D F METHOD In standard direction finding techniques a targ@2%P8d2o source

is located by nmeans of using at least two fixed direction - finding (DF)
Feceiving sites with directional antennas as shown in Figure 1. Fromthese .
two sites neasurenents of the bearing to a transmtter target can be nade
using the directional antennas at the sites. The intersection on the

bearings fromsites X and Y gives the ept¥ METBOD position of the target T.

Two further techniques nay be applied for locating the target T from X and

Y. First, neasurenent of the signal strength fromthe target T -
si mul t aneously at X andn Ysteadayd érectivastinding techniqope aiitargstc &2dio T from

the two receivery ﬁﬁ:&g%sxlgéh%ex %%&ﬁww%yﬁgtw 18856 ithber3eai direeeidor the /

target T (see F| urty of the twg osmbletargh *}‘
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or a third receijy pgqsiet €. Z. Second, the time of arrival (TOA) of.a.

uni quely identifiable part of the.tr sm ssion fr I Yi ng
sites X and Y can be 59’5r'§’5se N ELES PR %%M%rr&f ti% %éﬁ’l{lgs%%axneasure
of the relative tiiaahﬁuxes térgehecanabgatadé bsiom tmedimﬂonaigastmn%t X and

Y. The anbi guiti %sbe i8S Qhv & eR¥4 %n“ﬁﬁ Eéaﬂghégefmglgﬁgglg)%h Y

antennas or a thf ds giving site as a ter two techniques
require accur at egizgactheonsiinated positinn Pifrﬁmg“éa’iiﬂftmﬁen recei ver sites,

al though this can be o%cg&ﬁhggmhgi&,{egrﬁg iba| appltled ForbIctiat g the
techniques. In practice, elther _oqne or a conbination of these techniques

will be applied. targeh| T f3om %888 Yases t he accuracy with which the target
is located is dependentri@gt] hRasexument yofofthe rselgnmicemmrgtm fwom the target

T simultaneously at X and Y can give a measure of relative
distance of T from the two receiver sites X and Y and thus give
two possible positions for the target T (see 'Fi'gure 2). The
ambiguity of the two possible target positions may be resolved by
using either directional antennas at X and Y or a third receiving
site Z.
Second, the time of arrival (TOA) of a uwniquely
identifiable part of the transmission from T at the receiving
sites X and Y can be measured. This as in the former case gives
a measure of the relative distances of the target T from the
receiving stations X and Y. The ambiguities may be resolved by
the use of either directional antennas or a third receiving site |
as above. o/
The latter ‘two techniques require accurate
synchronization of the timings between receiver sites, although
this can be overcome using differential and calibration
technigues.
In practice, either one or a combination of these
techniques will be applied.
In all of these cases the accuracy with which the target
is located is dependent on the accuracy of the receiver site 3
locations and orientations and for practical operatlon at high
accuracy these receiver sites are normally surveyed. .



| ocations and orientations and for practical operation at high accuracy

t hese r.eceiver sites are normally surveyed. The need for surveying of
fixed tracking station position and the difficulties of adequately nmap
readi ng the position of a nobile tracking, stati onﬂ?an i nt roduce subst_gnt i al

errors. These errors nay The peed fori suyveyinghel Sixed JrackingTRtatinh ROSLEICY S
defi'ned in the appghdafieCdfiribuliqed v Bdédiate BN map Seadiny the josittuteof /8

* preferred enbodi ment_of Efp%?%’}%ﬁf?ﬂoﬁﬁgqﬁidut,jgr#b'%‘?a?ﬁta?”?f%&s These

-measur enent of posPP?"o]ﬁ d ( ecerving sites to a
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iWventten w Il ‘be deferenbedshopldapwobe aadepl e with reference to the

drawi ngs, “Tn which: Figurg Jreftffedr bitibakfertD¥ Shei Smankesi Proviassaforotha
tracking system Figure 2 (referred to above) sqr}]g\/\s ho {he s#/g:hg esol ves
an anbi guity; Fi guBBtomatic pessprqment Of BASIAOR C%’r"\ﬁnﬁﬁ PPt df®ettbodyi ng
the invention; and rec@itiegdsites\ o alkys thenusecel toaxdpontalieyand mobideh DF
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Figure 3. The DF r&?ﬁ?ﬁ@l‘r Xléq §} %eg)éﬁgéﬁatggét%dagﬁrl éc |-o§a dz;n}t_g]éénc%éﬁ%r \rNgl;/é 2.

