8YEMe search
sensor, the tracking sensor search or t arget agarn in a starting
phase of its activity before it may detect the target, align itself to the
target, and track the target. 5 The mai n di sadvantage of this typical
method is that the target is not taken over by the tracking sensor wthout
probl efhe Jla@eRf ﬂWe‘?m%rWe‘?aﬂé@%'&Héhbd oF WK d B thbyet %%?dﬂnb toh€lalrhacki ng
sensor has worse vision properties and/or a significantly smal'ler field of
vi ew addens adagget wpekingrasgemt aceerding tocalpbn Slensor. A further 10

di sadvantage is that the search clock rate of the sensor, which at |east
partially determ nes the nethod sequence, and which is used to provide the
t ar get The present invention is particularly, but not exclusively, implemented in the

sensor, which describes the expected novenent of the target ’mm}mm mmm

20  context of tracking flying targets which are to be combated.

Typically, a search sensor and a tracking sensor are used for this purpose. The
search sensor, which covers a search space, is particularly intended for the
purpose of searching its search space for a target located therein and

25 determining target information in this way, which describes at least the
movement of the target and/or the track of the target in the past. The target
information typically includes further data about the target, particularly about the
type of target. In general, it is expedient to design the search sensor in such a
way that it may be active using a large range and in a wide angular region, i.e.,

30 in a broad search space, and may provide detailed target information. Search
sensors typically operate using relatively low search clock rates. Extrapolative
flight path data is then established from the data determined by the search
sensor, which describes the expected movement of the target in the future. This
flight path data is essentially used for the purpose of performing a coarse

35 alignment of the tracking sensor. The tracking sensor is frequently designed so
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aircraft data for the tracking sensor, is relatively |Iow, but the search
clock rate may not be increased at an acceptable cost. 15 A nethod and a
systemfor a fire-control systemof a nmanually ai nabl e weapon are known
fromU S. Patent 5,379,676. In this case, a sensor systemis provided,
havr ng he form
e o B P e P8 O
t he| r tenseancbtdenspr b iftarttakings ol ersthectargee tronh éne sk g rchasensstrj the not
satlsfactﬁry 20 It is therefforﬁ?eptpe opj ect of tp present f_n\{ent - to
suggest AR MInFHTRE M Het HATCIOx YFELPARIN 1Y 7 yLRitNgPN a0t 'f@cbrl% de a
t ar get péforekt Ath\sYSteRLhOka f anid | r\ﬁe#hb&h@&b%& aRgl thac M &€ Fariglee,
di sadvant ages of the related art are avoi ded Thi's obj ect is achi eved
according to the present invention - for the nmethod by the features of
Claim i im11.
30" pr of B o b uniReb UtRls AT ARk el tnd rdefd: HoE Tt bliet
dependentth€lteaakin@ sensdiOwihdufl Bratne 33, Ties pesitierrs gre ﬂ'dnercnmm,t smsertmd runs
as fol] aqws: Tfe search sensor gearches i.t.s _searc spa(gl or _a ar%g as in
&4 ¥ a

the tyPl'2&PSbt Kisdt aFkinBriesseabias Wge SAsiPR Prapaities 14/e5 & Hga s

first gRakrFialoPURMPENERATS RiffFdrepk raddethdh tRE Eedch Serbeh PaRsks: The 2
search clock rate does not have to be precisely constant for this purpose.

ThE) sedisarvaripgs: isdapk the Ae3rinclpainfateseliientansor omhiticat \Raskagtialhyl e, the
time i n gtwﬁ d by the
first Q @rﬁﬁbg%)féh%nd g@gs:egqru%hc% 8@ a%ﬁ‘r‘quEéH:% B%\ﬂgeggggc%g&é;so %/o be
under séivothfadata farddestrackingisensomntiexelativety rom atlutd@essamoln sjodkhatéi r st
clock rate ngl/ or searég clock rg e]egierﬁlrgrally corresponds to the nunber of
sear ch¥&n3%r °F S HFFon ;SSP P %t? If a target is located in the
search space, the search sensor establishes target information at its

search cl ock durln e se ential earch sses and/ or search
sehsor ArBEETQ ﬁ@ Ahe ?%t@é GPHH BYFtHB“s&’?PHBé”U% et‘}ﬁrweae%g

i nt er pgt@khOW. fréfeuls, alfd‘teH@'SC:Wg Bo6! anOdis Base, &l E&REbr sf)JsPé‘Y'ﬂ ighrough. The
target information may al so contain further details about the target, for
exanpl Brovigedr haxingre Eassitdaviee pad ger elegiie-enticaésaragnigen Systareia/thee
query C ets; f f e

onbat fec}ci—Pﬁ BF%,P’QE{ %éb@{agrﬁg‘@tsgrﬁ%gﬁigngrtﬁgn §é'12| ér%?ra?a% Hajr%%&t'@dge of
t he t athygt cQBSUrnttmmmrabwtotheoﬁesnustacpi@estemecewnasn'esstrllbmmt satssfadtiogyonl y
us'(ﬂg the target information relating to enenmy targets, an expected flight

and/or flight path data, which describe the flight path the target is

expect gdistthetefioee ithe ohgedtuifuhe, prasentpineentied, t hr ough extrapol ation. |nstead
of taking over the target directl in the te/gllca th d, searching for

the target FqSHPPRE HegPRMYSY Wéﬁé%ggltlﬁe RyPopitigiy Ceds nd tracking it

aut ononousl ¥ ptrévitBe ferget trizekinedsystbe ﬁdr%jéﬁd”rgnrﬁﬁrtﬁ%rm@@ﬁéd not track the
sensor autononously, but externally controlled e external control is

perforH’é‘d’go‘f‘ihtcﬁeth@a%'%d\’ﬁnt?ﬁ@sPft'@%fe'ﬁéﬁ%aﬁa@r@ d¥Ydeded to the tracking
sepsor at a second clock rate, which is higher than the first clock rate
and/ or search clock rate. During the transition phase, the externally

cont r olfhisdohjeat kd aghieted encudingtatmedregentheventpatt ed f1ight path, even if
t he target y t be sensed by the tracking
sensor. As Eooﬂr?%a@%?rﬁ%étﬁg%gt%e%{éﬂ% é)félﬁefélggg a'?r% is detected by the tracking
sensor ; thrmrgtmmrgettﬁaekttgaststémohw plhmﬁ@tamldofCtahm external control of

t he tracking sensor is ended. From now on, the tracking sensor is tracked
on the target autononously and/or tracks the 30 target autononously. During
thept r@F@rbtreenre@th@ﬁeenttshﬁ therdsegeﬁtatﬁv@ﬁtroh%rélcre%etjybysereaé Bydéfe tracking
sensor, but the tracking sensor nonethel ess tracks the target in a way

whi ch ﬁ'ﬂbamtiez tefldy prd 1200030 " spagtivelyt | east approxi mately in the scope of
t he possi ble precision, which is determ ned by extrapol ati on, anong ot her

t hi ngs. Searchi ng for t he target again, this tine by the t r acki ng sensor,
i's 35 Mot nmeetssethpd fumstdsefoifowsnt The sedrichhsdrisonasgarihesdtd yearehsspacke

target, the 3 tracki ng sensor is already ainmed at the target
or bl et ook Ty Piomh Bt b SRR aea B SR SHaREIS SR hRF { he

