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pfesent invention relates to inprovenents in or relating to object

"l ocatibn. 5 There are several techniques which can be utilised to |ocate

the position of an object relative to a reference point, for exanple, the
position of an aircraft with respect -tjo-one of.a plurality of sites. One
such technique is described in GB-B-2 250 154. In GB-B-2 250 154, an
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receiver an auxilirary receivers are precisely located with
respect to one another for receiving signals froman object. The signals
received at the receivers fromthe object conprise secondary surveill ance

radar (SSR) gef‘ﬂﬁ@?%%eh)l’ iHvéntidh eelatesTRCImpProviemeaity inforaelatitig te object

synchroni sed with tespect to a signal sent” fromthe reference 15 receiver
so that gpeqfiBHt ati on device associated with the reference receiver can
determ ne the precise |ocation of the object fromsignals received at all

the receivers. TRefehirg seyvetatechhiyuesiwhivhosan be atilzedaodoeatd thest t hree
other auxiliary receivers are required to generate four sinultaneous

equat i onspositibfilofoareobjdct eelabivet foea eefeperice poimt dfori exeamplep the positidieof
position of the 20 object in three dinensions and the distance the object

i s from thealref&t oricle respevtity one SRplurality of sites. Gneshctechmagheosii sat i on
between the reference receiver site and the auxiliary receiver sites. Each

“auxi | i ar ydegeibedin GB-B-2250184s an atonic clock for driving a free
runni ng counter which is read on -25 reception of an SSR signal transmtted
thereto from t hin GB-8-21250 18deanabjest locatibneystem is deserdbedjirsvhicbant i on
system described in GB-B-2 250 154, it s necessary for_each auxiliary
recei Mpr midstertar referenzedieceiver anidne phirality bf auxiliary receivers are
precisely located with respect to one another for receiving signals from an
object. The signals received at the receivers from the object comprise
secondary surveillance radar (SSR) generated by the object. Each auxiliary
receiver is synchronised with respect to a signal sent from the reference
15 receiver sothata computation device associated with the reference receiver
| can determine the precise location of the object from signals received at all
the receivers. In this system, the reference receiver and at least three other
auxiliary receivers are required to generate four simultaneous equations
which are solved by the computation device to provide the position of the
20 object in three dimensions and the distance the object is from the reference
Teceiver.
SSR is also used to effect synchronisation between the reference
receiver site and the auxiliary receiver sites. Each auxiliary receiver site
utilises an atomic clock for driving a free running counter which is read on
25  reception of an SSR signal transmitted thereto from the reference receiver

site. However, in the object location system described in GB-B-2 250 154, it

is necessary for each auxiliary receiver site to have a direct ‘line of sight’



0 7 OGT 2003 -2- with the naster or reference receiver site so that tHel 0CT 2003
tifmng signals can be received. Another technique for providing
synchroni sati on between the reference receiver and the auxiliary receivers
disclosed in GB-B-2 250 154 5 utilises the global positioning system (GPS),
GPS being used at each receiver site to provide both accurate |ocation and
intersite clock synchronisation. It is _therefore an object of the present

i nvention to provide an object |ocation system which does not have the

di sadvant awith thierhhste 6r 20RYEnce ° iih one aspeci of the
present invention, there is 10 p#%&?&déglga#gwaﬁﬁ%ﬁlgﬂef&% bosi tion
of an obj eetemeidch provi des identifying signals using a receiver array
conprising a reference receiver site and at |east three auxiliary receiver

ites, the nethoiine beh -0f, i vi the identifyin
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signals and the timng reference signal at smtting

data signals tolt hetheetforenncobjesebf fie 'ésénf‘ﬁi\%ﬂrl%\&/ﬁro %@i&géﬁ\é«i’jg& t he
e :

determned tine differences at "each auxiliary recel
cal cul at i Agcatien system which dose nobhask tHe idishd Aiht Lo 29
signals and the tinme difference determ ned at ‘{Aﬁ%ﬁ% efereﬁ@gg‘?gggi%ser site.

ject which provides
identifying signals using a recejver array comprising a reference receiver site
and at least three auxiliary receiver sites, the method comprising the steps of:-
receiving the identifying signals from the object at each receiver site;
receiving signals from a global navigation system at each receiver site
15  and using the received signals for providing timing signals;
providing a clock at each receiver site for providing clock signals;
'combining the timing signals with the clock signals to provide a
timing reference signal at each receiver site;
determining the time difference between receiving the identifying
20  signals and the timing reference signal at each receiver site;
transmitting data signals to the reference receiver site which are
indicative of the determined time differences at each auxiliary receiver site;
and
calculating the position of the object using the transmitted data
25  signals and the time difference determined at the reference receiver site.
By the term ‘line of sight’ is meant a direct line between the two

points without the presence of any obstacles.



