10 Nov 2006 Cerlikon Contraves AG (K!pat Birchstrasse 155 CH - 8050 égé‘;ﬂmé
Switzerland 5 OC176-SG SINGAPORE 10 METHOD OF TRACKI NG A TARGET Al
TARGET TRACKI NG SYSTEM 15 The present invention relates to a nmethod of

tracking a target according to Caim 1 and a target tragking.sy

according to Claim1l1l. The present invention is particu t
exclusively, inplenented in the 20 context of tracking r tﬂant:h
are to be conbated. Typically h_sens d atra g*se

used for this purpose. The sgﬁr&ﬁ‘%iﬁggir%#ﬁcovers a search space, is

particul arly i nt eBiechétrassaal5puqUse8050szarichi pSwitzeplidh space for a
target |l ocated 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
targget in the past. The target information typically includes further data
about the target, particularly about the type of target. In general, it is
expedi ent to design the search sensor in such a way that it nay be active
usi ng a§*®{2€v§§nge and in a wide angular region, i.e., 30 in a broad search
space, rovide detailed target information. Search sensors

typi cal SINGAPORE using rel atively | ow search clock rates. Extrapol ative
flight path data is then established fromthe data determ ned by the search
sensor, which describes the expected novenent of the target in the future.
Thigg flight path data is essentially used for the purpose of performng a
coarse 35 alignnment of the tracking sensor. The tracking sensor is
frequently designed so 1 10 NOV 2006 that it covers a tracking space which
is nmore restricted than the search space of the search sensor. After taking
over the target fromthe search sensor, the

METHOD OF TRACKING A TARGET AND TARGET TRACKING SYSTEM

15
The present invention relates to a methad of tracking a target according to Claim
1 and a target tracking system according to Claim 11.

The present invention is particularly, but not exclusively, implemented in the

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 frequentiy designed so



tracki ng sensor nmust search for the target again in a starting phasqo%\jﬁﬁﬁ
activity before it may detect the target, align itself to the target, an
track the target. 5 The main di sadvantage of this typical nethod is that the
target is not taken over by the tracking sensor w thout problens. The
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its seantdy spabe indreasad aragedccentable ddse. t ypi cal nethod. In this case, the
search space is searched 35 at a first clock rate and/or search clock rate
in nmultiple search passes. The 2

15 A method and a system for a fire-control system of a manually aimable weapon
are known from U.S. Patent 5,379,676. In this case, a sensor system is
provided, having a radar device and an electro-optical recognition system in the
form of an FLIR camera. This method and this system are relatively complex in

their construction, but the results achieved therewith are still not satisfactory.

20
It is therefore the object of the present invention,
- to suggest an improved method of the type initially cited; and
- to provide a target tracking system for performing this method,
using which the disadvantages of the related art are avoided.

25

This object is achieved according to the present invention
- for the method by the features of Claim 1; and
- for the target tracking system by the features of Claim 11.

30 Preferred refinements of the present invention are defined by the dependent

Claims 2 to 10 and 12 to 30, respectively.

The novel method runs as follows: The search sensor searches its search space
for a target, as in the typical method. In this case, the search space is searched

35 at a first clock rate and/or search ciock rate in multiple search passes. The



10 NOV 2006 search clock rate does not have to be precisely constang R 2006
this purpose. The search sensor determ nes an i nage sequence from eactbuI

viewi ng angle, the tine interval of the images of an i mage sequence being
determ ned by the first clock rate and/ or search clock rate. Digital inmages
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t he tangu_t fromt e beginning once again at 20 this tine, and tracking it
aut ononBUsHgh. | The Frgg \yréﬁori?@ttmﬁumaf/rﬁé:;@ﬁaemlﬂjugt@ﬁgéiﬁta'tﬁo@%owoﬁhqrack t he
sensor | u f I
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control |'&y a[#%ikﬁaﬁ%et% 0§ea}?s&end§93 a(ﬁ %V'flpu% %9%8f Frlu? S%tge%at h, even if

t he1d ar ggbrration dfireukipde kebech pases, bbutpogawwomyhﬁsusgmaedabg/ett he tracking
sensor._ As sogn as the target may be sensed I s detected be( t he tracking
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t Eet Lrealaéiéer'%ﬁl@ﬂ%ﬁschﬁe%H@@q%thQm Det id @ﬁpé&@e kbNGKEGATAE fuﬁﬁer acked
dget autononously ahd/or tracks the 30 target autononous Duri ng
t he traned providehabemughextrapgletiomaylnsteadef takingtdver the target dlrectly, as
in the typical method, searching for the target from the beginning once again at
20  this time, and tracking it autonomously, in the novel method, the tracking sensor
does not track the sensor autonomously, but externally controlled. The external
controt is performed on the basis of the flight path data provided to the tracking
sensor at a second clock rate, which is higher than the first clock rate and/or
search clock rate. During the transition phase, the externally controlled tracking
25 sensor is aimed at the expected flight path, even if the target is in the tracking
space, but may not be sensed by the tracking sensor. As soon as the target may
be sensed, it is detected by the tracking sensor, through which the transition
phase and/or the external control of the tracking sensor is ended. From now on,
the tracking sensor is tracked on the target autonomously and/or tracks the
30 target autonomously. During the transition phase, the target may not be directly
sensed by the tracking sensor, but the tracking sensor nonetheless tracks the
target in a way which may be referred to as “blind”, at least approximately in the
scope of the possible precision, which is determined by extrapolation, among
other things. Searching for the target again, this time by the tracking sensor, is

