;e3e\6Tyr -1 DATA COVMUNI CATI ON SYSTEM 5 04 JUL 2002 This i nvention
relates to a systemfor transmtting data, particularly audio and video /;
signal data, to and froma noving object. 10 In order to provide real time
communi cation of audio, video and data ngnaIs bet ween a nnvinjfﬁeb"ngZﬂﬂ@
a fixed ground station, the vehicle may be provided with an antenna for
beam ng a signal to a helicopter |ocated above the car. The helicopter then
rel ays the signal fromthe car to and froma fixed ground statMWMMﬂMﬂmmmmmn
system of conmuni cati ng data between a noving vehicle and a fi

station has been particul ar | pATeOOMMUNIEATENN SYSTENIOr raci ng b@siee
provi de video, audio and data signals fromthe cars and to all ow dat

audio signals to be transnmitted back to the car. Current on- bgmuummﬂm“
use a mcrowave transmtter systemfor 2 0 conmmunication up t

hel i copter. The helicopter then re-transmts a signal on a second *A®®owave
frequency to the fixed |ocation. There are a nunber of drawbacks associ at ed
with such a system |f a car that is providing the signal does not have a
direct Iine of sight to the helicopter, for exanple because of tall trees
or buildings at the side of the track, then the received 04 J UL 2002 -
2 signal may be weak or obscured conpletely. In such a situation, it is
necessary f or the helicopter to remain alnost directly above the vehicle
to muintain a con%hstent contact with th% car. Thi.s égn be.difﬁicuh}, d
particul arly wit h! ASRYSIORFElestRG S¥atem 19K thagsmiitige e, paErulaflygudio an
hel i copter is unable to match the speed of the cars it is 5 attenpting to
fol l ow. Al t evideo sigailydata, he andfrocoptravingebjédty at a greater height to avoid
obj ects com ng between it and the car. However, this again can reduce the
signal quality received by the helicopter due to the increased distance.
This can also lead to problens with air traffic control. A further problem
of using 2 helicopter to relay signals is its dependence upon the weather.
If the mea?her becomes unsuitable for 10 flight then it is not possible to
provi de the signal relaying functjon at all., A further Iimtation of the
use of hel i copt er it §rger fupEgyi egﬂtgﬁapgmpg,urp%opiqﬁap ¥ Gﬁpddﬁt%/%gl&iﬁ
that can be carried to allow the helicopter to remain at its station f or

t he durati orberiveen s anerindSietiitlanhy a fixbé geound statlonytlieatdhiale araytbegravidedt of
power that can be provided for running the radio frequency systens.

with an antenna for beaming a signal to a helicopter located above the car. The
helicopter then relays the signal from the car to and from a fixed ground station.
15 This system of communicating data between a moving vehicle and a fixed ground
station has been particularly useful in the field of motor racing to provide video,
audio and data signals from the cars and to allow data and audio signals to be
transmitted 'back to the car.
Current on-board cameras use a microwave transmitter system for
20 communication up to the helicopter. The helicopter then re-transmits a signal on a
second microwave frequency to the fixed location. -
There are' a number of drawbacks associated with such a system. If a car that
is providing the signal does not have a direct line of sight to the helicopter, for

example because of tall trees or buildings at the side of the track, then the received



15 Therefore, according to the present invention, there is proy ded; B a
communi cation systemincluding: 2 0 a video signal source and ﬁignghittZUUZ
provi ded on a nobile object for generating and transmtting said video
signal on at least a first carrier frequency; at least first and second
receivers for receiving said transmtted video signal on said first carrier
frequency, said first and second receivers having at |east partially 4
July 2002 - 3 overlapping detection areag and being | ocated at spaced
apart locations; a position detector for generating a position signal
indicative of the position of. said nobile object using indications other

t han par anet sgeal ofiayt beeweadcei olsdured demplételyalln anch xsinratien, itas senessagy fogrthe
responsive to said position signal for selecting one of the video signals

recei ved by Baicdpfeatb rafsinsemeRdirRafabststhaRehRltBuYhiinhin 3dbfsisehect ed
signal, said COn?roIIer being |l ocated other than in said nobile object.

According to_the presant inyention there is also,prouvided a t hod of
comuni cat i n%o%a‘i}ivﬁgbaﬁel Bhal eﬁ“ﬂg’é 1cﬁ6wwc@ﬁ1£&1ﬁhﬂxgggpgﬁwlg§§p as

| ocation conprising. transmtting the video signal on a first carrier
frequency fridesmuls Qeewhereshe baliapterrippnabde thinatoh:the spreddif the ears itdast fir st
and second receivers at spaced apart |ocations for receiving the signal
fromthe t5ansmptisy toofolloni. dAkerhstivelarhe delidopeaunndly, atangdedet ksighiniongoide

| ocation of said nobile object using indications other than signal

par anmeters ofy.: Eﬁ&”y I It Lef: I I sl gnal
recei ved by %mgeag?ésal e?lg f é;i% Egﬁ t@%%%hgi&g%‘g%’\e}glrssag%grcg%tﬁ a&%tettg?ﬁggigd
stationary location,.o thﬁ g sis of, the Jocatio f sai d_nobi lﬁ ongct as
det er mi ned | alisy gecsived byrthe belicaperidyg to Feasedristancse nklis rarsalsg fead §o ¢ her
provi des a nethod of establishing a communication systemfor conmunicating
a vi deo si gnadoblemtsvesh air trafbic lcenwb). ed fuphevproblenwbf isizg 4 helisipidrtterrefagr
transmtting the video signal on a first cattier frequency and a stationary

l'ocati on congs b BoksAeplddeatd &p’olrpﬂuerv@éiﬁie\f?'listh%%&éatﬂlﬁ%é&n@s HRLASKIE 75 ar ea

within which The receiver is able to receive the signal fromthe

transmtt n,.said.first carnier freguenc ey the.transmtt¢er is is the
det oct i ot DERE fieB it st e Rible PP praih e Sl Bt e BRR gt b o0
receiver at a first |ocation; calculati ng a distance fromsaid first

| ocation at whi chArferthethimaratipy of thessse of hekigppsers forgelagingsignaiiathe limited
transmtted fromsaid nobile object will cause the received power |evel at

said fast regeowaroftweigitahabeindv arfdédeilemihedmliteptet td entheh bt@s afibi St
detection area; 21-02-2000 . o, . . - 4

for the duration of a race. Similarly, there is a limitation on the amount of power

that can be provided for running the radio frequency systems.

15

Therefore, according to the present invention, there is provided: a
communication system including:
20 a video signal source and transmitter provided on a mobile object for
generating and transmitting said video signal on at least a first carrier frequency;
at least first and second receivers for receiving said transmitted video signal on

said first carrier frequency, said first and second receivers having at least partially



GB 009900590 (T L
determ ning a position for each subsequent receiver by calculating a

di stance at which reflection froma reflecting surface will4cdudse 2A82
recei ved power to drop bel ow said predegernmned level to determne a
detection area and positioning said subsequent receiver at a distance from
the previous receiver such that the detection 5 area of the subsequent
recei ver aveelapping detection laeasi endbbeing tocatedaat spaced epprt kocariomss; r ecei ver to form
a continuous strip within which the signal, fromthe transmtter is

recei vabl e by #posiden detsetor fur generariag aippsition signelindicatjverohithe pasitiarhgl t he
signal recgj ved..by,sai d.at. |.east one recei ver can he provi ded.{ o sai

ot ot onarSid BERIF BHEC S B BoRet Hn e as aB e HONRS TS0 Hah of
sai d nobi} %8?11 ¢t using indications other than paraneters of the received
si gnal arfd CArY™ar and to control switchi ng between receivers on the basis

o,y Sl O o R e A e

swi tching between receivers 1s carr e position of

the nobi | goly Redived b sdid Gieit uBH Secdhl ré@ivieift Glbitiy AlbRlbctd sigial, the
area in which they can receive signals at an acceptable | evel overlaps with

t he receisat comrdllee bemgrlecpahothegtlndjincsdtmebikeobjdde transnmitters on the
mobi | e obj ect may be arranged to be able to transmt on a nupber of