tagget apaifiyst %ch%@@'aﬂ@?o@ééhr%ﬁ%%ét@ ih MeuRipfe 8éakhdhsdakay tHe t (in the
formof a nonitor, for exanple), an arrangenent in which the target point

occupies the center of the nonitor
2



5 typically being selected. In the novel nethod, when the target may be
sensed directly by the tracking sensor, it appears in direct proximty to
the target point (or within a gate which is displayed on the monitor); the
target woul d appear exactly around the target point if the actual flight
Pat viase £l disidpRe dbddinblRa fXts BRORLRYY LoGbnPRINANEUARAL NPe
unconpensated errors were noticeable. For 10 transm ssioh wthin the system
of t hesatch agsedr dntwnmeetammna\ge Beghenasofrem ﬁactmtvcewmgeartgate,gete timecki ng

system | so t he t suitabletran mssr , It is
o so U BTER AT sht MageRid Hn Tt red el BRL e BREE bv A 34 tlaPR

cont i NkAdSAnG/OF seBréh Eloer ket Waygitdldkidt@stdre 3186 to Gl @iddrevssd as ar get
information into consideration. 15 The advant ages achi eved using the

pr SsentM@gRAei thin capEexds skt 1kpTIpd $enpos, e firshclgpk ratepnatortsearent acki ng
SensorcIBEﬁtraféeFEHErraIIQ/eEJr?éssBd%%l th%%ﬁr%e%‘(%@?r‘}}rﬁsé}%ror rBtétt & ﬁr“t ormati ¢
sear ch novenenfs as no target appears on the nonitor

tracki uargrtsrfrtime, Irfeaatsamgst tshlata teal inat’r@$earpb6@rase,2ma:mardhtmnaerf ol l ows: the

target i.s t in. e trackrn t 00 . the target is
h ChectpnlRtey rgel atmet Brce e SPARR 8¢ Bl fu S cdBbleiselense
I ecognsgaieh e atides tab dib MBS Siter 4ehsabF6faRIdnen. THY tarafee hfonheiohheedcpibas!
reaches the tracking space, the tracking sensor acts, with the aid of the

extler NBPSLBINtYLNY "&‘%erPP'W|Sdthq trackRicarhe tepoeichasce redry flanget , al t hough
LTS tHBLgR! A Bhiget mfoti'ﬁ'f%tfornar?t'é'y”cgﬁé%aﬁ@rnWh@P%@EQ'sya@&?tochlee ai med at
the target "and he suspected t path before the target reaches the
t r acki wygshdos. eX|amrdﬁy lro‘asreatlpheamrttébertergeiftypheortraersges of @ flenayfeensur ed
if the T t her

concenpare RO Mg FaiothBe bl ic sehbst BRRo R v AR (e
appearraegeacotrartttaeget&r g;etasofrmelntmw atrordfar Wrtrm knbdeedg’?et)of thestdrgequent | y

opt | caJ I manual Iy o utomatically track t tracki.ng sensor on the
et N BRUGR G DBiRGE G T b o3see bt DESTRINGH v Wung SRE 2R 08k ch may ¢ hen
be Senﬁﬁgrrﬁbﬂ@ﬁtrbbétmg tdﬂenéﬁ@cﬂ@r@etsseﬁserpecﬁ@dﬂtgehtr@athcﬂrra/brarrdr&cbétﬂd
possibly rapidly combated, in any case, ficantly nore rapidly than
with tﬂetat,Wléard%ebefth@ﬁégm pg@’n ttrﬁatargaatSanWﬁteﬁ tadakprinyheddtusal y at
the | outd broVided Oitoddh ExitanRtioR! FREESDoFtAGH kP thd tard@idifd Ay, gss and
ef ficient per or mance o nove , It | not necessary for the
sear chlrsmwl@atdhemod,rseaakcmggs‘ensm tangeh dvamitbermdgianingeenaghagain at

c ac c .Skl i ot her .
TG e b SrRRET A RE TR TR R, % Pl RS

syst endoed apt exanipihe, sarser usabhembogyt ek elxyerberllhg:omomlledd T exEErmaI

effici entI actr sensor.. co osr i.ch the v of each sensor
f or coﬁ%réttr hi§ ‘teaf% &4 ORHER Eh%rﬂ e‘%ﬁ] FIWO?J{WQ%O @‘@oﬁé K88ause
the tres&kddroatsereedrsd @ro%kfrraeél,u\ﬁﬁtchYSCrﬂgmnﬂfﬁnStl"@‘frﬁﬁtfc&&ﬂkyraQéIaS’Id/Bg weapon
systens, whose effr ciency 10 may he el evated by wor k| ng together with

sear chSekEJTck r‘i’rtepaPt‘f'EEIItQﬁ tr%%t'gemﬁesmér‘t%ﬁa X ﬁ@“’trPH%‘FlrtFﬁfks"éhsor
a5 hay@néﬁrqgl@ﬂnebaétgﬁt% & Qe ?Wpé’c‘he‘é%h rﬁﬂ%‘tﬁgeﬂ%aﬁ?ﬁwe fhexmgar ch
sensor generally having a larger tange and usually al so able to sedrch a
br oadespasfy HdrMap s belsenseccly the fraskses Sensornays beondvdhedgearismeay

D oy e BeREBH 7|t 15 BRECL M RPALERN SN b GAEN R Ea gl T er en
capabi I'rti'es searc unit € responsi ble for
di f f er phéseantyat traaeaxtcehnalpem'etsolvdftble tmmietrd_:;esleeser m;veerrdeab Emmlrpw on, t hey

may be Erp Psrblefor Eshes E but V\fl '-SF% gffer nt vi ew
and/ or tfeF@CKNShSEIOLL P SR O'HBPSM 4r ffa<etPecondi ti ons
I Bt hetBacaubet a¥v@e0s e NBaFin rtelettaémtron bwasel g tHrigkenedy nbt e@e&rtéc@ﬁy of
the target, which lead to different detection results. Fre%uentl , a radar

sensor S¢RsassbY the traddng AN duit thadragking FERF AN ReIHSIeSSABagSeiEr abl y an
FLIR s M'w Iy lw il pe

Fraoki g e By T B N B B Bt SR R e ot e
so t hascape Déttm pabsreleapretcheom,awgejh |sajquéet1eieﬁ byud:etrarpdtattdry aphomdpe direct

detectapili arget. b r its |y, even if the

t ar get P@e %{ Fﬁp‘ﬁhﬁgiﬁr&egﬁfﬂ EhaRay Eb té'ﬁ‘?e Y @efh%ktftgaé%”%?é Sensor .
Thes t raekh@gewvs 18f tHeh@ ohi ki NGhiZR NS Aiay BiYe &9y kERSLERNESY et Othemanual or
automatic tracking of the tracking sensor. Tracking sensors whi ch may be 3~
tracked both automatically and manual |y are advant ageous, so that a 5

mal function of the automatic tracking system does not cause the mal function
of the entire tracking sensor. The novel nethod is especially suitable in
cases in which the tracking sensor is 5 positioned spatially separate from
the search sensor, but, of course, |n a knomn relatrve posrtron to the

o o o — o . o, . ) .