- The DF receiver outijlustrahed ssbedimgnt qey] bayused dn; argysten degignad £oF t he DF

platformand al so UihBking Btdigh Vel BYA bulR A BR%S udbrAessi gnal strength
s and tine of arriva . . . .
: _ The invention will be described l_)y way of example with
U reference to the drawings, in which:
|  Figure 1 (referred to above) is a basic diagram of a
tracking system; | o
Figure 2 (ref_éfr_:éd to above) shows how the system
resolves an ambiguity; =
Figure 3 is a block diagram.of a receiving station
embodying the invention; and o
. Figuré 4 show_s a'system incorporating several such
receivin_g stations. |
‘ The system iaym_it for a receiving station is shown in
Figure 3. o : : |
 The DF reéeive_r 1 is connected to a directional antemna
. array 2. " The DF r_éégiver outputs the bearing ¢ of the target
N/ o i:elai:ivg 'ﬁl:o' the DF platform and also outputs other relevant
parameters such as signal strength s and time of arrival
information t.  This information is passed to the data
processor 3. | '
" an automatic heading device 4 gives the heading of the DF
_ platf_oim ﬁith respéct_ to North, 6. Thi's heading may be derived
s . by any_.' heading éet;ébr_ tfor eigample, a magnetic compass or a gyro
compass) provided the value 6 is available as an output to the
data processor 3. ' ' '
The data processor combines the bearing output from the
DF receiver, ¢, with ‘the heading device output, 8, to form the
azimoth to the target from the DF antenna, ‘Y. as



I nformation t. This information is passed to the data processor 3. An

aut omati c headi ng device 4 gives the heading of the DF platformw th

respect to North,[err]. This heading may be derived by any headi ng sensor

“(for exanple, a magnetic corrpass or a gyro conpass) provided the val ue

[err]is avail able as an outgp $ Uhegdata processor 3. The-data processor
conbi nes the bearing out put fromthe DF receiver, [err], with the heading

devi ce output, [err] to formthe azinmuth to the target fromthe DF ant enna, A
[err] as - 2 - [ er rfhiEhcontiarbiomahd meastrament (precess iprdonessn ireatione in -
real tinme. In aggordance with this invention, an automatic |ocation device ..
5 provides the ¥¥--tine location of the DF antenna in terns of suitable -7 F%
co-ordinates (x, y); fbr acrexdsinge wittbsthisajhvensiche an| antiomatic &ﬁ@aﬂl@ngl _-ude‘*v/[

or grid co-ordi gal&s 5 :W@aé&%ﬁélfaazdﬂw@oea%é JOknE D RhtRank 6 PAS

any form of radi onawg lon system_inertial navigators or other.ne ns -

provi ded an out beXmSoP Fﬁiﬁ-ﬁ?b’fﬁncps"@&&ﬁ%l(é' i 598 expyRie. §hASe| BN ,
co-ordi nates ar gjiedVisetule édaeléiigtﬂuaé Qﬁegﬁm cE-ordihates. rreemurl ng devr ce

D, oY be used OPL ATl danteb ol A hERRIS, B etk B BRT R gRoCT el
out put of the trmo"ﬁavmiﬁlenmew dmes'lsm‘l Bavifiatots urrrg:hée\meansnay derive
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obtai ns the inf bomanpnncdﬂommsme provided to the data processor 3. .
A time measuring device 6 may be used optionally with the .
system to provide a means of accurately time-stamping information o/
with the time T. The t1m1ng device provides an output of the
time T to the data processor 3
The timing device may denve its time from the location
device in some circumstances (for example if the Global

Pos1t10mng System is used for locatiom).
_ The data processor 3 obtains the mformation from the DF
receiver, the automatic heading device, the automatlc location
dev1ce and optionally the time device and provides an output in
real-tme of the DF azmnth "/ and other relevant DF parameters
such as signal strength s, and time of arrival information t. Im
additiqn the output él’so contains the §osi'tion information (x, y)
obtained at the same time as the DF information. The output also o
may contain the time informatlon T to determine when the DF
information was gathered. Othenuse the tme of gathermg is
derived from the time when the data is output from the data
processor. The output from the data processoi' is transmitted to
~ the control point via a commun1cat10ns link 7
The overall system confxguratmn is shown 1n Figure 4.
2 number of recelvmg stations 10 send thelr PF data to
the control pomt 11. Information from at least two stations is
necessary to compute a target positiom. = B é
The information from the stations about the target is of
the form: |



receiver, the automatic headi ng device, the automatic |ocation device and
optioenally the tinme device and provides an ‘output in real-tinme of the DF
azimuth[err] , and other rel evant DF paraneters such as signal strength s,
and time of arrival information t. In addition the output also contains the
posi ti-on information g ¥) ObiAfes fbm!Azetdily LidoRSt tBerd¥get,
i nfof mati on. The outp t al so may contaln the trne m?ormatlon
‘det er mi ne when the DF (®.Giint?ositigns ofarereising eEddoRi se the t | rre of
gathering is derived fgomit he g FREaRRiéde data is output fromthe data
i rocessor. The out put fromthf data processor is transmtted to the

jtroly point via a co ni catt’®¥s |ink 7. The overall system configuration

-'show% in Figure 42 ~A nunber of recel ving stations 10 send their DF data
t'o t he ontr ol point 11. fr ns |

necessary to conpute a tar &5%;% %1&9%’? ?infécl)l?%?clegn gﬁétﬁ?ggs?r}ti ons
~about the target i sa@rﬂﬁéﬁm atsthe insYapt rqf measmnmnhn taxgetrsigoli ng
station i to targetang ’éhe Yk ma RS Y | QeCh1 doPkidnh Qﬂt%hi‘tié%’iani er«:BLveani:al

information. Ti Ti me. Because the_positions of the receiving statlons
are accurately knowt¥ Zechnigues aaynbe @P@Hﬁ-‘%ﬁgt% pasijdenshasgdinesngot he

azinmuths [err]  arégeteshidd e ﬁrgéﬂq;osiﬂﬁnant conventi onal DF techniques
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dynani cal |y, as carchahnge dynsemicaldpt s cam dlsbhmeDﬁrmﬂ:m of theeDHositi ons

ar e\\r;easur ed directliyegngd t h?h@%@%ns are measured directly and the antenna
orientation is compensated for using information from the
real-time heading device.