35 not necessary. In the moment in which it may directly sense the target, the



sensed by the tracking sensor, but the tracking sensor nonethel ess tyh&e%2006
the target in a way which may be referred to as "blind", at |east
approximately in the scope of the possible precision, which is determ ned
by extrapol ation, anong other things. Searching for the target again, this
time by the tracking sensor, is 35 not necessary. In the nonent in which it
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nmovenent s as’ l'ong as nb target ~appears on the nonitor 0 the' trac i'ng
sensor ; alseaguiaed lwattinactalyget inap peaked 200\ dakthdpehapaftiddlamsewehe target is
not yet_in ttéu_g traf.ki ng sEace and/or is too small; the target is in the

t racki nFropRIUOIHAHOPHBLR FRUFIGF YRt arget is covered or not recognizabl e
duej4 o atnospheric absorption. At |atest when the target reaches the
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“target an operator at the tracking sensor must neither perform manual search
movements nor initiate automatic search movements as long as no target
appears on the monitor of the tracking sensor; reasons that no target appears

20  could be as follows: the target is not yet in the tracking space and/or is too
small; the target is in the tracking space, but the view of the target is covered or
not recognizable due to atmospheric absorption. At latest when the target
reaches the tracking space, the tracking sensor acts, with the aid of the external
control, as it would if it was able to detect the target, aithough it is “target-

25  blind”; the tracking sensor may possibly also be aimed at the target and/or the
suspected flight path before the target reaches the tracking space. In any case,
the detection of the target is always ensured if the search sensor has found a
target. The operator may therefore concentrate on waiting for the end of the
transition phase, and thus the appearance of the target on the monitor, in order

30  to subsequently optically/manually or automatically track the tracking sensor on
the target. Even after long “biind” target tracking, the target, which may then
be sensed directly by the tracking sensor, may be rapidly tracked and possibly
rapidly combated, in any case, significantly more rapidly than with the typical
use of the flight path data, which was provided only at the low first clock rate

35 and/or search clock rate.



25 blind"; the tracking sensor nay possibly also be ainmed at the tangRby 2006
and/or the suspected flight path before the target reaches the tracking
space. In any case, the detection of the target is always ensured if the
search sensor has found a target. The operator may therefore concentrate on
waiting for the end of the transition phase, and thus the appearance of the
target on the nonitor, in order 30 to subsequently optically/manually or
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exanpl eincsgasags abhis is égeehialy R@dvestageusupr@serhe tanclkengiseneard §react i ng
sensor it i t f e n f Olce: ting

t ar get Sfr%ﬁ%ﬁégscgg_\ 6%%9:})51:\%"?%@ i%ﬁf%ﬁé\&@é&%@ggﬁgﬁ%ﬁ@{}o&g %fﬂg%{ﬂ? cki ng
senBDr srrayebe kelegiedtdywookingrteneshasfwish reeadyh exmsdrisng weapon systens, whose
efficiency 10 may be el evated by working together with search sensors. In
particul ar, the search sensor and the tracking sensor may have unequal

ranges anghaliclir aheltefbRlseABEHEAE tERAERKind BENSAAKRN ISANSORegEsIer al |y
having a larger range and usually also able to search a broader angul ar

space. 1#198§ @r/04iGeveasELIURt anaylapsPagtathag@aich SENEPLY R Y Sits
sensor 1 e?er%hgg arﬁje{]§95I%WQI'sBSam§\fb%%8P&H LiRbgqd) %BSQ%’P%&%? abilities; the
search sensor unrts may, or exanpl e, be responsrble”for "ditferent parti al
searth spaces whi ch nonethel ess overlap easily, or they may be responsible

for the_sa search space gut with 20 different view and/or detectio

rel ati oMsAETEIN £o6sSe 1§ MAYLRG adyen QPG tPrRIoXH{e @ search sensor with searc

sensor units having multiple different capabilities; the search sensor units may,
for example, be responsible for different partial search spaces which nonetheless
overlap easily, or they may be responsible for the same search space but with
20 different view and/or detection relationships; these include not only different
conditions in the space between sensor and target, but also different properties

of the target, which lead to different detection results.

Frequently, a radar sensor is used as a search sensor and an infrared sensor,
25 preferably an FLIR sensor, or a TV camera or an optical line of sight is used as a

tracking sensor, for example.

The tracking sensor is preferably implemented so that it is aimable at the target
completely independently of the direct detectability of target by the sensor itself,
30 possibly even if the target is not yet in the space which may be sensed by the

tracking sensor.

The tracking means of the tracking sensor may be implemented for manual or
automatic tracking of the tracking sensor. Tracking sensors which may be

35 tracked both automatically and manually are advantageous, so that a

n



conditions in the space between sensor and target, but also differenynov 206
properties of the target, which lead to different detection results.
Frequently, a radar sensor is used as a search sensor and an infrared
sensor, 25 preferably an FUR sensor, or a TV canera or an optical |ine of
sight is used as a tracking sensor, for exanple. The tracking sensor is
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30 possi arget is not yet in the space which nay be sensed
by the tracklng sensor. The tracking means of the tracking sensor may be
i onatlc tracking of t trac ngﬁsenso
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case. Frequently, but not necessarily, search _sensors are fixed and
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of fire control devices or weapon carriers weapons systens Ich are

f r equenedryiengof veeRpnsTHste®ar wﬂm@bﬁse)freanantjv ndtdixadacki ng sensor may be
equi pped with appropriate search neans for establishing the particular
relative positions. 15 Individual calculation units may formthe cal cul ation

neans nEkesearch sensaraimyot itha tvddkmgeefisorinag BehequippbbddvitiSuppreptistd at i on
units may be assi both the search sensor and the tracking sensor.

ed t
Gener al $§27BdPRF Ors%%ttagHSh'é‘Q Srp%'SUFﬁéeqta’@KP?@t’g%ﬁsor and frequently

al s auxi | | ary systenms such as 20 weapons carriers, have specifically

i npl emented cal cul ati on units.
Individual caiculation units may form the calculation means necessary in

connection with performing the method. Such calculation 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 systems such as

20  weapons carriers, have specifically implemented calculation units.