di fferent freqgbeersding toshepresentyinvension thers iy alse prexided & methodehipt ed to
receive on a nupber of, ifferaf t frequeagati' es. The,oper.ati nq frequenci es of
the 2 0 {GomEHIAERSAZiForteRs brearot Siohile Gbicst eAdp PHEBHTIGFTAR by dat a
nessages Csoeggé -g-rom a central location to the noving objects and receiver
stations. xfliq‘l$:equency may be received by a dedicated antenna (i.e. each
recei ver having.j t&x\? : Gk tdLr may
be used with agsirl%%ort gﬁ:’\g?&{‘ﬂ%na%éngi gnal ﬁ%ﬁ%ﬁ%ﬁ%?@g}ﬁﬁgﬁglg@%}rﬁgei ver.
The recei demélilestjecti he wanted frequency in the RF signal. 2 5 The video
signal is preferably transmtted fromthe nobile object to the receivers
usi ng a ni cr onpscyidiag ai keast fiFkt andj secqndafeesiverb gt spacedl #paHocat@misder dat a and . .
roar~rr~r.~ ~rr-r, 04 J UL 2007 - 5, audio sigpals may be nodul at ed
onto t he keceixingshg signaldromythe ssansmister on saidfirsteagrier Fre@BERPd pref er abl y

bet ween 100 and. 40 . _The pregent,. nuant i l.egui k es a_single
frequency to t gﬁwﬁa}‘ﬁag@o& cgﬁ% r%gblt%%r’%cttiugﬁﬁdn&ggtf?lgn"gﬁ%%%%n of the
si gnal asg] }EQEHQ i log ie. System This allows a
doubl i ng ?I%ﬁlatl e nuﬁglgroqgl%@tse?gkgfggéﬁhg{?%ﬁmgg transmtted for a given
nunmber of frequdaeingthe Eigﬁilbeéemﬁd:)y dacofiesid fireeard 206dd fetbivrsfoOoupaeh

y

transmtter is received a receiver at relatively closge rang t he ..
transm ssi said statienary dovatien,roacthe bakis dihe lotation of saidhmobile oBigrheasidetrumained,n, o
be used shidistdpafdeteahinidpet ween anot her transmitter and receiver at a
different location. This is not possible 10 with helicopter based systens
in which all gihe finvention &1l Hirthe? peovided LRABERID SFRckaBRsHIAG ¥ One
transmitter could use a given frequenCy in order to avoid interference.
communication system for communicating a video signal between a mobile object

provided with a transmitter for transmitting the video signal on a first carrier
frequency and a stationary location comprising a plurality of receivers each having a
detection area within which the receiver is able to receive the signal from the
transmitter on said first carrier frequency when the transmitter is in the detection
area, the method comprising the steps of:

placing a first receiver at a first location;

calculating a distance from said first location at which reflection by a reflecting
surface of a signal transmitted from said mobile object will cause the received power
level at said first receiver to drop below a predetermined level to define a first

detection area;



By providing sufficient receivers to ensure that the signal traﬁzi tjﬁﬁm
al ways received by at |east one receiver there is never a break:

t%ﬁa@g_@b@gi on. As the signal is being transmtted substantially hori@sedd00590
along the ground to a trackside 15 regeiver, «trees and buildings. do not
present an obstruction to the signal !path. Thg recgivérs,  aré plrefier abl y
provided in a trackside receiver statioh. Thé&.sthtion*preferabky, i ncl udes
an antenna and optionally additional receivers. 20 A specific enbodi nent of
the present invention will now be descriped by way of exanple with

ref erence to the acconpanying drawi ngs ih Which: Figure 1 shows an exanple
of a layout of receiver stations around a section of 2'1-02-2000 .. :
o deralag R fof G B sautntnssiter tursakisliio diance it
arrangenen j: | ' tQ 5 h ot her an he

eapoct v "aar EARELUEtcEh @b Mial Shflee il ot SERLRRH BouBlle &% e

station tosiilprad¥éimitvel &b ShWing s AERETSH bita bl uliighink Bdar T angement

of one of the receiver stations according to the present 1 Avention; Figure

4 shows a subseqadritaetsivepiat a distirte foing Had preloay ree¥ivbeficRithanhe dbeeiisgnt of
the present invention; Figure 5 shows a schematic exanple of a node used in

the si gnd arealofythe yehisequent Pedeivgn pearl £ vartldth? deteation areaxadnbé presioushe
detection range of .an antenna; and Figure 7.1 to 7.4 are_diagrams referred
to in expl ﬁw‘ffgt%éwmnéowﬁmmiseramm%%mmhaé@ﬂdﬁmgtbetm@mwemion is
set up. Figure ho an exappl e of. a section of racetrack 1 and a
suitable a F%Fh‘@ékesl?%x@easf@%f’ IEEAYS™$ns 2 (referred to herein as

stat | 3p3>eoa;iogggaray@gu@%ﬁgg%g%t@siéx{a?&‘zeitv?d By il P15 Ul QR G EPL T ON
be provided to said stationary location; and
10 providing means to determine the position of said mobile object using
indications other than parameters of the received signal and carrier and to control
switching between receivers on the basis of the determined position.

The present invention is arranged so that switching between receivers is
carried out on the basis of the position of the mobile object. The receivers are

15 preferably arranged so that the area in which they can receive signals at an acceptable
level overlaps with the receiver in the corresponding adjacent area.

The transmitters on the mobile object may be arranged to be able to transmit
on a number of different frequencies. Similarly, the receivers may also be adapted to
receive on a number of different frequencies. The operating frequencies of the

20 transmitters and the receivers are preferably controlled by data messages sent from a
central location to the moving objects and receiver stations. Each frequency may be
received by a dedicated antenna (i.e. each receiver having its own antenna) or a single
antenna and an RF splitter may be used with a proportion of the RF signal being
directed to each receiver. The receiver selects the wanted frequency in the RF signal.

25 The video signal is preferably transmitted from the mobile object to the

receivers using a microwave carrier. This is preferably at 2.5 GHz. Other data and

L N T o N ol NI Tl of



canera in a racing car. The enbodi nent of the present inventiof descrihed
herein relates to a systemfor providing comruni cation of a wﬁéioju&,naﬂﬂ?
froma noving racing car to a fixed | ocation such as an outsi de broadcast
unit. Each station includes at |east one antenna and one receiver. This is
preferably a directional antenna (e.g. 2 0 helix antenna) but nmay be an
omi directional antenna. The dashed lines gn Figure 1 provide as indication
of the detection angle of the antenna on each station 2. n~e~nlnCn Cl -1CGT
04 J UL 2002 The signal received by the antenna is fed to the receiver

in the stati Q{Pdi@:’}fkrntaﬂ‘%ﬂ% B%gﬁ?ﬁﬁtéd)orﬁo(iﬂg'w&% 's%égg%ttgaﬁggﬁgﬁén%%g@r&%”

where the signal ffomo e recelvers Is

appropriate. .The sel ected signal is_t use provi de the output signal

fromthe sysfréﬂ}‘e‘@'g?r ‘Hgblb’rl%‘}éﬁee&fqoggﬂt%&ég@apparent t hat, by

provi ding sufficient stations around the periphery of the track, as the car
travel s around thd&herpaedent heentioe eequirgs ehlyts anglaitetjeehdyyto ttimmsmitra videal ways
recei vabl e by at | east one of the stations. In order to ensure this

continuity 0§i§hﬁ%‘§%ér9_'i's n(')l') R&trfindnFisSOHTBE ﬂﬂ‘éggn?gaé' thé‘gzrsgﬁ SRl QIpréAE Of

one station and its neighbour. This over referably at |east 10 20m

ensures that as theqcary,travel s.from¢the reception,area of, one statipn to
the recepti of‘?’%‘?‘ga%é]ﬁs o sr?e‘g‘fu%é’tnﬁt‘? £ IR, e‘b‘?rs’%?&k‘stg@t ‘iaﬁrb(fﬁfj‘f?sgﬂttﬁc? g%f a
where the video signal transmtted by the car is received by the antennas
of both st at Byas numbes effreguasnsiesi Furihermereehecansethe yeansmyssiantfrorasach om
using the signal fromthe first station to using the signal fromthe next

station. 15 Hagtthitte? iSfovivedib$ alredeiter at Ml RWebf clasesfigd, @he Bhndnisdiag oflpW Ng
the antennas (A2, A3, A4,, etc.) of a nunber of statrons. As the car enters