15 Individual calculation units may formthe cal cul ati on neans necessary in
connection with performng the nethod. Such cal culation units may be
assigned to both the search sensor and the tracking sensor. Generally, both
-the search sensor and the tracking sensor, and frequently also auxiliary
SYSt eiPadiiff s3sS0is/ BRI afiAEA ok Tie tBAAKR. SRSSICLER b YaldB RITRO GG
calcula?ionaunifs.Sln nanyacaseg, tﬁe ﬁ%ﬁget @Fﬁék?ﬁg g;%? n1h§§ﬁgﬁry one
sear clthedmadting lsensaoiseainteth abnand thae kanggt peirgaurredndingsierdshotmacki ng
sensor _is.in a different relative position to. the search sensor than the
iros WCRR e SereEion kgt T e BR% bl SooSeondon caarRISATon takes t ne

di f f ersping@haht WewplEH theoFarefet thamtf siclBRYs thieagditag of NS Ao ifdro _
consideration, is to be provided for the further tracking sensor. Flight

pafh d¥Picady Baing selected aladberntavael mesheAeWhenHbe teagetheayrsansedd

speci fi; id i Lth Lo 0f; i LQn. mreans.
The sdl EERhY by Br@TRtlq Lendort YCAGERAER chidke BHEiny AT LeiEleh i
parti dwolravitlyinea gate aich isodikplayledunc ther moHitrjedmEotargat wioetd appeat so be
nobi | e, apon barrels of guns.and/or. the correspondi hg .servos, af.e

T equETAS Y CORLPE et rR e HoR RS g artupt Hobf matE avordficRRnt R e ext

t he weapeapdiardd Bight foiatle apiioh & ethdregncath sendREerdrpststpe@Snygadimis, Foki ch
are to hit the target, fre uentlggln fragnents. The 35 data nust take the

r éPat it\V@nﬁj’Bkﬁsiqer‘ in ffh%s ®f e datd Uﬁ%ﬁ‘h@f‘ﬂ@@@%@%ﬁ%%@' into
consi i i i f or med
PO cARElAInEYaraR §aPUEBABteile nafale kFbRe| Sikalle sterReREl 1 0 TP0,

t he bahkekssi dp asfdititre, iprivpisot id e nohed thatrdiedeariicutar datapsyr of cadrae, 5 In an

especi i e h nsaor.,. al so be

i mpl errag# ﬁgﬁggﬁhgﬁﬁ'ﬁ#gﬁ%ﬂbar%ﬂg%é({]glrage?élﬁﬂggrﬁﬁﬁ |r8§8’é{ nﬁ&esj?ust one,
but ratheet imfibtrhglien trstogetrsideagiohar get i nformation, which relates to
different targets, is then analyzed with the aid of the cal cul ati on neans,
wiPch has a specific intelligence for this purpose, and provided for

di ff ergid ativastelges axBNSRIdSusiAg the drésémtithCahtibflart Resérdak) BY FSIRIFOSrs to
have filter neans, and it is a special advantage of the present invention
t hat <QIERPETAtPERE theyrasking sersort AKFhpelher PEIfGHN PatHalderarchnt o
Cons'qﬁB@Eh&ﬂts%ﬁrhﬁt@F@%EhﬁﬁahEsbﬁﬁﬁpﬁﬁﬂb tFa%h@ﬁ %EQH9§¥ ett ar get
tracking systemis inplenented so that time delays caused by “the system
ari se agaars loe thevesioniter loddhé $raakin @ semsard readsoresy tat nootarget dppeaisy s caused

by, sUC i RN V., e e jons while
D207 e B, 4 s ahe Bt BN JRRT (hE CREIRL bR AL RDRO"D

per f oramedllf the tagkt ishie thearkkiggsseser b2btmorEvwbEthe ednget Facbhereddet ai | s
and advant ages of , the present {nvention are ribed in the follow ng on
fhe piTrPSRR3bit e B SR EsphRHE Abs SRt AEPEREF BReb s Bretr owi no. 35
Fi gur erebchbotse aragRhieyepace, itheupddiand eensdr #cth] With ther gatoftthackitegnsyst em
accordkﬁg to the present invention, which also illustrates the execution of

R p Pyl H B n
the neEiHBERla8e 8y HoRY Fdt 1Re '@ derieted ORI PEIET ANNOIGNAT Furlereeishows a
$@80N G| IRf"Yhe tFRHA P BefIH BE) AERIHN B! Be BliReR R38R al d/@R.thk0 Whi ch
auxiliary systens are coupled. In Figure 1, a target 2, ving in an
ai r spasspected gt path defoneethEstangetardasbgsitba trskimhepaea.gén apyheaseal r eady
fl own r . I i f,. r | at| ed on the
traok e etRub dr R tdradels Sfiarf 8hSule P ins pefity ARRORLRISCHSR  ghe pacn
6, shawangetsi Mige apdodtioednby nieercfore tan@etraleioh waatlgefbrwhelreridhef ghal of a

target_tracking syste 0 cording to 5 the present invention. The target
{1 acki N SPEPahaR. nag this SR ApPeBie® duinetpeL Rh e SERRLP 4 order
calpcul @t s eR@Asy Mpticang/rhaA0SINY 85 b0tbrABaES VL Eack tBe $RRIGHg SBASGT 042
covers a broad search space, whose delimtation is not shown. The tracking
sensorthestagadler Evan eftecong Blhad etarget Yacking, seatergelendieh M8y ch has a
searc i t J t , rc ch space
B i A R R S S e e U

i nt er viapsdl@Ebmbvdtiedhirdennaiesbasignifcabdy coast eaid|yainénwhitbkhedrypespond to a
first and/ search clogck rate of 2n/~T1, which_ al so dqges not have to be
const AR o8 & IEE Path Hate cBhES a5 Pravigsd i G AL EnE Joi TRt oGk SFSt o f rom

t hg seai@lorseBse clbék rate.a di stance d. The vectorial distance d of the
tracki ng sensor 14 fromthe search sensor 12, and therefore also the

rel ative position of the tracking sensor 14 to the search sensor 12, are
known. The search sensor 12 is al so,assigned a 20 visualization unit 22 and
the tracking sensor 14 is assigned a visualization unit 24. The cal cul ation
means 16 include a first calculation unit 16.1, which assigned to the
search sensor 12, and a second tracking unit 16.2, which is assigned to the

~r- a1 o -



The transm ssion neans 18 are used for transm ssion of data within the
system in particular between the search sensor 12, the calculation units
16.1, 16.2 of the calculation nmeans 16, and the tracking sensor 14. The
-transm ssi on neans 30 may include transm ssion units connected by wire
and/or wireless transmssion units. It is also to be noted that the dashed
| i nes between the search sensor 12 and the track 4 and between the tracking
sensorFarflamiess v o effigiantprarforsnayeef theenagelsweshody ibis peleneeesgery 2, whil e
t he dof - ' . j : : the flight path
6 synb |rﬁ§§%%%éé%§rgﬁ?€rﬁ%ﬁ§?ﬁ }tgbﬁc#beﬁg%ég@h@qg%@e'rdﬁleé\tic;%f%%ér}gpoI | ed tracking
sensorcHaacteridigstaragacifiosegriebsaharacteaistich sditored T, ortdhensthar ciTigehaer 12
had | ocated the tahgetH% at a |l ocation ﬁé 5 Subse uentu%, thﬁotarget 2 was
| oéat ddheardvantageithst differept sgpsors, frpm (lifgiantgea 2ASLYDSy 10N nst ant T4,
I'n | ”Sé%ﬁl-@’arteh?satb‘?é Q@éet%e!'%yl@éﬁﬁg%up%% b RONFFRRHEY B&fhg 8éndop- Tar get
informationh I's and/or was determ ned by search sensor 12 in €ach of the

i nst ant@Mpoesite, ABoughiwhichrthetvalug of each senesstart¢anbsting seidebes, or nore

preci sely interpol . r 4.  Fr j. [ ji.on 10
establ'ﬁgﬁeeac?fést h@rﬂgi% ESP%%'?g%%ﬁggﬁgagf@uéx rcéggf};ﬁéqﬁceg'@gsg%g& 'Fi ght path
6 and/feeqpeony denfddrghits pdtaliredally seexidtirc waeponidyssemnbj shexpetti@dnéy i ght path
6 in the regi pn be en Z5 and . _The extrapol ation of the flight path 6