0 7 OGT 2003 -3- In accordance with anot her aspect of the present 07 0CT 2003
I avention, there is provided apparatus for |ocating an object producing
identifying signals, the apparatus conprising: a receiver array conprising

a reference receiver site and at least three 5 auxiliary receiver sites;
first receiver neans at each receiver site for receiving the identifying
signals fromthe object; second receivery means at each receiver site for
receiving timing signals froma global "havigation system 10 cl ock neans
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means and i[giarﬁﬁm\ﬂdih -1me 15 difference rreasur errent fromthe received
si gnal s; control hean$ at the reference receiver site for receiving
data signals frmcbmrw tgﬁ? ca |ve%thet|me
di fference neasurenment si g)tlal s éetegﬁ\iﬁ{égé#lélgfcea%n‘%r d aplesstthuesy t he
dat a sBgnaiuxilinngrsdedvervditdy;t he tine difference neasurenent fromthe
ref erence recei \;_er 20 site to provi de a determ nation of the | ocation of
the object. For a‘sbﬁdaé?eﬂiﬂﬁﬁhﬁéﬂ&ﬁ‘ﬂe v oersl% L ef erence
will now be nade, by way of exanple on y,éﬂsi e a?f%:%)r]rﬁ‘aﬁ@? ‘Eelﬁ’rf M&gs in
whi ch: Fi gigeals fr(hmuhbrcﬂieet a schematic di agram of an object |ocation
system 25 in accordjnce W|th the present invention; and Figure 2
illustrates a bisocémdr ® I lect.. ation
1 ustrates a bisoce eqpiver reads 8 @AEN PecdilbRsitd Fo e RS timbh

signals from a global navigation system;

10 clock means at each receiver site for generating clock signals;

combining means at each receiver site for combining the timing
signals and clock signals to provide a tirning reference signal;

Processing means at each receiver site for receiving signals from the
first receiver means and the combining means and for providing a time

15  difference measurement from the received signals; and

control means at the reference receiver site for receiving data signals
from the auxiliary receiver sites indicative of the time difference
measurement signals determined thereat, and for processing the data signals
together with the time difference measurement from the reference receiver

20  site to provide a determination of the location of the object.

For a better understanding of the present invention, reference will
now be made, by way of example only, to the accompanying drawings in
which:-

Figure 1 illustrates a schematic diagram of an object Jocation system

25 in accordance with the present invention; and

Figure 2 illustrates a block diagram of a receiver site in the object
location system of Figure 1.



07 00r1003 _4_ Although the present invention will be described wt hU7UCTJUUJ
reference to height location of an aircraft, it will readily be appreciate
‘that the invention can be utilised to deternmine the |ocation of any object
whi ch produces an identifying signal. 5 Moreover, it will be appreciated

~ that although the present invention wjl be described using the gl obal

]E)osi tioni Ing sylst emI (GPS), any gl oba: n vi gati on system and augment ations,
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ter o0ehaftedlioh S k] ATHRRLALGHE or ERMEble, HEHE) RadfBBi@ Gclite
in the a_rgg#sﬁgtwégzdwb??lgﬁgﬁﬁehwd.ng signal for-the aircraft 10. :

Al ternati can an’identifying signal as a series of
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sites 22,
an aircraft, is to be determined using a receiver array 20 indicated by dotted

lines. Although the recetver array is shown having a rectangular
configuration, this is not essential to the invention and the receiver array may
comprise any suitable configuration. An optimum receiver geometry may be
15 determined for aircraft concentrated within a specified volume of space. The
optimum geometry corresponds to the combination of minimum height
vector, defining the relationship between time measu:cmént error and object
positional error. |
The aircraft 10 includes a secondary surveillance radar (SSR) system
20  which can be interrogated by a signal from the ground, namely, from a
separate interrogétor (not shown) or from one of the receiver sites 22, 24, 26,
28 1n the array 20 to produce an identifying signal for the éu'rcraﬂ 10.
Alternatively, the SSR can transmit an identifying signal as a series of pulses.
It will be appreciated that the present invention only requires that the aircraft
25 provide some form of identifying signal and the form of the signal is
immaterial.
The receiver array 20 comprises four receiver sites 22, 24, 26, 28.