The position information about the target is computable
at the control point whenever the target is transmitting whether
the receiving stations are either in motion or stationmary. The
present system therefore also removes the need to perform a
separate accurate survey of the DF recexver pos1tion and
orientation.

L2,



orientation is conpensated for using information fr'om t he real'-ti ne.‘headi ng
device. The position information about the target | . -abte at . t'he-

control point whenever the target is transmtting vvhet her eiving '
stations are either in notion or stationary. The m g@ herefore
al so renoves the need to performa separate accu m\ t*

recei ver position and orientation 3 CLAI VB

M S * 1. A nobile or transp'OT‘FT:\%I e direction finding recel Vi ng

station, conprising a DF receiver with directional antenna for determ n| ng ' :@‘;
the direction of the 5 A tebik¢ omn trehspovrable tdigebDEioncfinding an -
automatic headk@&ﬁﬁ%é%ﬁa@&oﬁ“&@ﬁb&&fs‘l Lopr Chaddeer Bithe receiver i b
orientation, aut omat i.c | catlo El&elce for deterr&nl ng mﬁteal-tme‘..-;_he i
posi tion of th 1&"5’6‘8@]\/@? CEEPLRIRA TS (IRGCERER R R vl ~
position &nd 1bargetfigy rmtlﬁéhonomé?hﬂ B raceteyetapostemdbiceo a control” .
point. 2. headihd Qiertitengodt Gdnpuhsatingdfog ditarjeadi Ahlthéurt her
comprising a t&é@\ﬂ#@%ﬁf%le%tauon, an ‘AutBRELYL nﬂ:t%t%.toéxoaegfé;%rfjédpg to claim
stat an

1 or 2, 15 e recei on 1S vehi cl e.
4. A t SPERFMIBiRK .1ﬁgr§§%rmec S POPRELSR Rfuthe; PY: BPcevat ons
accordi ng to chnd mdan for Bransmimcingd the BF costeiolerpposttiveerand

conput at igns Oinféﬁﬂééldep%ohbeﬂnﬁige &{é taB&éE%é‘”ﬂjcloi to a cont¥bBYystem

according to claim4, in WhIC
point.

2. A receiving stétion'according to claim 1, \.)
further comprising a time device.

3. A receiving station according to claim 1 or 2,
15 in which the receiving station is mounted on a land

vehicle.

4. A target tracking sYstem comprising a plurality

of stations according to claim 1, 2 or 3, connected to a
control point where computations of target position are |
20 performed.

5. A system according to claim 4, in which the
control point is integrated with one of the receiving -
stations. \w’

6. A system according to claims 4 or 5, in which
25 target positions can be calculated when the receiver
stations are moving.

7. A system according to claims 4 or 5, in which

target positions can be calculated when the receiver L)

stations are stationary and have not been separately
30 surveyed in position and orientation.



co'n_.trol'-.,poi nt is integrated with one of the recei ving-stat+ens.—6..._ .- "

A system according to clains 4 or 5, i'n wiich et positions can be
calcul ated when the receiver stations are novi ng jMﬂ“’"Ji‘"ﬂ! ﬂmﬁ
according to claims 4 or 5 in which target positi ted

when the receiver stations are stati onary and have not been separ at el y 30
surveyed in position and orientati on - 8. A met hod of
p

tracking a transnmtting target heueof ural ity .of

fvtransportabl e difection fi rfg WP %‘ %%ltné’t Tanymi Rhoh 8 %% FEE8T vi ng
‘station provides mamasuoérmhlraiﬁWapgemolpﬂﬁ nronraaspormeaéeeepieen by

{ utomatically detﬁh@lﬁbnﬂeéé‘ﬁviﬂgsts%ai:%ﬁgpslﬂ addlchoBacdlh magiiviagei vi ng

ekt oot oo oposb 0k BESEaL CRRRLCEANL o BaRLoCIEARLIGR =, [ 1e

¥csi ving. statior acco ing t0 i nél udi ng 10
r ecei vi ng stat i orshagacsarized fuRuEeraRicahly Wetegmining (the A tar get
. tracking system siitlanBhhabhy Bcdtdoni of desch ireegivind sedtdiends to Fi gures

3 and 4 of the drawiNQSme v fieans of an electronic location device at the

rece1v1ng _stat ion.

9. : A method according to claim 8, including
10 receiving stations which are mounted on land vehicles.
b 10. A target tracking system substantially as

herein described with reference to Figures 3 and 4 of the

drawings.