In many cases, the target tracking system has only one search sensor, but more

than one tracking sensor. If a further tracking sensor is in a different relative

position to the search sensor than the first tracking sensor cited, further flight
25  path data, which takes the different relative position of the further tracking

sensor into consideration, is to be provided for the further tracking sensor,

Flight path data or further data essential to the method may be transmitted
specifically to an auxiliary system with the aid of communication means. The

30 auxiliary system may, for example, be a weapons carrier, particularly a gun or a
rocket launcher. The weapaon carrier may also be mobile. Weapon barrels of
guns and/or the corresponding servos are frequently controlled with the aid of
tracking sensors. In this context, the weapon carriers fire projectiles, also
referred to as weapons, which are to hit the target, frequently in fragments. The

35 data must take the relative position of the weapon carrier to the tracking sensor



In many cases, the target tracking systemhas only one search sensor,\Bita006
nore than one tracking sensor. If a further tracking sensor is in a
different relative position to the search sensor than the first tracking
sensor cited, further flight 25 path data, which takes the different
relative position of the further tracking sensor into consideration, is to
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speci al fligidvaathageadhtd benpdesian.i nvention that such filters may be preset
taking the flight path data into consideration. 15 In practice it is

unavoi dabl e that the novel target tracking systemis inplenented so that

ti mps defRyva&nits Rds Rinal/BRIaHYS LS e ﬁ@vefmgmétheaawﬁlsy@f@érhqg implemented
i npl emented. In order to avoid errors caused by such tine delays, it is

advant agedbat timederysmaused by e axsteRsatipe Meianakienpoydlemetitrd el ays into
implemented. In order to avoid errors caused by such time delays, it is

advantageous to perform the calculations while taking the time delays into
consideration, so that a compensation is performed to track the tracking sensor

20  more precisely.

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 itlustration 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



consideration, so that a conpensation is perfornmed to track the tragliNgg 2006
sensor 20 nore precisely. Further details and advantages of the present
invention are described in the follow ng on the basis of an exenpl ary
enbodi nent and with reference to the drawing. 25 Figure 1 shows a schematic
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accor di Hgcking sensre 1y £atawation smeansnl 6:Thed tEANSERISSIPACREADS dst ERR 10 has a
search selsarlselor %f c_tc{v%%'ar\&o%% rcthd aeg,' fHbat 'd%ﬂrrfrgaatlb% i%%ta&ﬁ;wn.
transm SSi on neans 8. he search sensor 2 covers a broad searc space,

whose d€he trdckingeensomid cehersna trabkend spade bf. sensor 14 covers a tracking
space 15. 10 The search sensor 12, which has a search radar and which
rotates in the present case, searches a search space in nultiple passes

andfeor 1Ré debRASseMyrCIR, fWhicBWaOaeeardt Rifaraind WiRcH PdtatainstHTdreseit ch do
not have to be constant, and which correspond to a first and/or search

cl ock r@Ase, GRApHISRTA SEACHPASH Weeidpiggrasspavedler FEatiens: which fedlothe
tracki ngneg%%?ﬁerlét tiﬁlFﬁfP\%éNa‘Pé‘ﬁ*hS ;e@'dbyn&gpﬂeaﬁbérc%w SRaNgRcRensor
a of €

12, at i'stance d. e vectorial distance tTacki ng sensor 14 from
the seavchssemsor alfrst and/trheeastcbraodd sadetdfe2 m/éNTdL, iwhdcip@did does obt t he

tracki ng, 3815 % constant.

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 assigned 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



14 to the search sensor 12, are known. The search sensor 12 is alsolagﬁhgﬂ&p
a 20 visualization unit 22 and the tracking sensor 14 is assignhed a
visualization unit 24. The calculation neans 16 include a first cal cul ati on
unit 16.1, which assigned to the search sensor 12, and a second tracking

unit 16.2, which is assi £ed to the 25 tracking sensor. 14. The transm ssion
means 184ane theefliohsPathinsywindsiiza the ngatiedlar eHgRmMend of\iBeaxternaliyparti cul ar

Det weoncbiieoRed L AUGRI30RscH214 R Hhidldd BRat tS 16, 1, 16.2 of ‘the

cal cul ation neans 16,” and the tracking sens 14. The transm ssion nmeans 30
may include transm ssion units connect ed by wire and/or wreless

transm S|on uni Isoto not ed the d d |ines ween
tho seartandnstb L thh s Bni 2F rieliBRalditng tiaoh Pits IrERncet Te and
the §1i ghbspgtdnthy, %@h@lrgéﬁzaﬁwmwwa@tztuhanbwrmenz Zat 2Hin ehdeher wot - dashed
| i nes between_the tracking sensor 10 NOV 2006 14 and the flight path 6

synbol i 2BdideZpHr thstanaf4allngrakait 163 thedaegele? halacptedmy already t r acki ng
SeNsor sl e%]d“eatti§‘nﬁ*a§ébgﬂ“|r9@ﬁ-ﬁ§tloﬂw@s %@TY&S@QEt%Iérmﬁw@a W@%%thﬂ?%%

had Iocate eé target a location sequent | targe 2 was
| ocat ed 1at|nz%chmﬁumstnaatant2 Zlato Z35. |ﬁhlsrtsrgaarttmﬂ?ﬁ}matamdea$erznaliyndesm:$|tb&m T4.