" 4 Oper Fgy it el ah By aivet 58 BRe s U th 8eadl SebARe. cor r esponding F1i ght
path data is transmtted to and/or provided for the tracking sensor 14 with
the aid of the transm ssion nmeans 18. The extrapol ation of the flight path
6 may beppdidudedbessiang) sRBS@agRd tAg tmeking sen®rimgy haviengnedialcal cul ati on
unit 1 el I i t j | ation
roans "H508S /G cpyEf BheBBalaRobiRr SERLAP NS ardl sthicr acerplt] radir

t r ansna larger abnge @nacusualtyealghiabhe te segual a booader srguiehsphozk rate 2n/ ~T1;
th@ transm ssion nmeans 18 are loaded less in this way than with a

transm ssion of data at a second clock rate 2n/~T2, which is higher than

t he self edrtainoedsasatitemaly/ bd hdvahtasieiotb tbheol/ldeghiseprdthsetadon viish geamihded f or
the 25 tracki ng sensor 14_pjcco ding to é_h,e,@g_r esent invention. The higher
clock FRIOTHHTeIPYRAsHEIRE ditferahcapaalitiern NGAPRIFT SN NS Na¥t i on of
the tifp didireprabeFEEpohBibldfor diffdpértaid el S8 ¢ibdekithieh honlbelead i 0 of
the time intervals ~T1/~T2 is four; this ratio of the tine intervals and

t her ef @y&rlameasity i oivdreyemaytbo regrarsdle fecike azds searehispase bt et t o make
t dr gang i ; ; f the
R o e e S T S GRS
and t heonditibaatin Tide sphee hatyeen Zensavand targedy buhglsor diffeZent propeatiedl y t o
Z6, it et e € . t roxi,yately at Za and Zb and Zc at
the i ngﬁigjhet gar%g?, W‘ﬁ&al(rél%%g?é'ﬁgg%gc(%%g%ﬁ@g rgé‘”ghe transition phase begins
in the instant T5; the target 2 has reached a tracking space 15 which may

be covgred b thera%{racki ng sensoca 14, but maé not %{et be sensed and/ or

det ect BEWF e 3 PLEKISTHSCRFUTENES 2RA 6P GFBSOT £ &N IRPGEST BERSYor the

t racki Egeféwpranlmm%é}%oapbe@ormuéméra loRCHEEp e L6 sighardisyd §or it to
5 track the target 2 autononously. There are nunerous reasons that the

t ar get UREKEE $RISOENEVTEXAMA®y not detect the target 2, although it is
undoubtedly in the tracking space 15; for exanple, the target 2 nay be too

small or may be covered by an obstruction, illustrated 10 nerely for
exenpl @hg tpaakpogs esnsor iBipeferablyasnplegteniddGo thattihis dinggitle @t thetergsiteri ¢

T4, oS PIERb [ aRERRhy I LR, sfr e BT PRI P AR R R

paith dpbesibiyr évh Irheettbadet sirn yhdsehacpatdiwtgch onéy®eptedsettbyi theent i on,

it being ainmed by its aimng neans at the particular |ocation at which the
t ar get UrACK®I) 3L ected to be located. In this way, the tracking sensor 14
is capable of tracking the target 2 "blindly" to a certain degree. At the
instants Ta and Th, the tracking sensor is pointed at points Za and Zb,

r especthedracking nedrshof the trackieg s_erisgr|nm@\ag@dmL&eml¢@t@¢anm@amaget 2 is

covere | . visibl tr el 14. At

i nst angu%mgpﬁéa%ﬁg%& gp‘?g'lazsﬂ(n%ols néS%f'c ﬁﬁé%{]hgseecqsgﬁ%w@'%oﬁ%ﬁﬁénger fornms
am Ppbstrdred Gothefneentichiy anackiangabeaseadidnaytouResbahges 2. The
transition phase, in which the target 2 was externally controlled, is ended
as soon as the target 2 has reached the location Z* at tinme T*. The target
2 may now be detected by the detectigon neans of the tracking sensor 14 and
the tracking neans track the tracking sensor 14 on the target 2, in other
words, the 25 tracking sensor 14 now tracks the target 2 autononously. At
instant T*, the target 2, or nore precisely an image 2' of the target 2, in

oy, .



35 network. If the tracking sensor 14 was not tracked on the target 2 from
instant 10 T* onward, the image 2' of the target 2 would travel along the
image 6' of the flight path 6, as is also shown in Figure 1. It would also
-be possible to overlay inmaginary inmages of the target 2 and/or target

mar ks, m\értmﬁettbﬁ%qﬁee%tbh%tﬁ:c&gat.nb%@térﬁruc?e‘é ot édteettwe%tawana&ort be
instant T5 and the expected |locatidons Za 5 and Zb of the target 2 at the

i nst anthe dtirendathinghsamsesr, such target nmarks Y5, Ya and Yb woul d not be
i mges 2' and/or inmaging of the target 2, but rather a fiction. The
visualization unit 22 of the search sensor 12 shows the track 4 of the past

10 andrid@oexpertrddfis egpécipi Bubable ihh@skeangeihieh tit gricRing séosgs ig second
target tracking stem 10 according to the present invention, having a

sedr chPedteped fea¥ iaHy éﬁppgatﬁﬁmr@rt@ﬁt%@%rseﬂﬁ@n MKt peE EoWsee it AHNYHT ng

t ar get r e cond 15
Bl A R U S L D o Lt U R o e

104, resdqpiivoa poesitipn Must daliodludeddn thaicalddationsin this eaeat étjeditmnttme pur pose

Che't o Beeoone et P i n 3RladSor ey e G e s 8 obs Thg, O ™

t r acki fgarztnseisotd fay forinhebponhenes seeonmléariged catlyenatmed eytamgst 2 may
be assi%ned to_ both tracklnggZO sensors 14, 114, The target tracking system

10 %haswhile tEREKIRG SRNEQTStMEYJArBoAPPRRENSi & M ontep] ﬂ?ﬁ’t%rorc\étﬁém"atl on
uni t 1ddiérs WRLEAPGhSABHOREdwhRtH B frdbbbRtly WiRGidag sensor 114. The
tracki ng sensor 14 has ‘a tracking region 15 and the tracking sensor 114 has
a tracking region 115, which partially overlap. Two auxiliary systens 30,

cor reshindrRa ik ATRBL S ARG hoy e dnRbed i BRBRI Bite.