fromthe rig ' LIt Lt 1. Th enna Az s inptially
receiving t hg&‘.‘stlj‘lg%](:zci];l Ht?; a%@%‘?fsg élc}gglgu%%p‘begrrgqu&g%f ﬁ’gg CaF gébnrl] lezhn 8‘3181¥0 t he
point Pi, the car ent eflrs t he reception, range | th? next antenna A3 at

whi ch poi nt P#HEe§R3RaY ebé‘i“ﬁ@‘“&%ﬁﬁfl recsIvieg dled refy loeatigy. #1565“15’955,@? 2 0
However, the signal being received by AZ is still the one being utilised to
provi de the withphelicsp@gnbhsedAgsteine i avhighad sdégnabolsivieitogo Réa ondbelwppteeand so
switches fromusing the signal fromAZ to using the signal from A3 alt hough

the signal fpaR ddbarGRinitier &uldl bsdLkiNen 18G§GentHdn BYdeddo ahSidliRR rfeRdnceONt | NUES
on through posi'tion P4, antenna AZ eventudlly 0 4 JCL 2002 _a_ becones

unabl e to receivepthe si naslé%fir.omthe car so that %I ant enna. Aa.ié
receiving the sigh¥IPr P S P D ERTPES et p%gi‘?ggaﬁgnﬁ? 1yways
progresses around the track and noves fromthe reception area of one
station to tteseivesby anleastoone reeaiverithenefis never a breaki ingransmisigve sApthesignal a
di stance DZ, D3 or D4 before the car reaches the antenna of

is being transmitted substantially horizontally along the ground to a trackside

15 receiver, trees and buildings do not present an obstruction to the signal path.
The receivers are preferably provided in a trackside receiver station. The

station preferably includes an antenna and optionally additional receivers.

20
A specific embodiment of the present invention will now be described by way
of example with reference to the accompanying drawings in which: -

Figure 1 shows an example of a layout of receiver stations around a section of



5 the station currently providing the video signal which is bei r@l,uuwl_sgggz
This ensures that a good quality signal is still- being received up until -
pheozhopgeover. |f the changeover was del ayed until the car was | eveB GRSPROS90
the antenna, the signal strength recgi,ved by ‘yhe& anieanz.mayssdiop of f
considerably as the car drops out of:thg opti*num r-eg:eé)t_ioc')n- zohe of the
antenna. 10 The exact point at which’ switchf¥i§ t"akes*ptace is’ wery

inportant. If switching occurs too early, e.g. at Pz, the strength of the
signal received by A3 may be weak. As_described above, |eaving sw tching

until too late can result in the signal received by Az being too weak. If

the received signal is weak then the output signal may be distorted or

noi sy. HowpMBirack;0 deternmine the appropriate switching point it is not 15
sufficient to sinply neasure the strength of the signal received by each

recei ver and then select the strongest of those, This can lead 1o a

m Sl eadi ng | ndi A SB7™T RERIEERIUTE ATRRERRFS, O (eI RESHHOMG EEHVE Rl ng
position. One of the reasons for this is interference caused by the

t ransni t t ecachiaghed and thewespgctive sthehing posivionis heti sveitahing fromethelressivey in

reflected off sone other object. This phenonenon, known as multipath, 2 0
resul ts i nopésatlbh €6 theakei ndi rect signals having taken paths of different

|l engths to arrive at the receiver. Depending upon the difference in the

path | engths, t t ignal 5 may. gonstrugtively interdere roviding a

st ronger g'}’si gnal , %lrr\é\gég %ﬂgf&fﬁ%‘:iﬁﬁo & gfhéa arrreaé%%‘flﬁlbt ?ffhoélesdlféﬁ%fecg’tvfléngt h.
Furthernore, as the gar ves, thjs difference 04J UL 20th _ g _

bet ween t h&2paphaqcerygasso ressahHYeAHeRiso t he signal strength may vary

bet ween being very weak and being very strong. This variation nakes it
difficult to us&Figdre4shgwah scieneaigilivoas of tie sglabradgcsisaneof adli cat or  of

whi ch receiver to use for the output signal. 5 The systemof this invention

determ nes, %dﬁﬂﬁt‘%ﬂ&h@éf&sé{:ﬁ@v&ﬁoﬁhange fromone receiver to the next

based upon € position e car rélative to the antenna. This requires
know edge of the,position of the statiops and the car, This can be
determined i .n &IRTRESHOBS amatwynpf}eﬁr%@%,us mthesignglrelay ysieRtie from

the tine keeping system This allows theugositiorl of the cars to be
det er mi ne&d accufaguekey6AQndB show a1 emampliovktherdetaction eangeefannntdnan; ofd
alternative ways of determ ning position. Apart from well-known systens

such as GPS (G gh@lreP05id 7.9 Bt dlag?i s @6lhsred to OMpthiRRg MRS € t0 use a
custom system for providing position information, for exanple by utilising

the statio oth%%gcg#iggg};stt%ﬁgg%o%{qggﬁtﬁp&vg?ﬁggﬁc %f .omthe car. Even where

hi ghly acc 'S not avai e, It is still possible
to 15 interpolate to provide an estimted position, In.a racjng track
situation, the daswerlshomsansruppleniasecionniaassserckilandamyitableed pat hs,

al l owi ng accurate estimation of the car's position. On a racetrack, which
may. be sevarahgimemnafireesiver stagions B ¢refereddi torkereinys sretions) arenndasyclaaay f rom
each other and fromthe controller at the central |ocation. The

15 section of track to provide continuous reception of a video signal from an on-board

camera in a.racing car. The embodiment of the present invention described herein
relates to a system for providing communication of a video signal from a moving
racing car to a fixed location such as an outside broadcast unit. Each station includes
at least one antenna and one receiver. This is preferably a directional antenna (e.g.
20 helix antenna) but may be an omnidirectional antenna. The dashed lines in Figure 1

provide an indication of the detection angle of the antenna on each station 2.

AMENNEN QHEET



2 0 sinplest way of delivering the signals received by the receivers to the
central controller is by directly connecting, e.g. via a cable, {r&hJUL 2002
receiver to the controller. In a notor race, it is desirable to have

caneras on nore than one car. The system can enable a nunber of cars to
provi de video signals, by each car transmtting 04J U 20@ - 10 on a
different frequency. Wiere two or nore cars _are in the reception area of

the sane station, the antenna receives both signals. This system can be
further developed to allow for additional cameras where the nunber of

frequenci es avail gL Bﬁlrre{':é'i @8&' Aerr id felleh e Aleilk ﬁlr}ﬁh‘?taﬁ()ﬁ aﬂdltﬁﬁrge 5
nunber of cars in a r&ce. Furthernore it may be esired to have nmore than
one signal bgi roduced from each .car (e. forward.and rearwgrd views or
2 viow of t IR EY S corfraller g cantrlatrion Fhese the ngral FORABERY BHE channel s
may be required. If the bandwidth available is limted, it is possible to
utilise the raewerfsiesplestatyasftbe nxisyappiroppatey ilhedelpsted sighdniethenomed to This i s
possi ble so long as cars transmtting on the 10 sane frequency are

suf i ci ent | YpdotidB@chS Qb oot 1he sphaihi 08, ik blodilastp the signal from one
car does not pick up a’'significant anbunt of the signal from another car

transmttipg on the ne fre ncy, This,can be. achi eved b nitoriing the
position o? t he cgr I?la ecfp\%lée?’g%%bb}égf%wﬂgg ﬁﬁ‘%f‘ﬁgt gﬁ%nsfarrg %ﬂ:&peﬁp 9
danger of coning clpse enough to interfere with each other the controller
wi T i nst r ucef thasrackaasshe caretravels arpund thesgckithe videagignabtransmipted bythe car
frequency which is not being used by any other car in close proximty or to

stop transm istalwigys rédetvaddsby hleast Bhe bfithd seationsed to determ ne swi tching
bet ween stations nmay be used to determne the allocation of frequencies to

the transmtters. ' : Al f e L r.ound
the track can useIrit éfe Eg%%x%%a}ﬁugﬁ%ﬂlg %f? 5% 8§}sl1 {;ﬁ&fﬁ%‘%ﬁ?%ﬁ%@ﬁnﬁ tglea
consi der abl e, advant age oyver 2 Q the, helicqpter;hased systemthat could only
utilise a siMGPAAYEAAGHPE PR stian g act o TRe st (or et fodsont
invention each transmtter only uses a single frequencg rather than the two
requi red wht20mhenshedsitbapis ehe earstavels frome thoreeegtom dreaobone stamon tathehe

hel i copter and one for the relay to the ground based receiver. - 0o 4 JUL

2002 Havi nQre@eptRiPArdh 8f HRMKE thQ6n 8k WRSHhs@RI ERY ouEE &h Ufda Whdle thevidest r al
controller leads to a | arge nunber of potentially very |ong cabl es between

the receivergs_ a the.central controllef,. Therefore,.dinian altegxpative
enbodi nment Oﬁlgqaﬂgraﬂpxggg )fﬁ‘fecﬁf PG h rbe”]:‘f ane&Wﬁgfdbéa}hc m ‘&‘gi?sme system
to which all receivers are attached. In its 5 sinplest form this conprises
two connect i pRiBt imthigarep,the system syitchesdromasing the signdifrem ahe firtt stagion to
carrying a video signal. These two lines are arranged to connect the

central | ocatisisgtirnigrabfronothementistadon.of nodes. However, instead of the
i ne going fromthe