In instant T5, the tar s | as alr cribed, at Z5. Target
|t or bl ettty etedates iR gk 4o dPih AR gt T TRt of t

i nst@nt gseBblitRedSthel B4l8uladiodeinelaRE ArGTBkIr@Polass eRé iegbbytdeBight Pash 6 or nore
pr eci sely interpolates, the track 4. Fromthe target information 10

est abl i SREHT @Wé“ft%f't&lhtdﬁtbrﬂ%dﬁ%‘cm@@}éﬂba@éh@t@ﬁ%‘éﬂfﬁ&t@ihf@ iythe path 6

and/ or | ata which describes this expected flight path 6
in the Pé@ébgﬁet%/gb%ﬁesnggé%ﬁd Z6. The extrapol ation of the flight path 6 is

performed by the cal cul ation rreans 16, 15 and the correspondi ng fI i ght path
data is_tran ed to nd/or ed f ackin ensor jth the
o of The Serditer Br e Tin SRt ES exfoubBia b srRHItN PeriS i h 6 may
be P?rf@hﬁ’&ﬂe@rftﬂ;pbhalng?lfI@-Hté}iatﬁrUata 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.



unit 16.1 or using the calculation unit 16.2; if the flight path 6 i;§nov 2006
extrapolated 20 first by the cal culation neans 16.2, the data transmtted
by the transm ssion neans 18 are transmtted at a clock rate which is equal
to the search clock rate 2n/ AT1; the transm ssion neans 18 are | oaded |ess

in this t han Wlh transm ssjion of_data at a second clock rate 2n/ AT2,
whi ch iEh%¥@t§ttlQm8 aﬁ%@egéféﬁa*f‘cwec'méwtﬂéﬁ ethnlicaget 2aha%/dfﬁ36ﬁe€1rﬂat'talcf<tj‘}ﬁ pat h
dat a 'Ss,:pardévwi%ltwrmattee%vteta&tj rl%esﬁQéigﬁg]s‘én@BP‘iﬁd'bGG &y hBFy%frg,%e nt

i nvention. The hi g er clock rate COI‘I‘espOI’l Stoatine iInterva
i s onl ysensedawtd/on dedectelleby ttnettracke'rg/adenwrlm | Ahehefore | ids rrapoestb@hﬁ:wm in

the 1t BeEs0Bwhalls 0% be Eob Bl folre ohderded YRt Ldck Bares <

onl y; sefraek efle targake alibendhawsipg cl ear. The flight path 6 shows the
expected novenent of the target after the instant T5. In the tinme interval
between the instant T5 and the instant T6, the target 2 travels, starting

from Z5Th a“*rﬁ@@hﬁér&@s asdrs %&the%g@efﬁc’ﬁé’%ﬁ&%eﬁ%ot ta%aﬁ e(faga%rtegﬂ mat el y

at Za and Zc at the i1nstants r espect 10 Nov
2006 Tt targasi2i ahhopgas'e isbegd:imsbﬁedl\t rethentaakingTéna dehbS;t torgatar@pleas

reached, a trac be cover,ed the trackin ensor 14,
ot et BEE 2Ra9 8 fog Sl & B e oS R AR ats e SR el

Theyef ofrferelytfol exiefmsissy BUEpds inthgukd acki HalosrRNSPbr ide hghber aut ononousl 'y
tracked on target 2 and/or for it to 5 track the target 2 aut ononousl y.

Ther e a®dNPIRRGTHUSCREEHSBRINThACT PrREMiGHFetargeheleke sensest by 4hadyaskond det ect
the targgte 2,14l tI'H@Ltgé'chﬁ?/ %gg&d%% %ﬁté’rnaﬂ tc'SﬁBIorI@EI e}ﬁgsduﬁg%% ﬂ@Bsf or

exanpl e, the target to0 sma e cov y an truction,
i1l ust raateddatlaOdmngltyeﬁoanseb(emhasy qtmmp:beg$o ithe Firgsemt ibvastiancitoeing, or

he |ight . h d b d
by 1 he e PRI SBRE eaRS B ek S B S PP el 7 Bont o1 1 o

by wsi ngxpdeed ltbgd |oceeéch dattBisoNEY Nehd frackihansdrisoPn 4plsaseabte of taklidg t he
present invention, it being ainmed by its ainng means at the particular

| ocat i ofheatar@Rt éh bt“ﬁ‘é”‘/t"attog%tcthal'%der%%cpéEtt'é%l ingapks Teacadeth, the trArkingay,

the tragking iseRsfedldt pSinfAPaYRI 25, FGRELD8Iy, 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, in 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 senscr 14 was not tracked on the target 2 from instant