sensorsddréhvhaac® foruestaatisingribanmarii28lar Teataexpdditorys.syst ens are general |y
mg pon carriers, whose weapons and/or projectiles P are to conbat the
gets 2, 102. It may al so be said that the tracking sensors 14 and 114,

t oget hpidividu| tAleLlatRFSOSikahesly A thaENcB)RIRNhedPs ndtedsutyig0, 131, 30
respectively, formtwy weapon systens 1 and 100, respectively. The

f ol | owFoRY§sAION Wftht%f‘?j'é%'@ﬂl tﬁ‘@l"@ﬁth%d s PHENiGe ARty ua'twmw assiEGfet hod
and sygd sma?&géé&hdeéreotSanefthteft@aaz.ﬁg%@hsbpveéwemydeo%%'thectéapcﬂ egard to
Figure 1 also applying to Figure 2. The target 2 was asslgned to
the treeidonrEHyDIrathingneeises, a@@étﬁ@wemly 3lsa@rixigre sustemssueh @he i nst ant
T in (0] o ng sensor 14 tracks
(R ¢ arsapobs B D Rl B e el e e P T ar gat 2
may be sensed by tracking sensor 14 at Z* and is therefore 5 al so

aut ononousl t rackapl an |nsta tar et has re ched t he
ocar LIPS, AR Re Fardde PRUURS ST Ren] fiasidHiy bRedEarh B8R4SR Mot o an
T8, thehdravgettratiivd kehsore Ifeiaﬂhﬂﬁiertﬁ?reclklﬁgade!nebr Bin d taie‘f@femeetamlves P
i nt ended f.or conbatlng?the tar re fired at instant P7 on e basis of

a typi BaFiticR4Q 1051SA |‘58H5°rnHt ”a‘ihet St IRATDAERTOT YR (THIREF f%@ % he

| opat | eatrPéatéMmehttEﬁet angetffekan? r@l@ﬁ%‘ rzﬁcetttort BELHY Airesd trsgktﬁgat i nst ant
T8. The flight path 6 therefore ends at . The second target 102 was

assi gneensaw inkecengdriatipsdnsenelnravided trasheducihed tratking 8eRsaTg space 115
in the instant T105; in a transition phase up to instant 15 T**, the
tracki ng sensor 114 tracks the second target 102 in an externally

cont r oFlight patth ddnai ovdfurivesr dartiai etsseheabmd‘r&jmahgétma_wbertmynsbelts@tsed by

tracking senspr, 14 and.is there u ononpus. trackabl e... The second
tar got SHeaM PN, nein AR Y A oG dns S8 BF RETTRYTedudh At TrRe
pryyj echiukiiarpbysétioen avay,| foRlexamysé e@ am@apdrsslcaﬁtee phitghtlamahgkd6r ends  at

Z108. 12 Patent C aims What is claimed is: 1. A nethod of tracking a
t ar get "YKEt ABNRAGIEN nlhh WeRPEp £EET eWAEYe RO bean@@a?chweaa% bagrede8f ched with

the ai angd?SﬁfH@céﬁgéﬁéné Etﬁ)setrbs”é'rlet fr@ggeﬁgi%gﬁltr'ﬁﬂeﬁl it Bhe & d)B rate

(2n/~T arget 1 nfornmat el ng est s way
descri beskingt $msk>r§4)1nfthm/\mrﬂtext theugeaiyn cherigrarfetproRctiles, eatscexpect ed

flight i s extrapol ated t e.aid of calc | ati,on nmea 6) from
he t ar SRt et Rietonab AR drelts Pir shE sk Sesn et LB MEREE Fiigl

path dabes mMtitchkeere rekewet fissitxp ot tied widdpaht caraibh td Bhe tictkpiPyésiag for a
tracki ng sensor ( 14), which covers a 15 tracking space (15),

6



- the flight path data, which describes the extrapol ated expected flight
path (8), is transnitted to the tracking sensor (14) with the aid of
transm ssion nmeans (18) at a second clock rate (2n/~T2), which is higher
than the first clock rate (2n/~T1), and 20 when the target (2) reaches the
tracki pfo So%%%ie(ra%)w for tﬁn'%epdrbé%' &8 %qegerca(clcﬁat.m nildask Bérfhhﬁe@ﬁ‘eﬁ(?t ed

flight path(6) wth the aid ai mng neans on the basis of
transncomhrdIIMg@tﬂwsaphnMegl Wﬂ'ndépbai@érﬁhleyﬂlght brbadier ecdabi tﬁ\ey of the

t ar get tected with the aid of detection nmeans as
soon aggé')ét'lc? Otf§ﬁ€1 8&(“;154 ”69/ CpﬁgldteF%té% Ny PEE %Lﬁ?r(M), and - the tracking
sensor ( 14) is tracked on the target autononously with the aid of tracking

means. 2. The nmethod according to Claim1l1l, 30 wherein the search sensor
(1D ahd ahesrackl v AgvaEAgepU$ emoqﬁ\ﬁ@tqu 8RR SCHRPEMBhalIsAR®ri sti cs.

3. The; rﬂBFerﬁqgnﬁgcgglwélglttrﬂayg’%Etéyllsﬁl H‘if(%r‘?ngmor‘(‘/%ﬁ@tﬁ\fél@one “hdehe

t racki ng” sensor IS positione sp y separated fromt'he search

sensorrathlaZ)mumpdie katcgmhsré]h&ttavgebmébrtmatIomehm seatresHosdiffeoent( 12), and -

t he cal cul t|o of th athdt IS r f.or med_ whi king the 5

known I; e P 8§|elr]ai¥FeéJf %ﬁ? SEL] ntg s%aﬁ‘gLﬁPt'?'iﬂe?%s't%@C& ch sensor

(12) i Bp@clﬂ@nﬁuedeje&tdem@r this plr@ose} bed precied fog differene tefckih@amsdkst 0 3,

vvherel n processing of data is perfornmed at |east partially by a calculation

10!Qnit (16.1) assigned to the search sensor (12) or by a cal cul ation unit

(16. 2) 10fs {peARbLUALIRRIMPASA S8 RSl URGInkAntNEnd ik Bgegansor (14).

. The net according toone of Cains 4, wherein the relative

p03| t i edvantadgeeof trm:merra@ngem\santhnlmattswchrfdt@'éanah bespresas sakingapei s

det er n i,t.h means whi ch are assigned to the search

senso%{bﬁg)ggathaqé ?%Ré'fjragag :Hr]lg sensor (14). 6. The method according to

one of Clains 1 to 5 wherein 20 - further flight path data for a further

r acki sensor . (.114 ted wt cul t| on ans
(B IR g SR e b Tty Re e o 8 FafioRe v ae Bas e rDRD

tr acki gg thansigie difed)ks addskdtiiettd syaNtnt BAsé Mans RS hevelatisod %5 7. The

met hod according to one of Clains 1 to 6, wherein the flight path data or

data biBelereaNtese N PEIRT t9aR YOIl ATEOTSCAYSEAS FYEtinee dRleaGxitiiFary system
(30, 3%dvé§@b§e%§l%)to%ér?ortnt?%@'cgIcQJfIat%}@W'H'iIE%kFN@; @%ame(&’e‘ia 47%b 30 8. The

met hod accor to one of Cains 7, wherein - search space is
sear chédn$ldﬁraatl®'ec5tmth€ttaa gempeneayiomiis hetfﬁémgdctooﬁfa@lhé’\@;é@rckfﬂ%m (12)
angl, i n cond target information is established, which describes a
se%ondﬁ&ac&%%&ﬁ fl owmn through 3~ by the second target, 14

Further details and advantages of the present invention are described in the

following on the basis of an exemplary embodiment and with reference to the

drawing.
25
Figure 1 shows a schematic illustration of a first target tracking system
according to the present invention, which also illustrates the
execution of the method according to the present invention; and
30 Figure 2 shows a second target tracking system according to the present

invention, to which auxiliary systems are coupled.