This is the minimum number of receiver sites which are required to determine



This i,s the mini mum nunber of receiver sites which are required to 07 0CT 2003
déetermne O7 OC T 2003 -5- the location of an aircraft. It nmay be

‘necessary to use nore than four receiver sites to namintain adequate

coverage and positional accuracy over an extended volume of space. In the
array 20, receiver site 22 is designated as a reference receiver site and
the other receiver sites 24, 26, 28 as Tauxiliary receiver sites, 5 but it

ot or encdrpdoepyaf of Aot oy ey b Sectih iy b i FORE fefioer.
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The. dat a RERREr 56 afEthERngf thEFREF SIS 24508, 28 WA iptY oV IR e
Fecer vor Rk 15 Bo ot (hE AFT6T NP oy Dol RS frfbmfl AT, e
aircraft &QeﬁcglféﬁéﬁvﬁQFﬁ?hby dotted lines 42, 44, 46, 48 respectively. It

w | be appreci etime it takes for the signal to reach each
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one ofq r gk ef@:rfgge}d 8% otfer ﬁfeanggstigﬁfggﬂwediiﬂ defail Betowwe 1 may conprise

receiver site recei ver . there is provided a comunications
interface 110 fRefiteRut fesiver §aé 22 isitonhedted id'the auxiliary receiver sites

24, 26, 28 by respective data links 34, 36, 38 as shown. The data links 34,

36, 38 transfer data between the reference site and the auxiliary sites as will
be described in more detail later.
15 Each receiver site 22, 24, 26, 28 in the array 20 receives the signal
from the aircraft 10 as illustrated by dotted lines 42, 44, 46, 48 respectively.
It will be appreciated that the time it takes for the signal to reach each
receiver site 22, 24, 26, 28 is different due to the differences in location of
each site. Each receiver site 22, 24, 26, 28 also receives a global positioning
20  system (GPS) signal from a GPS satellite 50 as indicated by chain lines 52,
54, 56, 58 respectively. The GPS signal is used as a timing signal at each
receiver site.
Referring now also to Figure 2, a receiver site 100 is shown in the
form of a block diagram. Any one of receiver sites 22, 24, 26, 28 shown in
25  Figure 1 may comprise receiver site 100. At receiver site 100, there'is
provided a communications interface 110 for providing a data link 120 with
each of the auxiliary receiver sites 24, 26, 28, if the receiver site is the

reference site 22, or with the reference receiver site 22 if the receiver site is



each qf the auxiliary receiver sites 24, 26, 28, if the receiver sitd7§CT 2003
the .reference site 22, or with the reference receiver site 22 if the
‘receiver siteis 0 7.0C T 2003 -6- an auxiliary receiver site 24, 26, 28.
For sinmplicity, the receiver site 100 will be described as being an
auxiliary receiver site. The receiver sgte 100 al so conprises a GPS

receiver 130 having an antenna 140, a clock 150, a conbining unit 160, a
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the comughieahh dinterface 110 and allows for data transfer bet ween t he
measur enent contro system 180 and communi cations interface. The |ink 220

I t | system
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: 190 via link 230, and also to the measurement control system 180-via a link
220. Link 210 comprises a uni-directional link and operates to transmit an
enable signal for the GPS receiver 130 from the reference receiver site 22.
Link 220 comprises a bi-directional link which connects the measurement
15 control system 180 to the communications interface 110 and allows for data
transfer between the measurement control system 180 and communications
interface. The link 220 also serves to provide an enable signal for the
measurement control system 180 as will be described in more detail below.
Link 120 comprises a bi-directional link for both receiving data from and
20 transmitting data to the reference receiver site 22.
As shown in Figure 2, a connection 230 is also provided between the
communications interface 110 and the SSR receiver 190 for providing an
enable signal for the receiver 190.
GPS receiver 130 and clock 150 are both connected to the combining
25 - unit 160 by means of respective connections 240; 250. The output from the
combining unit 160 is connected to the timing interval counter 170 via

connection 260 and to the measurement control system 180 via connection



combining unit 160 is connected to the timing interval counter 170 v0& OCT 2003
connection 260 and to the neasurenent control system 180 via connection 0 7
“OCT 2003 -7- 270. The timng interval counter 170 is also connected to the
measurenent control system 180 via a connection 280. The operation of the
obj ect | ocation systemin accordance wi4h the present invention will now
be described in nore detail. 5 The reference receiver site 22 transnits a