10



the target 2 "blindly" to a certain degree. At the instants Ta and TRnovYos
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 |onger_fornms an obstruction between the

t racki n§* Sewewe, e dmadene afdhgdereet 2 yruld teaval |leng prageade ' whitba t he
target 2: rnal| | i Sq€e I 2 has
Feached oG PGS & (oS A G ARbHA I Houtsd 1 PN AR ISEBR AASHIE hHETET 10 ne
det ect | omagipans innhgehef thachkigey Sendbor ttdgancharke, whidhciéprgdoneatiset rack the

t racki ng_sensor. . .14 he target, 2, .in.othe rd the 25 trackin ensor
14" now SrUEkD et 29 gt iRs Al 2 A AP yRASE TSGR te S gt G 25 oy

NOr & Prgsd T8 of Bk t4rage 223t e nBEaritar@ehnd THi; hove\ed] 96th PAidet bH&YSS
formed by the origin of a coordinate network, appears on the visualization

unit 24Yaf arGdbwakld net BeARGges 2’ aneer Epaging ofsthestayias2i Aut Rathes® case

t hat thﬁctlé(g@ck 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 conpensated for. If the tracking of the

t racki sensor. 14 runs, i, deal fromthe instant T* onward, the inmage 2' of
the "t afBer SaalizaHga PErard th SECh SPGB bbeHOvEPd ot AidN6RE N of ¢he
coofdi Nghe tBe PRI flight Jate & bReE fsrggensor 14 was not tracked on the
target 2 frominstant 10 10 NOvV 2006 "T* onward, the inmage 2' of the target

2 would travel along the image 6' of the flight path 6, as is also shown in

Fi gure o L Vgl 8l 80008 BPSSI BLEhG QXELAY0 oL TAGIIALY v IBOES Rl the

t ar get arget marks, IC produce C ion Z5 of the
t ar get vanhtibhe hianstaatsedbctapenddrel 2xpbichead ithptamieotss] #a theamapdlseaff t he
t ar get the i T

2 at . nstants Ta and . however uch .t t marks Y5, Ya, and
Vo' ol BstablnEe HRaEnBorAalPs ntr gl KoM the e qen AbHE 51T didespn
ficfd ongarfBE 100SURNS Eaige®d 2Udnd 182 He eS8 6 theRTAickb2 shawp4,he track 4
of the past 10 and the expected flight path 6 of the target 2. Figure 2

shows ares@eshvelyar flee colcaltaiayupiisttem i3 imaterveaiatyfardheneurpoes @it

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 caiculation 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 generaily 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.

35

11



invention, having a search sensor 12, which is inplenmented for the pyNeRSSue
of establishing target information not only fromthe 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 inplenented
for the ﬁurpose of asslgning the targets 2 and 102 for further tracking,

t he uni Thadarafti hyasmssidigghio the FPcking seneeKkilfgase hagrreaghaddhehe t ar get

102 to rth r i 1 ' (o} rgetqg,d he
singl o FarnE o, FRe Do TERAAE 1o o e resich, PR 0 SRR R T e S

t ar get tnaakiigngerepstleniraokh dke targeddtint dnmexternehy consifadigdaandnblimd't weg. 2, a

further ¢ ul ation-uniit 116, 2 ich iis assigned,t e  further trackin
Consor 4 i BroRE 200ek g Sedsed BY Hhaddnd SaARISEL 1D 28 b Eid BForel 2K
t r acki ng|ssengohokiktishasraakhbRGKADENIBSa00 TV bhe Whiddt DPaktirahtye®ves | ap. Two

auxiliary systens 30, 31 are coupled via comrunication neans 28 to _the 25
tracki nigcatiRe ot/ ead tbérfﬁf@g@@n@naﬁ@ fpvoeahle fPaFymepsingnt £E@EN mstark E8coupl ed
Lo theyld AR RANSAVe HdendPfOIBEUNLA 3id OfnETRBRcHAS: p TAfeiSd fdrary
systens are-general l'y weapon carriers, ose apons and/or projectiles P
are to combatingtthe toagere? ard firé@2at instamhyP7abis bhbdasa of 8 hepicehieadr acki ng
sensors 14 and 114 t ther with their as iated.auxiliar stens 30, 31
and_ 1a0calyEtiony ok aseBRToETYen Par RHE IR aRe petunth P ihieedhS t8rGer
respect bvg{buntdie thel projeadedPrit mfste_tmersiemé!fpgh@Patrss&h@péﬂoFé efddand a
summary, the nmethod and systemspecific details of the present invention

describé8-in regard to Figure 1 also applying to Figure 2. 35 11 10 NOV
2006 The target 2 was assigned to the tracking sensor 14 and has reached
the tracking space 15 in the instant T5; in the transition phase up to

i nst ant Th&,seched thrgatki i wasrsssigriet] to dokbatkiegt sergetr 114 anamasxeachead | y
controlled and. "blind" Y ntil t rget 2 may be ,sensed by tracking
censor 5 Heching At Rdp ehE astanET 4B g scatiItie] ANERELb e nsieRan

i nstant TF¥, thde-dcRiriftedsdrasi 4 eaeRedhé Becoh @eaigedn 027incad eikbairefigre a space
favorabl e for combating i At an instant T8, the target 2 will have

Wl gnl L. . s
r eached cemeolleg andoling wiie Upkibjhes¢qay! fargak dHdenay e sensed by tracking
sensor 14 and is therefore also autonomously trackable. The second target 102

is then combated analogously to the target 2, but by the projectiles of the
auxiliary systems 130, 131. The flight path 106 ends at Z108.