In Figure 1, a target 2, moving in an airspace, is shown at a time T5 at a location

Z5. The target 2 has already flown through a track 4. On the basis of an



expected flight path data (106), for use by at |east one tracking sensor
(114) and at |east one auxiliary system (130, 131), is provided with the
aid of the calculation neans (16). 5 9. The method according to one of
-Claims 1 to 8, wherein filter nmeans of the tracking sensor (14) are preset

whi | e éﬁ'ﬁé;?&aheﬁ Sals'eamn pad brdata it Wl% Qﬁ@&éb%éﬁgﬂfﬁrgé% Aenyel RAg

accordin o one of dains 1 to Y, ereint ath data Is

cal cuI@m@dﬂl@ht lpeth &kishgwni usinded agftstecidin@ed by the systeminto
consideration. 11. A target tracking system (10) for tracking a target (2)
noving in an airspace, 15 - having a search sensor (12), which is designed

for thehousrese rftracasd Rithothe @@adsfté]t@@@@eradmwbvstehe1pmemmgltag a
first clock rate (2n/~T1 and - having a tracking sensor (14), which is

desi gride msevﬁéﬂ\fﬁntme)rbc t@?%kﬁrﬁ@('ﬁﬁéyﬁ%ﬁ*@é@ loqe) aiseaECh PaRIA Nt shace
(15), gcm r&i Hia SERURLGEARYNS(18) aftfSrarsnlibdish nQ%Sr%CiBO“rHFa”S whi ch

are inplemented or t he pur pose of det'ecting target rmat1 on, which
descr i s ch genack 1@4overoarbrobdaegincihgpabe whogeteljr@)tatidoris mpt sholweast sone

of th ass the tar t track stem (10) has: 25 - cal cul ati on neans
(16, ?EIQ %af%irt‘% SEWiic ﬁpﬁersn%:t@%'éﬁfgeﬁp?%}?he purpose of extrapol ating an
expected flight path (6) of the target (2) and calculating flight path data
whi ch descri bes the expected flight path (6) fromthe target information

and - thassHdsses s‘”*@'i@)has\/ﬁﬁﬁﬁr%‘r @wdamnenshitcBdotahest AehgurTBE’Rt of 30
transmddd %a?&héseél%altcl?lesr?@e@n%mt%l@'dﬂﬁséé‘gnaf’d&%ttaﬂ&%é)r\ﬁﬁkh%lIé\Q the

cal cul ation neans (16, ['east the flight path data which
descri®ee amélwx@trtam l@t@rd'afﬂ A@ht V\f;bmfhdpmqtr’feamrt@cw agnsiensopng wivgh i n

order 87 BUAR D! b S RGO AT SERSRle ) 2,
(2n/ ~THave amdeldonstant.
15
The tracking sensor 14 is positioned spatially separate from the search sensor
12, at a distance d. The vectorial distance d of the tracking sensor 14 from the
search sensor 12, and therefore also the relative position of the tracking sensor
14 to the search sensor 12, are known. The search sensor 12 is also assigned a
20  visualization unit 22 and the tracking sensor 14 is assighed a visualization unit
24.

The calculation means 16 include a first calculation unit 16.1, which assigned to
the search sensor 12, and a second tracking unit 16.2, which is assigned to the

25  tracking sensor 14.

The transmission means 18 are used for transmission of data within the system,

in particular between the search sensor 12, the calculation units 16.1, 16.2 of

the calculation means 16, and the tracking sensor 14. The transmission means
30  may include transmission units connected by wire and/or wireless transmission

units.

It is also to be noted that the dashed lines between the search sensor 12 and the
track 4 and between the tracking sensor 14 and the flight path 6 symbolize

35 sensing of the target 2, while the dot-dashed lines between the tracking sensor



the tracking sensor (12) has: - aimng neans, which are inplenented for the
‘purpose of aimng the tracking sensor (12) at the expected flight path (6)
on the basis of the flight path data provi ded and i ndependently of the

-detectability 5 of the target (2), - second detection nmeans, which are
i pl eneateg tfh%rﬂ.gh%pla% lé%ﬁn%hi’@&?&bbﬂ%dl@ﬁaﬁ@ﬁr%ht 6?)ché‘§x§é}%ll‘§'i‘5 it has
reach the tracking space (15) and is detectabl®, - tracki ng neans,

whi ch eorgroligs Hmhtf@dsénﬂortwelrpthmb’gesrﬁfort pla@sd. ng 10 the tracki ng sensor
(12) on the detected target (2) autononously as soon as it is detected by
t he detection neans. 12. The target tracking system (10) according to Claim

11, Whef ghnnitaat SEarRE seancPEeddot) 1 2Rddtibeatietiatil taggstenera lotdliohae
different 15 search characteristics. 13. The tar([;)et tracki ng system (10)

accor dPHBSEQ BN 6N CPEIHs2 yestl§cated ghéRdninstRet deart K S Ensstatis, has a
SearChar_%E%“c%tﬂ instd it V'Iﬂgnﬁa%qaggw rté@é% haRchhsy tafsaflt‘éé“tﬂ/i sensor (14).

20 14. e target tracking system accor ing to ore aims 11 to 13,
wher ei desdrbesie at cAb.séasgat i0fdrp)athers laalséfaum/haﬁdat@rmleedm sxearalvisragsar search

space l.ch ader tha the k|n 5 t h ki.ng_ sensor

(ay e 58 etk o BBt 2t 5L B gt s bt GRS e 20

to 14, ow\hﬁfrélp”reth@mm&éﬁ}dblmm@me tﬂa%k 41a$rmml ﬁHepﬂa&?géBHffchnEﬂth 16. The

target tracki system (10) according to one 30 wherein
et hiic!

t hd seasteR!i Je(GSUIREEN IhepRadd SiEARAaLs tho"‘eﬁé%@de?%g%@at?‘a@get
t racki 894 f#S3re N del filgnd ¢aeh Hakd wicR MR sefib&d amg%x%écﬁéa ARt \Maeh & i dhae

detection neans of the search sensor (12) are inplenented for the purpose
of detergiondpetweeaddd andidée target (2) in the space fromthe 35 target
i nformation. 16

The extrapolation of the flight path 6 is performed by the calculation means 16,
15 and the corresponding flight path data is transmitted to and/or provided for the

tracking sensor 14 with the aid of the transmission means 18.

The extrapolation of the flight path 6 may be performed using the calculation
unit 16.1 or using the calculation unit 16.2; if the flight path 6 is extrapolated
20  first by the calculation means 16.2, the data transmitted by the transmission
means 18 are transmitted at a clock rate which is equal to the search clock rate
2n/AT1; the transmission means 18 are loaded less in this way than with a
transmission of data at a second clock rate 2n/AT2, which is higher than the
search clock rate 2n/AT1, at which the flight path data is provided for the

25 tracking sensor 14 according to the present invention.

The higher clock rate corresponds to a time interval AT2, which is only a fraction
of the time interval AT1. In the illustration shown in Figure 1, the ratio of the
time intervals AT1/AT2 is four; this ratio of the time intervals and therefore the

30 inverse ratio of the clock rates is only selected to make the drawing clear.

The flight path 6 shows the expected movement of the target after the instant
T5. In the time interval between the instant T5 and the instant T6, the target 2
travels, starting from Z5, presumably to Z6, it able to be expected at least

35 approximately at Za and Zb and Zc at the instants Ta, Tb, and Tc, respectively.