15 Figure 2 shows a schematic view of a section of a track showing the antennas

(A, A, Ay, etc.) of a number of stations. As the car enters from the right, it first
passes position Py, The antenna A, is initially receiving the signal transmitted by the
car. As the car continues to the point P, the car enters the reception range of the next
antenna A, at which point the signal being output is_received by A; as well as by A,.
20 However, the signal being received by A, is still the one being utilised to provide the
output signal. As the car passes position Py, the system switches from using the signal
from A, to using the signal from A, although the signal from the car is still being

received by A,. As the car continues on through position P,, anterina A, eventually



central location to each node, the lines connect fromthe central |ocation
to the first node and then fromthe first node to the second no éaw Zmz
until the last node 10 which is preferably connected back to the

| ocation to forma ring. Each receiver may have its own node or a node may
be provided for nore than one receiver. For exanple, for a set up
conprising twenty receivers, five nodes nay be provided with four receivers
connected directly to each node. Figure 5 Shows an exanple of a node to
which two receivers in tw stations 15 receiving the signals provided by
antennas A2 and As connected. . As own schematj cal | Figure 5,
signal s from°& %‘Eﬂesr‘t‘-:‘@éfe\f‘é’rre&"éﬁe S&S’ﬁ]ntfef”e e&at sputhat galyjaat S reqeeving
B-line or to neither line (NC). Referring to Figure 2, as the car arrives
at the posit thnsifdalt Ahisswinchling pensdiretiecepbated hetheanr p&gbssexgmtaubthﬂada&y a
AZ which, as is shown in Figure 5, is connected to the A-line. The received

signal is thapdpeses o tle x%céi:tﬁﬁx%eat Sfond fstidd %@%@ﬁt Qs RUEr & fighhe

signal is received at the central |ocation. As the car continues on past
P~2 the signgl_ Lr to.th car ei vable b ndthe

cwi toh in Chd TOBRRIRtE s & g Dy P Rl e e HE rPisbes UBRya of
antenna 3 to the B-line. The received si gnal from A3 is then passed from
node to nodethe statian guremthyproviding thiovideo ignd-whigk is being wtilisedk Tihds ensuares
central |ocation. Thus, between positions PZ and P4 the central |ocation is

provi ded wit hhdt\&(go‘btidﬁﬂh@l gg@ll $s &1f bedspruaeivediup antihthesdhgngdover.cfehyed at
antennas AZ and As. As shown in Figure 4, the central location is provided

with swi tchi ng, ans e NG dpans 1&%{ Pithinl Bieithel3he §1g§ﬁ§#r8§§téled by

provi ded on t i nes acco 0 a co s gn

a controller. In this enbodi ment ntroI ises d nmessages
sent from coﬁ%cred’ledgd{tbﬁ/&%l@n&b&aé{t‘{fﬁa 'é*srr% tLerrrgg@ef P%?étb§el ects
whi ch of the video signals on the A—Ilne and B-line is output. Therefore,
initially, tbptisnfweeptionrbnobithichatemiat ch to provi de an out put signal
fromthe A-line, then as the car passes point P3, 10 the software sends a
nessage tqgthe SWTtlfé*'é%ct%&Mf v@MElI%'&mEth% gﬂée lsovel*?ﬁnﬁbﬁ&?t' IP?dvRthg

received on the B-line (i.e. that receive nt enna ‘A3)

synchroni sers _are. e sure the ses 0 e video signgls
o Che A 1 nBeGiig e Frfta S & Bio PR BB oA LR b Mﬁ% RS he
sw t cher malts unt|I the _next vertical Qlanking interval of the current

vi deo si gnal dessaibed abowen lestingsmatshing wisd o fase gan femalt mhersgmabreacpived by
vice versa. In order to avoid inmage distortion, such as frane roll, when
swi t chi ng befybeingttbe wedajn & thequdepred sigﬁabhevdakehén/dre cﬂﬂplulid‘i@mﬂlmﬁty,bea frame
menory may be enpl oyed. The use of a frame nenory avoi ds any probl ens due

to the f

L0 he L1 STkl b o SRS AR SRRSO ik b |
th f th de to wh t I t A2 f
A AR ST NE T I A

recei ved by

then select t_he strongest of those. This can lead to a misleading indication of the best
signal and hence the wrong switching position. One of the reasons for this is
interference caused by the transmitted signal arriving at the antenna indirectly, i.e.
having reflected off some other object. This phenomenon, known as multipath,

20 results in the direct and indirect signals having taken paths of different lengths to
arrive at the receiver. Depending upon the difference in the path lengths, the two
signals may constructively interfere, providing a stronger signal, or destructively

interfere reducing the signal strength. Furthermore, as the car moves, this difference



A, to the A-line so that both the A-line and the B-line are relaying
signal s recei ved 04J UL 2002 - 13 fromthe car. Again, at e
appropriate tine, the software sends a nessage to the sw tcher D&#MUL 2007
central location to switch fromoutputting the signal on the B-line to
outputting the signal on the A-line (which corresponds to the signal
received by A~). This process is repeated as the car continues around the
track with the A-line and B 5 |ine aIterha?iT/er provi di ng the out put
signal. , The exact timng of the disconnection of one receiver (e.g. A2)
and the connection of tg_‘e next receiver tp the sane line (eg A4) is not
essential as PebReEndde PRE lepgihamaythangg and spthiesignal stisagHymayivars BeFversr
exanpl e, the disconnection of Al fromthe A-line nay be as soon as the

si gnal recei bethgwerpweak ahd beingalerpstrong. s veristedrapalesindiffictlo eo isenheat
which the signal fromA~ is 10 sufficiently strong. Figure 5 indicates that
once the RF gj g;,?g.‘ i hli ol : s(ﬁgﬁgld

vi deo si gnal .§1g%he IA I ng@%%&%%g&%_ﬁﬁdﬁ%cgtﬁé%f ﬁ)g?cre%%?ee@%e%sgrflgreﬁ? of " t he
recei ved fre%uegty and hence can be used to provide transm ssion of video
signals from t han one car. However, the A/B Line pair are only capable
of 15 transmtting the two video signals required when follow ng a single
car around % he trgﬂlﬁsy‘ﬂmsof tihis ioveretrort detembimesithe appropraatptiss toi dhiange frbm
following two different cars around the track, a separate pair of lines

e.g. a Clinenanecelrer tdehCRekt BRscdNPOndBE podidh bf theGawaaitd Heldntddia, pai r
are i ndependent of frequency they cCcan be used in the transm ssion of video

bi ctures 11 0Rua, AL L QIS LL BP0 AR I IRALSAGY, 2001 LB Vg SREGL | ed

receiving ba ond ¢ may ransmtting on € saire frequency as
the car being followed by the B-line pair. However the ca e required
Lo be at di f Peresminedyaa ReRberalavaTs. (hea erceirarle Gath A eeh@faizhaépglr@ﬁs
reaching the receiver fromthe two cars do not interfere with each other.