12



conbating the target 2 are fired at instant P7 on the basis of a typical

| ead cal culation, not at the location P7, but rather at the | ocation P8,
where the target 10 2 encounters the projectiles P at instant T8noVhees | i ght
path 6 therefore ends at Z8. The second target 102 was assigned to the
tracki ng sensor 114 and has reached the tracking space 115 in the instant
T105; i rwiat iskclisddiis:on phase up to instant 15 T**, the tracking sensor 114
tracks the second target 102 in an externally controlled and "blind" way
until the second target 102 nmay be sensed by tracking sensor 14 and is

t her ef orle al Sométhddstaroking ytatdetunbehy i.an kiispasecond target 102 is then
conbat ed anaé& ously to the target 2, but by the projectiles of the
auxiliary syst'&iE' 130, 131. The flight path 106 ends at Z108. 12 10 NOV
2006 What is clained is: 1 A nethod of tracking a target noving in an

airspace, wherein a search space is searc th the aid of a s

Seneor i mil't1 i 8 SBESORRcE oo P e R ORS Rt St R P RSP G

i nformati on bei ngcksk ald (23Add) ind tirg‘dtsnﬂﬁﬁmmdbhlbeﬁk{g esfABlishEd ialis &af waick f | own

t hrough by the ta ect ed fébf t path is extrapolated with the aid

r an
of cal cul ation ne§%§“#ﬁ3ﬁV?€ own thraygh bY' the 57875t i on est abl i shed from at | east
two passes, and flight path data, which describes the expected flight path,

{11 Gt pat h dat a. SOFRERDRSRT PGS SKHE0 8R4 P e bt etk etndteer RgRepat h, i s

transmtted to thear dtﬂff&tﬂ&ﬂoﬁ@%ﬁé’he&\frbrh at @t B Chatdes, tah A 11 RpH ;Sawm WeRRS at a
second clock rate (2n/AT2)

gher an the first ck rate
(27[/ATI), and V\HéSﬁ“P?'Téhec"a‘Pbcéﬁtd ff Qﬁ@ﬂé@s P‘Hé‘dfcigéﬂf A ngsaRser “ﬁw PYeEXAKi ng
sensor is ainmed ataédne prrected flight path with the aid of aimng neans on
the basis of the transmtted flight path data, independently of the
del ectability of the target, the target is detected with the aid of

detection neans asheSNRN paf dath, Wisicll@kabeadt exthRYolhB@ expected flight path, is
transmitted to the tracking sensor with the aid of transmission means at a second
clock rate (2n/AT2), which is higher than the first clock rate (2n/AT1), and

when the target reaches the tracking space,
the tracking sensor is aimed at the expected flight path with the aid of aiming means
on the basis of the transmitted flight path data, independently of the detectability of

the target,

the target is detected with the aid of detection means as soon as it is detectable by the

tracking sensor, and

the tracking sensor is tracked on the target autonomously with the aid of tracking

means.

2. The method according to claim 1,

wherein the search sensor and the tracking sensor have different search characteristics.

3. The method according to claim 1,

wherein

13



tracki ng sensor, and the tracking sensor is tracked on the target
autononously with the aid of tracking neans. 2. The nethod according to
claim1, wherein the search sensor and the tracking sensor havaoNOVRzersent
search characteristics. 3. The nethod according to claim1l1l, wherein 13 10
NOV 2006 the tracking sensor is positioned spatially separated fromthe
search sensor in #hekraoking seabaats positipaedispatiolly separated fromghaigarsh seneerinand t he

cal cul ation of the § I{(QEI;W I?Ots Q%tﬁeéeﬁrcﬂ‘ééns&f d while taking the known

relative position o |ng sensor to’the search sensor into
consideration. 4. The nethod according to claim11, wherein processing of

data is performed aloloBaste A Aigh plinDkadt oAb %411 Hliche BRI WAL, (O the

search sensor or by a unit o e calcu n nmeans aSS|gned to
the tracki ng senseoesitionsf thErracking seosbr sctbosadichgensor loﬂoapm@ratmﬂ ein the

rel ative position of the tracking sensor to the search sensor is determ ned
with the aid of search neans which are assigned to the search sensor and/or
to the tr ackThgms@n@mcord&gtd'hleim'rht hod according to claim1, wherein further

flight path %EI%I %ce?swrg% gg't?hs ept t‘gl?ligﬁggle%FF%ﬁ:{llyg)zta g‘lagl?tl (ﬁltlﬁlq aggl Qd {okfﬁe aid of

the cal cul ation ans Is tra smttedt

t he further teaschisemsgr eré:ysxalalcuiatndm uniitef the daloflationlngany @ngmidss the trackingrsusoZ. The
met hod according to claim1l, wherein the flight path data or data based on
the flight path data is transmtted to an auxiliary systemwth the aid of
communi Gat i oThemathed a@ordiifgeo pleinhbd according to claim 1, wherein the search

space 1s seal Ql%ﬁl] tLe felaftve Eo% I%lq of @R ggckm\gl sgtr'sor 13 She searcl?gengor}?s dcé%%% 4 RN and

aid of search means which are assigned to the search sensor and/or to the tracking sensor.

6. The method according to claim 1,

wherein

further flight path data for a further tracking sensor is calculated with the aid of the

calculation means, and

the further flight path data is transmitted to the further tracking sensor with the aid of

the transmission means.

7. The method according to claim 1,
wherein the flight path data or data based on the flight path data is transmitted to an auxiliary

system with the aid of communication means.