[ | al .links 34 . 36, 38 . h of th ol ' [
2426, 25t B aniths ey caringgh Lo i BRS Sonatied 1 the BishsbFEBRHE" o |
initiate neasyre ntﬁ the tinme for FBe SSR signal fromthe aircraft 10
to reach % ”EPTIQ %ﬂaeac?ﬂjéegtil%g on each data link 34, 36, 38
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180 on.  onto the GPS receiver 130 via link 210 and onto the SSR receiver 190 via
link 230 and onto measurement control system 180 via link 220. The GPS
receiver 130, once enabled, receives a signal from a GPS satellite (not
shown) via its antenna 140 and supplies a timing signal to the combining unit
15 160 via connection 240. Clock 150, which comprises a high precision clock
oscillator, provides clock signals to the combining unit 160 via connection
250.
In the combining unit 160, the timing signals received from the GPS
receiver 130 and the clock signals from the clock 150 are combined to
20 provide a precise clock reference signal. This clock reference signal is
supplied to the time interval counter 170 and to the measurement control
system 180 via respective connections 260 and 270 respectively. The clock
reference signal on connection 260 provides trigger pulses to the time
interval counter 170 which operates to generate a count indicative of the time
25 from initiation and supplies it to the measurement control system 180 on
connection 280. The measurement control system 150 also receives the clock
reference signal as trigger pulses on connection 270 from the combining unit
160.



connection 280. The neasurenent control system 150 also receives the ¢ §§72%3
reference signal as trigger pul ses on connection 270 fromthe conblnlng
“unit 160. 0 7 OCT 2003 . -8 Wen a signal is received by the SSR receiver
190 via its antenna 200 fromthe aircraft 10, the neasurenent control

system 180 receives a signal on conne%tlon 290 fromthe SSR receiver 190

and the tine currently on the tinme interval counter 170 Is stored in the
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obt ai ned rence receiver si provide an indication of
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22. As th present 1 nvention ut ses GPS to establish an

accuny e fok'piiifiRsldiid'the fefeféhdcreRiveb e 229 likr1201ere to be a “line

The combining unit-160 operates to provide the clock reference signal

which counteracts any frequency drift in the clock 150 thereby providing
long term stability.
At the reference receiver site 22, data signals from each of the
15 auxiliary receiver sites 24, 26, 28 relating to the time difference
measurements between the timing reference signal and the SSR signal
received at each auxiliary receiver site are received. The measurement
control system 180 of the reference receiver site 22 then processes the data
signals from auxiliary receiver sites 24, 26, 28 and the time difference
20 measurement obtained at the reference receiver site itself to provide an
indication of the location of the aircraft 10 relative to the reference receiver
site 22.
As the method of the present invention utilises GPS to establish an
accurate reference timing, there is no requirement for there to be a ‘line of
25  sight’ between the receiver sites in the receiver array. The receiver sites may
be chosen to correspond to existing air traffic control centres. Each receiver
may also comprise a mobile installation which facilitates re-configuration of

the receiver array in accordance with changes in aircraft routing.



25 sight' between the receiver sites in the receiver array. The recei Wet0CT 2003
sites may: be chosen to correspond to existing air traffic control centres.
Each receiver may also conprise a nobile installation which facilitates
re-configuration of the receiver array in accordance with changes in
aircraft routing. 070CT2003 -9 CLAIMS: 1. A nethod of |ocating the position
of an object which provides identifyi ngy signals using a receiver array
conprising a reference receiver site and at |east three auxiliary receiver
sites, theCIAINIKS:conprising the steps of: receiving the identifying
signals fromthe object at each receiver site; receiving signals froma

gl obal navigation system at each receiver site and using the received
signals for providing timng signals; providing a clock at each receiver