~ ~r J UL 262 keeping sistem.t Thisatldivsichepasitien bf thelcarserofii deseralihedvaccarately
increase in the systemcapacity by one car. Further pairs (E/F-line, etc.)

nay also 49 adefbn b AN A% JHRLASH kil O igs LPLkoMeghiAr ound the

track. It is ver, sti possibl'e to have severa s transmtling at
the same tine around the trac i t hout having a D-l.i ne system
01 5 hovevePosHey. ddt o velfapiy Trenssuit GPSICH BrtngeE Faetat o
time with the signals received by other antennas from other cars not being
connect ed t oitweuld by pasibletosise Alcugomatyistest for providing pesttton uiformatien, fane
frequency becone too close to each other on the track then one of these
cars coul d bexsfiple By WiltshinoehelstatDAs BiEndelves i déteaniwiths didtanke Gpme fee/cart hus

avoi di ng i nterference.
Even where highly accurate position information is not available, it is still possible to
15 interpolate to provide an estimated position. In a racing track situation, the cars
follow fairly predictable position and speed paths, allowing accurate estimation of the
car’s position.
On a racetrack, which may be several kilometres long, the stations may be a
long way away from each other and from the controller at the central location. The
20 simplest way of delivering the signals received by the receivers to the central
controller is by directly connecting, e.g. via a cable, each receiver to the controller,

In a motor race, it is desirable to have cameras on more than one car. The

system can enable a number of cars to provide video signals, by each car transmitting



In an alternative enbodi nent of the present invention the receivegrs
connected to a network (e.g. LAN). The network may link all the ﬁdpqi&ér%ﬁﬂz
or just a proportion of themin conjunction with other networks. In this

way, the central controller can instruct which receivers should send their
received signals. 15 The | ayout of the receiver stations around the track
requires careful planning to provide the required coverage with the optinum
nunber of stations. In theory it would belossible to sinply place a |arge
nunber of stations at regular intervals around the track to ensure that the
si gnal transnitte? by the car can be detected by at |east one of them at

al | posi ti on@n afiifeseat freguencyioWihese twe g mage cary 8ta injthe respees aea®f ghrer
problens into the system |f stations are placed too close together then,
apart from tsamesintes shadntemitietéioeboth 8fghalef having nore stations than
necessary, the conmplexity of the swtching and controlling systemis

| ner eased becauserhig, kaiah Hp/ioAhe: bR 14 MoVl RETRLEK s Whesever a

ant ennas. Equal ly having too ~ =T ase stations nmay
| eave areas @f the track where only,a. poor quality,or. no sjgnal can be
received. Th é‘F‘erl?éf,’ 0?%68\‘%%?65?‘8“1&%’111‘1 fé‘&é“éé‘ﬁé’?’é‘?éﬁl““é’@@é‘? CHF ATE A28
entirety of the track, with the m ni nrum nunber of receivers, the receiver

stations abenvmbet eficarsis afratd. oerthénre yypunapbe Hedited tahtennerpthoni ates a
detection area (or receive envelope) which is a 30 segnment of a circle

with a maxi alBE‘iﬁg ﬁéd@e&@f&n%&@l cFiFSé.%i‘rorleﬁ ABGBINAr@NER)s ARG b Plhe
area is from30 to netres dependin n the height of the antenna above

the ground (fro netres.to 3 nmetres respectiyely)., The 30 degrge
segment of L URAE e ek m s aireh EfHhet oF el SRS Hnd | s
a specification supplied by the antenna manufacturer. The maxi mumrange is
det or i ned e bredwisth murlablesie hnstedatt inppisible routliscahy senplogienrEien | s
sufficiently high to produce broadcast quality video signal. The m ni num

recei ve powssigrdabyjsiovided byfdiffedenoeds.aThisqspbisible 0 lohgaesark fran§iiBng dache
recei ve envel ope cut off area is the distance in front of the antenna at 15

which th isgﬁﬂ ' : i e, o -2 1S
caused b;l (\({1 ropﬁé(ﬂl@%geggglﬁ\l/égglyggpv\%ﬁf%éltﬂé}et?gf{apﬁaﬁrorﬁ g%ﬁlﬁzelej{lﬁa?lg of
the direct signal b refl ection of the same signal .off the grqund. The

di stance at WARAReF QOBRATRIC Up a sigaifirant sBpuatel thesghal f6m aRRCAEF Stfom t
antenna and the hei ght of the receive antenna above the ground. The
frequency oftrigseriRingsomytiel samielftequescy. chhisgen bhechiowrd tiyononitotimgetle gositian of f
poi nt. The ampbunt of reflection and hence its effect depends on the surface

over Wwhich tdfeh¥ems ah8 wHedd &b 419 using\Wd fan@Sfr Bc}&%iﬁ@éﬁ%e_@rlﬂfcbnﬂﬁ tase
signal. The 0 ~JUL 2QQ@2 - 16 follow ng reflection equation can %e

derived: Recegj = i he r ~ r ! received
power Wit hout °¥'§€ Itge)gl%l%?’([)fﬁreiv.&gh %%Jér% etrﬁll% 1:rhlél’ec Béforggeerdgﬁ\{c]gnﬁﬁ}] Ftl t(ll)l?ié%ag%rmtger{ao I}ﬁ%ear e
receiver and transmtter heights relatiye .to the reflection syrface and d
is the dilt 9 paangesn 2 difterpridseqrencimdualy is norbeing usediinpanyeethes cargn
surface may not be the ground. For instance it nay be a wall or barrier. In

this case close proximity or to stop transmitting. The position information used to determine
switching between stations may be used to determine the allocation of frequencies to
the transmitters. In this way, several cars at different positions around the track can
use the same frequency simultaneously. This represents a considerable advantage over
20 the helicopter-based system that could only utilise a single transmitter per frequency.
Furthermore with the present invention each transmitter only uses a single frequency
rather than the two required with the helicopter system, i.e. one for transmitting to

the helicopter and one for the relay to the ground based receiver.



the values hr and ht refer to the distance between the reflection surface
and the respective antennas. 10 Analysis of the reflection equaﬂilprUUL 2002
indicates that to naxim se the receive envelope close to the antenna, It is
preferable to nount the antenna |low to the ground. However, the RF signal
is attenuated as the antenna becones closer to the ground which reduces the
maxi mum di stance of the receive envel ope.. . The attenuation is the result of
the ground entering the first Fresnel zori€. Fresnel zones 15 surround the
direct ray path between the transmtter and receiver. The first Fresnel
zone refers to t zone i mmedi at el y. styu-r oundi the direct ray,path...This
zone is defined iH2E0eR SSPHAY (ioﬂﬁf&{%ebeﬁ‘gf?? ‘Faéﬁgf‘i‘?“’&f and ?}éﬁlce\ﬂﬁ‘lya!: ol een
defl ected between the transmitter and receiver is within half a wavel ength
of the path leadsgor lafgemmmber of potentiglly merytlnng rablepdmtween theatceitess andyrhel
power passes through the first Fresnel 2 0 zone, any object, including the

ground, ali gientgl vbdtbéller! Mhereforeinvd AlrdrBatvelcdnlidi@envdf B8 peésehhiveRGen ved
signal. A conprom se is therefore nade when nounti ng 0 ~+ JUL 2002 - 17

the ant ennasrhe}ésﬁg?r&xd% ag\ognﬁﬂld" o ﬁ'sf;e'ng £ hidh 1 Jek éa}f}és iilse ﬁt&rcflgcﬁnﬂﬁgs by
nmetal barriers, own as Arnco, I cH are appr oxl et € y netre nigh or
with fencing.whjch is approxinmately 3 netres high, Antennas are unt ed
hal f a not$ SEBIAsEiarme ths %@Psﬁe&twacwnectmnsalgg;nei andiigh lingreerline eing
being located near to the nmetal 5 structure or the tyre wall in-front.