8. The method according to claim 1,

wherein
the search space is searched for a second target with the aid of the search sensor and
in this way second target information is established, which describes a second track
flown through by the second target,
expected flight path data, for use by at least one tracking sensor and at least one

auxiliary system, is provided with the aid of the calculation means.

14



in this way second target information is established, which describes a
second track flown through by the second target, expected flight path data,
for use by at |east one tracking sensor and at | east one auxi 1080y 28065t em
is provided with the aid of the cal culation neans. 14 10 NOV 2006 9. The
met hod according to claim1, wherein filter neans of the tracking sensor are
preset Wil e Thakiethgd tdverdirlgitgblhinpgt h data into consideration. 10. The net hod
according to gl ai rejn > fl.J j -oUl ile
Faking t1me Anpayite mlSLENe chlesch b BRL HIRE B gl R 880 I 10
tracki ng systemideation.r acking a target noving in an airspace, having a search
sensor, which is designed for the purpose of searching a search space in
mul ti pl e passes using a first clock rate (2ir/ATl), and having a tracking
sensor, l#hi cAhe setied agnaingftorlaithb pur pose of tracking the target in a

tracki ng spa i n the se L i whi ch
are inpl em*antgl rew;fﬁg ﬁ%@t pﬁﬁ’rdﬁgaslggag 2 e{@ﬁ{eitng tgﬁegdéfa&s %ﬁ%%?‘?%%s\?\ﬁ?ch
descri bes a temekratibown t hrough by the target, during at |east sone of the
passes; the target tracking system has: cal cul ati on neans, which are

i npl enented for the purpose of extrapolating an expected flight path of the
target dmd cal ergeatackigg ysteghfor pakingcadrget whvinh irdesdnspdees t he expected flight
path fromthe target information and transm ssion neans, which are

i npl enented for the purpose of transmtting at |east the data containing

t he target i nformhtvioga tearch henseaivbigh stdeggmerdda@niss pungbsadf searalsihg 4 kearchkpacght
path data which describes the extrapolate | J th to the tracking
sensor, in order "f%m%f)%\?ﬁ?gs ‘fsﬁ'gaftﬁgékfkrget(%nfég?)faa?‘gr t he tracking sensor at
a second clock rate (27i/ATl), which is higher than the first clock rate
(2it/AT1); and th%a\tfingga a(l:géllcrllglgsseengglg rwhl?:ﬁ?s’designed for the purpose of tracking the target in a

tracking space,
wherein the search sensor has:

first detection means, which are implemented for the purpose of detecting target
information, which describes a track flown through by the target, during at least some

of the passes;
the target tracking system has:

calculation means, which are implemented for the purpose of extrapolating an
expected flight path of the target and calculating flight path data which describes the
expected flight path from the target information and

transmission means, which are implemented for the purpose of transmitting at least
the data containing the target information to the calculation means and at lcast the
flight path data which describes the extrapolated flight path to the tracking sensor, in
order to provide the flight path data for the tracking sensor at a second clock rate
(2n/AT1), which is higher than the first clock rate (2r/AT1), and

the tracking sensor has:

15



15 10 NOV 2006 aim ng neans, which are inplenented for the purpose of
aimng the tracking sensor at the expected flight path (6) on the basis of
the flight path data provided and independently of the detectabNbvtgocof the
target, second detection nmeans, which are inplenented for the purpose of
detecting the target as soon as it has reach the tracking space and is

det ect abl e, and t rmokg meampelnieh arpimmémeated fontind pmpose ethimhog thehtmching pose of
tracki ng the trackj roon.t K as soon as
175 deteoted by | Re=gRfaf el fiRt REMSCU HFhu P RRTRMELY 22 T
accordi ng to cl ai indt¢dendertilzroéihg dethasatslitmptthe tegesor and t he tracki ng sensor
have different search characteristics. 13. The target tracking system
according to claim11l, wherein the search sensor has a search characteristic
havi ng a greater sangeddtdrtion mhanst wisdkdre gnplaesnsdifor thelpurfidse of deteging the acki ng

system according L0.g4 Al 1 WASLED (bR SERRGNS WAL IS, Sear ch

characteristic ha g a se spac S broader an the tracking
space of the tracking sensor. 15. The target tracking systemaccording to

claim 1ll, wherein_the sear .sensor_, has |t pl ear.ch .unj . 1..16. The
target tracking s;t/rg?kél}ﬁ 'ﬁ%ag%ﬁy |1°ngar 0 p(l: méjf'tr%wof?he ugarogei %rt{aﬁlgHgglé?rgﬂ('n§ensor has
at | east one radasesenmahe detetied taFjpe agtenmogetisly pasdkn agit Sydeteatad bycthe deleatign t o
claim 11l wherein the detection nmeans of the search sensor are inpl enented
for the purpose of et ect | ng a track of the target in the space fromthe
target information. 18. The target tracking systemaccording to claim11,
preferably an FLIR

wherein 1Ehe Hﬂ‘%&ki g?q Eensosre i S. ara.ni Sf rared sensor,
sensor. “19. rEeL VA E e SY IR PG U €M™ e or ding to claim 11, 16 10 NOV
2006 wher ei wheilsi the @akh sapsarend die tiaskinggphenkave differant ssacch charvagyistidsat it nmay
be ai ned automatically

13. The target tracking system according to claim 11,

wherein the search sensor has a search characteristic having a greater range than the tracking

Sensor.
14. The target tracking system according to claim 11
wherein the search sensor has a search characteristic having a search space which is broader

than the tracking space of the tracking sensor.