18. The target tracking system (10) according to one of Clains 11 to 17,
‘Wherein the tracking sensor (14) is an infrared sensor, preferably an FLIR
sensor. 5 19. The target tracking system (10) according to one of Clainms 11
.to 18, wherein the tracking sensor (14) is inplenmented in such a way that

|t ”aylei?é 5?&%@'& @PF%&%‘ 'egﬁ’r%é i e ﬁw@&:r&xﬁﬁcﬁr%dtafrbégﬁtma‘%aﬁe%cﬁéb ab%am‘i‘ugai m ng

means, 1 ndependen he automafic det'ection”o e target | 20.
The t asppate 15 adkcmgnay deernviet &Y byctiber ttaagngseoser ¢f, Gubinmay hot yet &e,

wherei n the tracki neans for  autononmous tyackin f the tracki. ensor
(14  aferotiist it e B e R P BROPE of e TheFe ks s bPBSTRRBEk: g
sensortHelhhckibg sehsofher tabgeiutbh@sloiuBly Srskedoh 18)gacz ahdy figfdrat eme of
Clainms 11 to 20, wherein the tracking sensor (14) is not fixed. 22. The

t afget treEKERE ABra8kst @ IN@YOHEYer ding to one of Clains 11 to 21, 20 wherein
- the tracking sensor ( 14) is positioned spatially separate fromthe
search sensor (12) and in a known relative position to the search sensor
(12), Enere atcheuowrous acasmaneaithe 16)getrteackipg seasted4 fay oe deveqiose of

25 calgulating the flight.path data while taking the relative position into
cons: daitarare 2p3thohat hig Bbde deinnt tbBbk oty aion el ke of

d ai mstHEltdrge?2, meh&ieetdb bhilis@amel 5Leasvsredln) aprbseructiBn, {inaekdteg sensor
(14) have 30 search neans for establishing the relative position of the

t ridcki Mgrebosexenlans PURROSRSINCHILENd 615 § £DUd G40T HMeliglF gBt tracking
syst emy{rhQ3pRGFOESH dMBohS MAE et pek@itEheltarh8t 230 Pe sensed by the tracking

sensor 14. The tracking sensor 14 is externally controlled by using the flight
path data during the transition phase according to the present invention, it being
aimed by its aiming means at the particular location at which the target 2 is

15 expected to be located. In this way, the tracking sensor 14 is capable of tracking
the target 2 "blindly" to a certain degree. At the instants Ta and Tb, the tracking
sensor is pointed at points Za and Zb, respectively, at which the target 2 is
located, although the target 2 is covered by the cloud C and is not visible to the
tracking sensor 14. At instant Tc, the target 2 is at point Zc and the cloud C no

20 longer forms an obstruction between the tracking sensor 14 and the target 2.
The transition phase, 1n which the target 2 was externally controlled, is ended as
soon as the target 2 has reached the location Z* at time T*. The target 2 may
now be detected by the detection means of the tracking sensor 14 and the
tracking means track the tracking sensor 14 on the target 2, in other words, the

25  tracking sensor 14 now tracks the target 2 autonomously.

At instant T*, the target 2, or more precisely an image 2' of the target 2, in a
target point which is formed by the origin of a coordinate network, appears on
the visualization unit 24 of the tracking sensor 14; however, it is assumed in this
30 case that the track actually flown through by the target 2 after the instant T5
corresponds with the extrapolated flight path, and the method runs ideally
overall or that possible errors are compensated for. If the tracking of the
tracking sensor 14 runs ideally from the instant T* onward, the image 2' of the
target 2 always remains in the target point and/or in the origin of the coordinate

35 network. If the tracking sensor 14 was not tracked on the target 2 from instant

10



wherein at |east a part of the calculation i~neans (16) forma cal cul ation
unit (16,1, 16.2) assigned to the search sensor (12) or to the tracking
sensor (14). 5 25. The target tracking system (10) according to one of
‘Clainms 11 to 24, wherein - the calculation neans (16) are inplenented for

the p“”fp‘?ﬁﬁvcﬁ% ‘Eﬁé%‘\'agfei ?%ff%rk%tﬁgﬁ%eﬁlgimlﬂﬁﬁéﬁl%%ﬁgsfcl‘?é wﬁta é%a%? tHQe

further tracki hg sens 114 e trans si on ans
i mpl enBighégbattbro, tdweismlspebewor int Fignsarilt tltrvgoulbeal$abehmrssitle gotovpahaly data to

hecor AEs g JEsGRe o HRdordet s ag o s AL RS Wb AR o (. 14,
114) i gedusdesceRmERictahbabrg@anst (RS inskafi Tsvszéﬁd:hqealek@étttefja@@dﬂ&% pg of
the flight path data to at |east one auxiliary system (30, 31; 130, 131), -

t hé r ePAE .Zﬁeow@e iar@ﬁt &f at e wstanissha aneé TAuhawensy, syeh é@ﬁg(ewna@f Y330,
131) to.t SERY fnkk
knozlvn Qa %ﬁd the?)ct:ll fg{e”m rréginsatnﬁgg {rﬁggfnggmsﬂézggéﬂt g P %Ebfaé)rpag(ralpgge

of cal ﬁcﬂuam.l ng fli ght path data for analysis by the at | east one auxiliary
system (30, 31; 130, 131). 25 27. The target tracking system (10) according
to Caim26, wherein the auxiliary system (30, 31; 130, 131) has at | east

one, prRéeaial]iizatioRidit pRaGTOReCRArLIREehsdel 2 sBBWstihearACWadf thauhsher .
The target tracking system(10) according to one of Clains 11 to 27, 30

whid ei aNdBe SodeckEd BikBPath £ of the F0ekent ed for the purpose of searching
its search space for a second target (102) and establishing second target

i nformation. 29. The target tracking system (10) according to one of C ains
11 to P®ure® shows a second target tracking system 10 according to the present

invention, having a search sensor 12, which is implemented for the purpose of
establishing target information not only from the target 2 but also from a second

15 target 102. The targets 2 and 102 are illustrated on their tracks 4 and 104,
respectively. The calculation unit 16.1 is implemented for the purpose of
assigning the targets 2 and 102 for further tracking, the unit assigning the target
2 to the tracking sensor 14 and the target 102 to a further tracking sensor 114.
If there is no second target, the single target 2 may be assigned to both tracking

20 sensors 14, 114. The target tracking system 10 has, in addition to the
calculation unit 16.2, a further calculation unit 116.2, which is assigned to the
further tracking sensor 114. The tracking sensor 14 has a tracking region 15 and
the tracking sensor 114 has a tracking region 115, which partially overlap. Two
auxiliary systems 30, 31 are coupled via communication means 28 to the

25  tracking sensor 14, correspondingly, auxiliary systems 130, 131 are coupled to
the tracking sensor 114 via communication means 128. The auxiliary systems
are generally weapon carriers, whose weapons and/or projectiles P are to combat
the targets 2, 102. It may also be said that the tracking sensors 14 and 114,
together with their associated auxiliary systems 30, 31 and 130, 131,

30 respectively, form two weapon systems 1 and 100, respectively.