Ther ef ore) bapablsef tireyimgtacridessigrad Fhevetred 1hes areeseanged ek comaturtescentrak
nost comon nounting heights for the antennas are 1.5 netres and 3 netres.
The mount i ngotAasH JRIBRA S h AhnfRF B A&, MGvaRESHIRDLC X 18t B! it
physi cal Iaygut of the site at tﬁat poi nt and det ergrﬁueni ng i :ﬂotﬁ%@ng factors
whi ch may preveng, opti mum | pcat,i ons,.of each circujt or nducting, ap on the
Spot 10 ¢i 1 EREra} IagRRiOR TG EAs P g dad e F e RIr B R BT SSHHGRCE APt Ehe
recei ve envel ope, which lies between the outer limt of the antennas range
(R4 - see Finpgdeand)themfronhthe finsenodd tithe ¢qRonédkanodenrnd so ordntil/theestpwidat  at
whi ch signal drop out occurs, can be determ ned. Having determ ned this

receive efyokRRA.is pfeférablyRoRReAEYbkSO the c&fttANddaibn kH CormiR Wiy, Fachf
overlap with the receive envel ope of the antenna of the adjacent station to

ensure a sno r itlo i I £x fatl to using
t he signal fr%%%vérhegig%e lgsté?%?o%ﬁag géltogg ré(%%?‘&?‘dg%?%%gen%%gf o the

poi nt at which the signal rg?r?the adj acent antenna can nfo | onger b

recei ved i s CH8%&En Fd%’quﬁ’inﬁgf» LFEBP SPTPEFIEAVEREARCEH VRS Y¥FRqREs MAYPE
practice, in order to determi ne the |ayout of the stations around a track,
t he positi orprotidetavith fair reteitarocorneziell direcdeteetchohode. t he end of a | ong,
for exanple, the Start/Finish straight (see Figure 7.1). The performance of

this site is thenpealdDHRNEHh exaplé 654hbde @ whidh ¢WoGe@N s Iy S iatibRy
previous (Rx 3~4) fo the current station (Rxl), ~ ~r JUL 2002 - 18

15 receiving the signals provided by antennas A, and A, are connected. Asis shown
schematically in Figure 5, signals from each receiver can be connected either to the A-
line, the B-line or to neither line (NC). Referring to Figure 2, as the car arrives at the
position P, the signal transmitted by the car is being received by a A, which, asis
shown in Figure 5, is connected to the A-line. The received signal is then passed back

20 down the line from node to node until the signal is received at the central location.
As the car continues on past P,, the signal transmitted to the car is then receivable by
A, and the switch in the node connects the signal provided from the receiver for

antenna 3 to the B-line. The received signal from A, is then passed from node to node



and the subsequent station (Rx2) to be located. In Figure 7.1, Rx 1 is
nmounted at 3 netres high, therefore, using the reflection equat'fiop, 11 e
drop out point for the site will be 60 netres in front of the aFBEHAyn“gQQ?
operation of the systemis based on an opti num overlap zone between the 5
receive sites of 20 netres, this allows for fluctuation in vehicle position
at the point at which the video is switched. |If accurate position
information is not available then the dVé*?ab zone can be increased to
avoid the possibility of the signal being | ost by switching from one
receiver to fhe next .too soon or too | at This 2 tres is added onto the
drop out poi W‘éﬁﬁé‘é‘f‘&bﬂ%‘é@ﬁﬂﬁé@)@qlﬁ insatipe ?gﬂgEEWCW%WIQnH@ 2 2pd
subsequent station nust be providing clean pictures (points A and B). A
line is therPphocentaddofationit peoeddibeithewb videat sigmispioedespinding o thersigrabs
inside of the track (point A), in the direction the cars travel, onto the

per i net er f GREAvAS antdACer X ATURY POS H Bl RIFARGE 42fRMG SNBChicck- The

projected |line should prOV|de a élear line of°sight fromthe transmitter to
t he receiver_and, shaul d therefore not. gr.oss any definjng. poundayy |ines
such as. per (RBVSAEH SuitclihE pifafy s The PRihiog MeahLpSBpIsdRE Jidee Sk o

conpl eted the process should be repeated to the point on the outside of the

track (pointpByidedonshe ApersheB-lines Ricgudieg To 4 comtzolr segnal pirovidest hyea | ocat i on
may be different to that already determned. It should al so be noted that

i f the receicsat®lRE Bithasmbodiaied tdd cdRfdl kighil DnfPriskd\@ath BldsHBéLient ROGE
then a clear line of 20 site to pick up point B could not be achieved

because of the rigreter fence on the insi of. Turn 2.. The 4 ogati @

ot armi ned (FPEREROTRAE oslE iR s bRRLER, B Srrtitedoifers it BB ike,
clear line of sjght for the duration of the planned. receive envel ope. 0 ~
J UL 2002 - signalsmnytheeh-fing apa&lemlégumk Tihseefereoinitaallyn theoftyare peataelst ence
is the maxi mum di stance around the track at which a clear line of sight to
poi nt C on tthe switah ko peeiide fre ontpuakigaal frathitke Aareptlenersithptairgassehpoina @it her
| ocations A or B are suitable for the receiver station. The final check is
to ensur irgg,glt' L isg,(ﬁ% I i L '#ﬂa?

r equi redelpclS Egka{)) poﬁnﬁ?&d%ﬁ%teekég%en |t(rPl¥fe , 1[1 es(rc\l)ttﬁﬁfemél gg?égg%#gﬁftyael% ocation

of the receiyve stat.iop c . fixed, The.eff.ect of t sur roundi ng
structures ih?%?‘ﬁ@‘i]?ﬂZﬂ??gﬁ%’leéh%llth‘itd'e‘fféverdé‘m B &5& o the receiver

station nust then be determ ned using the reflection equation. The effect
of the surroundi nfwetsyodironiserstage @apgwsredle@exnmet thesynepuleestofahe viakeo Bignals
receiver station RXI nust be established before the |ocation of the

precedi ng st ilRM LiRX34d Belawe L€ comicRieit. MWthen &Atch kEmiiRtidivBer?] He UP
di stance for receiver station RX1 has been established then the preceding

5 st Do B B0 A RS B Bl s
Tust Do | AheRSHIE TRV et HBS SHbI ARG QIrdss UB. HoPRer EREee
image distortion, such as frame roll, when switching between the signals output by
one receiver and the next, a frame memory may be employed. The use of a frame
memory avoids any problems due to the frames in the two signals not being
synchronised.
20 As the car continues on, the signal from A, will be lost. Then as the car comes
within the range of A,, the node to which A, is connected will disconnect A, from

the A-line and the node to which A, is connected will connect the signal received by

A, to the A-line so that both the A-line and the B-line are relaying signals received



7.2 also indicates the procedure for |ocating the subsequent mgg‘t tv.ﬁp”_ 2002
receiver station RX2. Figures 7.3 and 7.4 indicate how the refl

equation is applied in a practical environment. It can be clearly seen in
both figures that the receive antenna 2 0 height (relative to the
reflecting plane - in this case the fence) is a constant value. In Figure
7.3 the fence under investigation (FENCE 1% is parallel to the direction of
travel and hence the height of the transniftér also remmins at a constant

di stance. For Flgure 7.3 the onIy vari abl e becones the transm ssion

di stance as the transmttjng ~4 JUL 20D2 20 vehicle noves closer to
the receive So# thefar, ﬁgP’PgatrTé‘e?PEf qpﬁ““&%‘ﬂmlﬁet@é@%%endhémf‘éﬁaﬁﬁfo e t he
transmt antenna will change as the transm ssion di stance changes,

therefore, tvwitlteriiabheseneral kcatidppd swath fronpbutphaingethle eipnabon erpBdine no
beconmes nore conplicated when perform ng cal culations relating to curved

fences (as fgp {h% %"‘”t ﬁ%hﬁﬁlfxﬁ: hﬁ{adcdr Eéﬁd’stlhitﬁﬁkig;ngx@ﬁei%E)pﬂ anee

of receive station gur es) case t el ght

receive antepna relative to fhe,fence would al sg chan usl S
transni ssi onqlg‘?ssﬁrgﬁ%sé ‘sc’ﬁﬁ??éféias the Ga% FEtopst @"’Pﬂ‘g tlé‘hﬁ B’H&tﬁ?ﬁ Ir}hg‘é%"‘hg
variables. It should be noted that the drop out distances ftproduced by the
ref | ect i on51bnealternatvely arevidingithe outpan sigaaly Sihe exactaimingeofitbe disadnnectianges
in antenna height relative to the reflective plane. For exanple, if the

hei ght of thgf §h@fsivbt @'g. Wobarfl thelcbBfectiod df iBe R8I FBEei R th He £a§§e91hﬂé9{eﬁ5
netres the first drop out poi nt woul d occur at 333 netres (assum ng e

transm ssi on 4f Fansmi

e eased t o’ SHEPR o o ST st o RS ot beibg JELRE ki
Fromthis 15 brief calculation it can be derived that if the vehi