15. The target tracking system according to claim 11,

wherein the search sensor has multiple search units.

16. The target tracking system according to claim 11,

wherein the search sensor has at least one radar sensor.
17. The target tracking system according to claim 11
wherein the detection means of the search sensor are implemented for the purpose of

detecting a track of the target in the space from the target information.

18. The target tracking system according to claim 11,

wherein the tracking sensor is an infrared sensor, preferably an FLIR sensor.

19. The target tracking system according to claim 11,

16



at the expected flight path by the aimng nmeans, independently of the
automatic detection of the target. 20. The target tracking system accordi ng
to claim1l, wherein the tracking neans for autononous tracki hgooioviees
tracki ng sensor are inplemented for manual and/or automatic tracking of the
tracki ng sensor. 21. The target tracking systemaccording to claim 11,

wherei n t he twhacki mgtracécmgcsbnsiosismoplerhém@dn si®D .a vildyahat amgaetbeamaadlahm;;aaeﬁqpﬂy em
accor di 19, 12 o bR Rhebda i 0BIER L Bl d AGKL ABRASR0 of meRBShbicasdusPa! ol 1Y
separate from thée Sear it Sorand it a re osi't Ton t he
sear ch sensorthe target. t he cal cuI ati on neans are |rrpl enent ed for t he pur pose of
calculating the flight path data while taking the relative position into
consideration. 23. The target tracking systemaccording to claim 11, wherein
t he seardh séﬂsmargeanddl«ijrgswttantaccam{mgtgcbémmr have search neans for

establ | Sh' ng ! e?em thg ?tl 50 ratﬁo o?nous Qackfnr aﬂfl‘ ?rgckltrgas% sroiarg 1%#1gmen?eﬁl ;t

sensor. ng systemaccor
| east a part forfmaduel andAocadtmatmmranlemgﬁtlﬁﬂraaklagwbmul ation unit assigned to
the search sensor or to the tracking sensor. 25. The target tracking system
according to claim1l, wherein the calculation neans are inplenmented for

t he purpdse dﬂ’hemgatuhraaidgragstémratdmaﬁngibic@hn11 path data for at |east one

further tracki ng.s&n Oninand the Qsm ssion nmeans are inplenented for the
purpose of traivem Pt FAg r{gh%nsf’urstﬂ flight path data to the further

tracki ng sensor. 26 The target tracking systemaccording to claim1l, 17
sens i hcl udes comruni cati on neans, which

10 NOV 2Q06 "qu? I Lkpe tstackln r k

al | ow t ransm SSiB# Hf’l T YSF BHR l?%tf’ﬁaﬂ’é to at |east one auxiliary
system the nelesdii ve position of the at |least one auxiliary to the search
sensor or the tract#é tpe%kﬁlgggn%cr)r is positioned spatially separate from the search sensor and in a

known relative position to the search sensor, and

the calculation means are implemented for the purpose of calculating the flight path

data while taking the relative position into consideration.
23. The target tracking system according to claim 11,

wherein the search sensor and/or the tracking sensor have search means for establishing the

relative position of the tracking sensor to the search sensor.
24, The target tracking system according to claim 11,
wherein at least a part of the calculation means form a calculation unit assigned to the search

sensor or to the tracking sensor.

25. The target tracking system according to claim 11,

wherein

the calculation means are implemented for the purpose of calculating further flight

path data for at least one further tracking sensor, and

the transmission means are implemented for the purpose of transmitting the further

flight path data to the further tracking sensor.
26. The target tracking system according to claim 11,
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bei ng known, and the cal cul ati on means being inplenented for the purpose of
calculating flight path data for analysis by the at |east one auxiliary
system 27. The target tracking systemaccording to claim 26, whao®izoe he
auxiliary systemhas at |east one, preferably nobile weapon carrier like a
gun or a rocket launcher. 28. The target tracking systemaccording to claim
11, wherei n twheresah¢ civkggnesor ih@udeﬂpérmnmﬁtaddn fneans} wWisiclpalloposmsmofsigreatitixhi ng

its search Sgﬁgfpﬁﬁdm%ﬁﬂﬁﬁﬁgﬁﬁ%%ﬁﬁ :;ﬁqﬁ establ i shing second target

i nformation arge ystem according to claim1l, wherein
t he tracking sensor has fllter means, which may be preset while taking the

flight path the Létwe'],f%u%@ﬁh&ﬁﬁ%%ﬂ onf a‘lng)l@% t;mﬁe stegrrcggénstgr o?mé'thgm?ﬁ/%hﬁf]or t he

according to cl ionunirt 1s
pur pose of i meingdmavg, ende del ays caused by the systemin the cal cul ati on of
the flight path data, in order to conpensate for the tinme delays during
tracking of the tracking sensor. 18

the calculation means being implemented for the purpose of calculating flight path data for

analysis by the at least one auxiliary system.

27. The target tracking system according to claim 26,
wherein the auxiliary system has at least one, preferably mobile weapon carrier like a gun or a

rocket launcher.

28. The target tracking system according to claim 11,
wherein the search sensor is implemented for the purpose of searching its search space for a

second target and establishing second target information.

29. The target tracking system according to claim 11,
wherein the tracking sensor has filter means, which may be preset while taking the flight path

data into consideration.

30. The target tracking system according to claim 11,
wherein the calculation unit is implemented for the purpose of including time delays caused
by the system in the calculation of the flight path data, in order to compensate for the time

delays during tracking of the tracking sensor.
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