The following part of the description is simplified and a summary, the method
and system-specific details of the present invention described in regard to Figure
1 also applying to Figure 2.
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wherein the tracking sensor (14} has filter neans, which may be preset
while taking the flight path data into consideration. 30. The target
tracki ng system (10) according to one of Clains 11 to 29, 5 wherein the
-calculation unit (16) is inplenented for the purpose of including tine
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wherein

~ a search space is searched with the aid of a search sensor (12) in
multiple passes in a first clock rate (2n/AT1) and target information
being established in this way which describes a track (4) flown

10 through by the target (2),

- an expected flight path (6) is extrapolated with the aid of calculation
means (16) from the target information established from at least
two passes, and flight path data, which describes the expected flight
path (8), is provided for a tracking sensor (14), which covers a

15 tracking space (15),

- the flight path data, which describes the extrapolated expected
flight path (8), is transmitted to the tracking sensor (14) with the
aid of transmission means (18) at a second clock rate (2n/AT2),
which is higher than the first clock rate (2n/AT1), and

20 when the target (2) reaches the tracking space (15),

- the tracking sensor (14) is aimed at the expected flight path (6)
with the aid of aiming means on the basis of the transmitted flight
path data, independently of the detectability of the target (2),

- the target (2) is detected with the aid of detection means as soon as

25 it is detectable by the tracking sensor (14), and
- the tracking sensor (14) is tracked on the target autonomously with

the aid of tracking means.
2. The method according to Claim 1,
30 wherein the search sensor (12) and the tracking sensor (14) have different
search characteristics.
3. The method according to one of Claims 1 to 2,

wherein
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5.
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6.
20
25 7.
30 8.
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sensor (12) into consideration.

The method according to one of Claims 1 to 3,
wherein processing of data is performed at least partially by a calculation
unit (16.1) assigned to the search sensor (12) or by a calculation unit

(16.2) of the calculation means (16) assigned to the tracking sensor (14).

The method according to one of Claims 1 to 4,
wherein the relative position of the tracking sensor (14) to the search
sensor (12) is determined with the aid of search means which are assigned

to the search sensor (12) and/or to the tracking sensor (14).

The method according to one of Claims 1 to 5,

wherein

- further flight path data for a further tracking sensor (114) is
calculated with the aid of the calculation means (16), and

- the further flight path data is transmitted to the further tracking

sensor (114) with the aid of the transmission means.

The method according to one of Claims 1 to 6,
wherein the flight path data or data based on the flight path data Is
transmitted to an auxiliary system (30, 31; 130, 131) with the aid of

communication means (28, 128).

The method according to one of Claims 1 to 7,

wherein

- the search space is searched for a second target (102) with the aid
of the search sensor (12) and in this way second target information
is established, which describes a second track (104) flown through

by the second target,
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10: >10% & (Wnkreirditd hiads b khé lflkéc[k%“‘gjensor (14) are preset while taking
the flight path data into consideration.

10. The method according to one of Claims 1 to 9,
10 wherein the flight path data is calculated while taking time delays caused

by the system into consideration.

11. A target tracking system (10) for tracking a target (2) moving in an
airspace,
15 - having a search sensor (12), which is designed for the purpose of
searching a search space in muitiple passes using a first clock rate
(2n/AT1), and

- having a tracking sensor (14), which is designed for the purpose of

tracking the target (2) in a tracking space (15),
20 wherein the search sensor (12) has:

- first detection means, which are implemented for the purpose of
detecting target information, which describes a track (4) flown
through by the target (2), during at least some of the passes;

the target tracking system (10) has:

25 - calculation means (16, 16.1, 16.2), which are implemented for the
purpose of extrapolating an expected flight path (6) of the target
(2) and calculating flight path data which describes the expected
flight path (6) from the target information and

- transmission means (18), which are implemented for the purpose of

30 transmitting at least the data containing the target information to
the calculation means (16, 16.1, 16.2) and at least the flight path
data which describes the extrapolated flight path to the tracking
sensor (14), in order to provide the flight path data for the tracking
sensor (14) at a second clock rate (2n/AT1), which is higher than
the first clock rate (2n/AT1); and
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10% & () - yUyzyyzBevedigrthe target (2) as soon as it has reach the tracking space

(15) and is detectable, and
- tracking means, which are implemented for the purpose of tracking
10 the tracking sensor (12) on the detected target (2) autonomously as

soon as it is detected by the detection means.

12. The target tracking system (10) according to Claim 11,
wherein the search sensor (12) and the tracking sensor (14) have different

15 search characteristics.

13. The target tracking system (10) according to one of Claims 11 to 12,
wherein the search sensor (12) has a search characteristic having a
greater range than the tracking sensor (14).
20
14. The target tracking system (10) according to one of Claims 11 to 13,
wherein the search sensor (12) has a search characteristic having a search
space which is broader than the tracking space (15) of the tracking sensor
(14).
25
15. The target tracking system (10) according to one of Claims 11 to 14,

wherein the search sensor (12) has multiple search units.

16. The target tracking system (10) according to one of Claims 11 to 15,

30 wherein the search sensor (12) has at least one radar sensor.

17. The target tracking system (10) according to one of Claims 11 to 16,
wherein the detection means of the search sensor (12) are implemented

for the purpose of detecting a track of the target (2) in the space from the

|8
N

target information.
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10% o& () - BwaEXNQHé tra%QMg sensor (14) is an infrared sensor, preferably an FLIR

sensor.

19. The target tracking system (10) according to one of Claims 11 to 18,
wherein the tracking sensor (14) is implemented in such a way that it may
be aimed automatically at the expected flight path (6) by the aiming
means, independently of the automatic detection of the target (2).

10

20. The target tracking system (10) according to one of Claims 11 to 19,
wherein the tracking means for autonomous tracking of the tracking
sensor (14) are implemented for manual and/or automatic tracking of the
tracking sensor (14).

15
21. The target tracking system (10) according to one of Claims 11 to 20,

wherein the tracking sensor (14) is not fixed.

22. The target tracking system (10) according to one of Claims 11 to 21,
20 wherein
- the tracking sensor (14) is positioned spatially separate from the
search sensor (12) and in a known relative position to the search
sensor (12), and
- the calculation means (16) are implemented for the purpose of
25 calculating the flight path data while taking the relative position into

consideration.
23. The target tracking system (10) according to one of Claims 11 to 22,
wherein the search sensor (12) and/or the tracking sensor (14) have
30 search means for establishing the relative position of the tracking sensor

(14) to the search sensor (12).

24. The target tracking system (10) according to one of Claims 11 to 23,
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5 QS The target tracking system (10) according to one of Claims 11 to 24,
wherein
- the calculation means (16) are implemented for the purpose of
calculating further flight path data for at least one further tracking
sensor (114), and
10 - the transmission means are implemented for the purpose of
transmitting the further flight path data to the further tracking

sensor (114).

26. The target tracking system (10) according to one of Claims 11 to 25,
15 wherein the tracking sensor (14, 114) includes communication means (28;
128), which allow transmission of the flight path data to at least one
auxiliary system (30, 31; 130, 131),
- the relative position of the at least one auxiliary system (30, 31,
130, 131) to the search sensor (12) or the tracking sensor (14;
20 114) being known, and
- the calculation means (16) being implemented for the purpose of
calculating flight path data for analysis by the at least one auxiliary
system (30, 31; 130, 131).

25 27. The target tracking system (10) according to Claim 26,
wherein the auxiliary system (30, 31; 130, 131) has at least one,

preferably mobile weapon carrier like a gun or a rocket launcher.
28. The target tracking system (10) according to one of Claims 11 to 27,
30 wherein the search sensor (12) is implemented for the purpose of
searching its search space for a second target (102) and establishing

second target information.

29. The target tracking system (10) according to one of Claims 11 to 28,
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the tracking sensor (14).
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