follows a di thedisgonngeiion efr bybian the A-line maytheas seomasidgsignal seceime hYA is
reflections fromthe surroundings affect the receiver station perfornmance
coul d vary gtaaikak ot it nadyslee delgiiedaired thémdmerpotidnde signabfronr Af & | ocat i on
information to ensure theoretical systemplanning is as accurate as

possi bl e. ;3 Qlffa\:xfeH{l&lerEn temto consider in the application of the
reflection equation’is the termrelating to the RF signal wavel ength and
hence frequency. Lf the first .e above, the.fr uenc

| onered to 2.4 @“I"'féﬁ“? gatey that o &S gﬁ) %ﬂﬁ’?ﬁ?s IT°BE \¥§ tres,
a difference of 13 netres. Fromthis it can be derjved that ‘0 ~r JUG
20~' - 21 thekseta byselmindivideossjgrtabmlhe d-linhendiibiefBelinnaredbprefare mgiecpnndm
transm ssion frequency. Having determ ned the theoretical |ocations for the

recei ver stapf ﬁi&&ecéﬂ&édﬂﬂec*d@ﬁcﬁ&ﬂi Biide 2h@ bREsIroeids tranbmissidnl s Rriddos 0
possi ble to consider the [ ogistical

signals from more than one car. However, the A/B Line pair are only capable of

15 transmitting the two video signals required when following a single car around the
track. Thus, in order to make use of the possibility of following two different cars
around the track, a separate pair of lines e.g. a C-line and D-line can be provided.

Again, because the C/D-line pair are independent of frequency they can be
used in the transmission of video pictures from a car transmitting on any frequency

20 within a specified receiving band. The second car may be transmitting on the same
frequency as the car being followed by the A/B-line pair. However the cars are
required to be at different locations around the circuit so that the RF signals reaching

the receiver from the two cars do not interfere with each other.



inplications of installing the stations. Factors such as position of
perineter openings, 5 general accessibility, cable distances betﬂﬁ!‘eQJUL 2002
recei ver sation and node, |ocation of advertising sign boards, |ocation of
structures to which antennas can be nounted, safety of site |ocation. For
exanple, Figure 7.2 shows that receiver station RX34 is connected to Node 1
(N1). The cable run is about 40 netres which would be relatively quick to
10 pull out, but there is a track access nt just before the site, so a
trench woul d need to be dug and the cable buried for protection of the
cable and to keep .the access. way clear. The .site could not,be | ocated.just
before the access ‘fsrﬁeﬁg‘i‘aﬁgé}ffﬁéaﬁf‘agaé?ﬂ%W%%W%WGPH“HP(?&R“P{%
antenna, therefore the receiver station could be noved back to

appr oxi mat el pytone @anfutthenpiion(E4E-livedesc.) magkdlsogbe 4dded ab hdowthirdnodifuether 15
easy. The net result would be to increase the overlap with station RX1, but

to reduce ovehtsap b fbllowbdhtdindRES BracltSTtliNhSwewRRI1EpdsSl£@S Ire@bderal cars
i nportant factors nust be considered as early in the planning stage as

possi bl e, and_where. possi bl e flexibility for, m.nor adj.ustnent .d \be
bui 1t 1t oo ARl The s aptuind e sl S0l Babine oredig B R iRe
receiver stations relates to stations provided 2 O with antennas having a
nar row det & Y8amy dhighqueayer guly pasgitleerrelay wee sigpal fram pne of thase sarsappl i ed
usi ng antennas having a | arger detection angle. Each station conprises at

| east one reepghyeith thacignaleeejeired byeythteaienras fmm otladicanted bajigennaeaed t he
station may have a single antenna and a sputter for a~~ mzo~—~ - 22
separating t i 1:fLequenci es recei ved and sending themto respective
receivers. TEgtPs{?ét&oﬁﬁng'so include filters and de-nodul ators 4, for
extracting the vidgo signeil niI(romthe received mcrowaye transmssion. ,The
vi deo signal may tlﬁé‘ﬂnbtév Brit TWQ cag using the same.isequenry Become waglesedgcach
signal which includes the video picture information 5 and the audi o signals
nmodul at ed ontotherepathatteackshén one of dhese casd ¢carld bhe sanglaymessige toybamgmitmy send
the actual signal received by the antenna stations, i.e. the m crowave
signal, bagk tiaﬂsﬁis‘éﬁﬁtfi&iueh@ﬁ%hMOMﬁg@nt%H@reh@&_el ver units and denodul at or
woul d be |l ocated. This type of systemwould require the RF signal to be
nodul ated onto theg fibre optic kranspor st .and_each site woul d
breferably nave o 1BabATErRaF FpPROMiaY s BYAeS M AR e ek SelEtaT B e
antennas are preferably helix antennas_but these miilig.ﬁe rﬁpl aced by any
other type ofoBugctesdfion neivenk de-g-Jueh) ad be astwedkmanliak sl ghe preeivarsdniosias
or omidirectional antennas dependi ng upon their |ocation and the |ayout of
the track. Fetoporeionldf than ineohgintwei wdrhadthanhemoaksreln thés wsedhée cemealer a
bend whilst a 15 directional antenna is used for straighter sections. The

di recti onal rs : I n 30" and
190" tenondi CoREONARARREIA WhicRAUEVER ABH Bhd HRA b SRR, Soscr bed
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to provide the required coverage with the optimum number of stations. In theory it
would be possible to simply place a large number of stations at regular intervals
around the track to ensure that the signal transmitted by the car can be detected by at
least one of them at all positions on the track. However, such a layout introduces

20 other problems into the system. If stations are placed too close together then, apart
from the unnecessary additional cost of having more stations than necessary, the
complexity of the switching and controlling system is increased because the signal

from a transmitter may be picked up by several antennas. Equally having too few



closed track e.g. for a road race. Furthernore, the systemcould be used in
any 2 0 situation where the transm ssion of video (or other hi grﬂlpa cﬂ@ﬂz
signals) froma noving object to a stationary object is required.
Applications could include transmtting pictures from bicycles or cars
(e.g. police cars) to roadside receivers f or transm ssion to other police
cars or a central control room The system could even 0o ~~~~- 23 be
extended to provide a nobile video comuniBati on system Whilst the above
descri bed enbodi nent refers primarily to the conmunication of video data,

it is intended that the system may al so provide communi cati on of audi o and
dat a si gnal sbipetstations aray leaverartas of dertrack wihére oaly ¥ pdeqilisy gpabsignatéart o
the car. Clearly, once a coonmunication link is established, as described

above, it ishsldieividaTHeEIS e, B ordePHy :lee%e %b@ﬁénttc%vgﬂge S%e%ggetsrrlﬁ the

established Iink rather than receiving fromit

CLAIMS 1. A i on .system incl udi ng: Vi deo si gnal so
transmitter %'ar%g,m éﬁﬁb% 1 Pk}m(k’ﬁf 8&“?‘%?”5‘116&@?"&{ F‘%&O&ﬁ&f ?’aﬁ’éﬁl"‘ftl ng
said video si gna on at least a first carrier frequency; at |least first and

second recei Sfor receiving said transmtted video signal on said first
carrier frequency, said first and second receivers having at | east

partially sverl appi typicdEheid iRénmrfrasidesns dfetitth dres Pradceive &RAIGY) MbadH
| ocations; a position detector for generating a position si gnal i ndi cative

of the posit f ohject usin i cati etwt han .
par anet er s o’fs(%rhhoe seég eel?tsdefgl evgﬁléll gﬂlna‘)flmélﬁbr%%F ro?g“'Oun 2@@5’?&5 de receive

responsive to said pos tion sign for selectin e of t he V|deo signal s
recei ved by &€ Preiqusta?ﬁ%mzwm]aOF%é%Wérreg depeadi heighs of gheanternag
signal, said controller being |ocated other than in sald nobi |l e object. 15
2. A system smverhe gpund (froai itb methsneBnéthes regmttivdly)er changes from

recei ving the signal recelved by said first receiver to said second

recei ver when sai ?h@@'dlsér; t bBa 8frclR iPdRedsddels Tho Behoiy i A RE ehd ’ﬁg%&@‘i d

first receiver. 20 3 m according to claim1 or 2 wherein t Irst
3 wher oi nL QR BACBR %¥§P§3'abﬁ%@@§fe§aﬁ?%snm schYFeEn S OF SRR TG 5
to 3 netres relative to the ground.
determined by the maximum distance at which the received power level is sufficiently
high to produce broadcast quality video signal. The minimum receive power level
used for broadcast quality pictures is -60dB.
The receive envelope cut off area is the distance in front of the antenna at
15 which the video signal breaks up. The break up in the video picture is caused by a
drop in the received power level resulting from cancelling of the direct signal by a
reflection of the same signal off the ground. The distance at which this occurs is
dependant on the height of the transmit antenna and the height of the receive antenna
above the ground. The frequency of the RF signal will also change the location of the