site for plovidi Agnethrkofldaging, i i 440G signal,s with the

cl ock si Q%IES i}ﬁo provi de a tiﬁmhgn%]eﬁefer%(g’gaé%%{wghegpm& ver site;

det erm ni ntifiging siendls dgnence L\l i dentifying .signals

and the tining rlg‘gesrmglr}ce si g%al gte eacﬁ r)recel %ﬂie‘lrs%ég&eir%i%esm%w‘%gﬂ ta

signal s t cndhat leastthree auxdtaiyeteeritdh] fa Rbfhod OGRS bl b8 of:-
Vertsirer iy -

determned tine differences at each auxiliary recei

cal cul ating the lpoeiwiilgmhoidéﬂtﬁ’yﬁl? e@al@ﬂ%tﬁ%%&%%&&ﬁ%%ﬁgr sigé;gnal S

and the tine difference deternmned at the reference recerver

Apparatus for | degeivagg sigmds dimpr gldbal navighen g;bété]ﬂ atiedRRSeceiv e site

appar at us co&‘rpr_l sing a receiver array conprising & reference recel V& ®site

and at | ed0 BHingdheaegeivedrsignalsdor proeidies tirhind! sipRERE ver means at each

receiver site for receiving the identifying signals fromthe object;
providing a clock at each receiver site for providing clock signals;

combining the timing signals with the clock signals to provide a
timing reference signal at each receiver site;

determining the time difference between receiving the identifying
signals and the timing reference signal at each receiver site;

transmitting data signals to the reference receiver site which are

indicative of the determined time differences at each auxiliary receiver site;

L]

and

calculating the position of the object using the transmitted data

signals and the time difference determined at the reference receiver site.

2. Apparatus for locating an object prodocing identifying signals, the
apparatus comprising:-

a Teceiver array comprising a reference receiver site and at least three

auxiliary receiver sites;

first receiver means at each receiver site for receiving the identifying
signals from the object;



0 7 OCT 2003 -10 second receiver neans at each receiver site for recqjybﬂgzma
tkmng signals froma global navigation system clock neans at each

receiver site for generating clock signals; conbining neans at each

receiver site for conbining the timng signals and clock signals to

provide a timng reference signal; processing neans at each receiver site

for receiving signals fromthe first r I ver means and the conbi ning

means and for providing a tinme difference neasurement fromthe received
signals; and control means at the reference receiver site for receiving

data signals from the auxiliary receiver sites indicative of the tine

I e o R e T s e
reference siaRily €fom 9 s18bhPn V8% ermnation of the |ocation of the
obj ect. 3. Apparatus agg:cor | nd%tgggglsils%%’ wherein the identifying signals

from the object cheimeass g@gﬁ]pﬁc\éi‘;éfrégg #&gg&ﬁgé&ggﬁoﬁég%gnal s and

the first receiver nmeans conprises a s according
to claim2 or 3, coinbiging fB&n$ hOSICHRRR rcﬁ?f ses a i .eci si on cl ock
oscillator. 5. Apparat ug according to cf‘éﬁ m Cgirr - méw{‘ﬁgﬂﬁr ocessi ng
means conpignadsand clogkesionhRy ro‘i/?&@ Q{mmgzi f%ﬁ% g nt control system
6. Apparatus accor di ng ftoga_ny tgﬁ% o] cPal ns rc?'g ) m'n the processing
means incl udes apromessunigoakandst éditerdcetRerd Gfe fd}txﬁf:éi% eé]gign%ﬁﬁ%%'tﬁeach

auxiliary receiver site and .the reference receiver si
st recerver means and the combining means and for providing a time

difference measurement from the received si gnals; and

control means at the reference receiver site for receiving data signals
from the auxiliary receiver sites indicative of the time difference
measurement signals determined thereat, and for processing the data signals
together with the time difference measurement from the reference receiver

site to provide a determination of the location of the object.

3. Apparatus according to claim 2, wherein the identifying signals from
the object comprise secondary surveillance radar (SSR) signals and the first

receiver means comprises a SSR receiver. |

4, Apparatus according to claim 2 or 3, wherein the clock means

comprises a high precision clock oscillator.

5. Apparatus according to claim 2 or 3, wherein the processing me:ns

comprises, a time interval counter and a measurement control system.

6. Apparatus according to any one of claims 2 to 5, wherein the
processing means includes a communications interface for interfacing

between each auxiliary receiver site and the reference receiver site.