20 cut off point. The amount of reflection and hence its effect depends on the surface

over which the wave is travelling as well as upon the wavelength of the signal. The



0 ~J UL 2002 - 25 5. A systemaccording to any one of clainms 1,to0
wherein the transmtter canybe controlledgto tra%snlt selectlvelyo&htAUL_Zaaz
plurality of frequencies. 6. A systemaccording to claim5 wherein the
transm ssion frequency of 5 the transmtter is controlled by the
controller. 7. A systemaccording to any one of the preceding clains
wherein said position detector determ nes the position of said nobile

obj ect based on information provided by th timng systemof a race track.
10 8. A system according to any one of the precedi ng clai ns conprising at

| east one fu&ﬁ er. trq?snltter rOVIg %I t |least one further nobile

obj ects, eac loying 8?n§ﬂﬁﬁ BRIV ansnitting video signals to one
or nore of said receivers. 15 9. A system according to any one of the
precedi ng clains wherein the receivers and the controller are

i nterconnected by a network. 10. A systen1according to claim9 wherein: the
network conprises first and second signal Ilnes t he output of each
of the receivers is selectiVRleYeitQPEGLADI4 s r( )dcont rol of said
controller, to the first, the second or nelther ofhdaid signal |ines such
that, in use, the output fromone of said receivers is connected to the
first signal line and the output of a second one of the receivers is
connected to the second signal line; and sai.d control nmeans outputs t he
signal on the sig&ﬁEﬁ ne ,connected to tqgﬁ1 4 J UL 690% receiver
recei ving the des El‘ﬁ?ﬁ?rf‘}e‘i‘?  Poverpeithont getlesrign g peder %ﬁerﬂ’i‘(f wher ei n
the control neans includes a further output connected to the signal Iine
not connech ecbriditiotse bl hade recciwerard trinsifittepherghth odawfe walmwellectbnng a
video signal between a nobile object and a stationary location, the method

conpri sing tqefast SR d e theldid NS et 20 th@?ec\éiv@?ﬁl&trgﬁt%m@f‘ The réffderioar i er
frequency froma transmtter on the nobile Obj ect; 10 pI’OVI di ng at Ieast

first and secopd recel at_s L ocaxjons recelv
si gnal 11 om TREE Pam R IpE Bl o HRBte ATRRLbER Pl et g s e
determning the ion of said bil e object using. |nd|cat|ons ot her than
si gnal par arfdeapine @ v}fbhrré@ét@ézfn@ﬁgﬂ%ﬂ begweqn the seflection sucfageandithy t he
sigaal recesved by one of said first and second receivers for output 15 at
sai d stati on@spectioeatensias. on the basis of the location of said nobile
object as determned in said step of determ ning.
10 Analysis of the reflection equation indicates that to maximise the receive
envelope close to the antenna, it is preferable to mount the antenna low to the
ground. However, the RF signal is attenuated as the antenna becomes closer to the
ground which reduces the maximum distance of the receive envelope. The
attenuation 1s the result of the ground entering the first Fresnel zone. Fresnel zones
15 surround the direct ray path between the transmitter and receiver. The first Fresnel
zone refers to the zone immediately surrounding the direct ray path. This zone is
defined in such a way that the path length of a ray which has been deflected between
the transmitter and receiver is within half a wavelength of the path length of the
direct ray. As the largest part of the signal power passes through the first Fresnel
20 zone, any object, including the ground, aligning within this zone will lead to

attenuation of the received signal. A compromise is therefore made when mounting
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establishing a comruni cati on system for comunicating 5 10 15 20 a vi deo
signal between a nobile object provided with a transmtter for transmtting
the video signal on a first carrier freeuenry and a stationary |ocation
conprising a plurality of receivers each having a detection area within

whi ch the receiver is able to receive theldignal fromthe transntter oa
said first carrier frequency when the transmtter is in the detection area,
t he nmethod conprising the steps of: placing a first receiver at a first

| ocation; cathewnsannag Wswally %tm@rmddgﬁusqmnt thedrackdg surroumdad byimesal
reflection by a reflecting surface of a signal transmtted from said nobile
obj ect will bauies, khewhesoied, Mﬁa{aﬂeap?foma@gt U nfetfetigh 6F Riithefendifig dr op
bel ow a predeterm ned level to define a tfirst detection area; determning a

position for eagh %gfxfogg%iﬁgg 3 Sa%‘ijeélﬁfg&\:n?ﬁ&%hﬁ&é' 8 | %%n?edcﬂafftag&%tere %O\V@(}jhg?op

reflection fromar surtace cause e recelved power

bel ow sai d predetern ned | evel to determ ne det ection, area and
posi ti oni ng &M S gﬁgqgéﬁf Sigmalivast astenyated Dy hewg Ippased nee t@?lwnst?%
recei ver such that the detection area of the subsequent receiver overl aps
with the dbteesidare artha tyfe wilbingfrent. Cliserefees ibeenisé thefantannas srermhomred byst ri p
within which the signal fromthe transmtter is receivable by~ at |east ane
of the recei 4RESiradl RYhls) thd BBRTMIREE Mol %g{@é for ShEANEAnRUrSf5d at

| east one receiver can be provided to said st§t| ary location; and
provi di ng nmeans to qqgterm' n%tfhe 1Posi tion of said ile orta' ect .u%f n)g 25

i ndi cat i ons BEFER A1 SEes-a kb SpQuinging fequirerpenty for Py ng 2 deredmineddy and to
control switching between receivers on the basis of the determ ned

posi tion. l4reviewtng baeiphysicaklagipni efithagitaatcanpeint and detesspnirglimating fattogs t o
claim 13 wherein said reflecting surface is the ground. 30 21-02-2000 O
~r 3 tJ L 204hech@BaP BAIRABEHimum locations-of each circuit or-conducting 4n on the spot

28 15. A]_Sreﬁpggt.%t]:egétabli.shi. ng a communication system according to claim
13 wherein'the posifl on of each receiver is determ ned by:

Having determined the height of the antenna, the receive envelope, which lies
between the outer limit of the antennas range (R, - see Figure 6) and the inner limit
(R, R,) determined by the point at which signal drop out occurs, can be determined.
Having determined this receive envelope, it is necessary also to establish the amount

15 of overlap with the receive envelope of the antenna of the adjacent station to ensure a
smooth transition from using the signal from one station to using the signal from the
next station. Thus, a range R, corresponding to the point at which the signal from
the adjacent antenna can no longer be received is chosen defining an overlap region
between R, and R,.

20 In practice, in order to determine the layout of the stations around a track, the
position of the first station (Rx1) is selected at the end of a long, for example, the
Start/Finish straight (see Figure 7.1). The performance of this site is then established,

the results of which enable the station previous (Rx 34) to the current station (Rx1),



determining a first zone of possible positions for the receiver
predet erm ned anount of overlap of the detection areas of the cu é U?_ 2[]02

receiver and 5 the previous receiver, determ ning a subset of the first
zone of possible locations for the receiver to deternine a second zone of
practical locations for mounting the receiver; elimnating those |ocations
in the second zone in which the detection,area of the receiver does not
cover all the required | ocations of the t% nsmtter by 10 considering the
t opol ogy of the ground in the detectlon area of the receiver and any
?Eztgﬁﬁélggﬁ Hpﬁk%h u%ﬁm%%&&ﬂ%x&b&? . foney and placing the receiver in

Asl A LA A9AuAI|%AsARAf’7A AL AL@. Ay. AAR AL. A9. Al Y?2. Ae. AH e. Ase

.A9[R A e. Ae). A InFigure7.1,Rx 1is mounted at 3 metres thh therefore, using the reflection
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location of the receive station can be fixed. The effect of the surrounding structures
in causing the RF signal to be reflected into the receiver station must then be
determined using the reflection equation.
The effect of the surrounding structures to cause destructive reflections at
10 receiver station RX1 must be established before the location of the preceding station
(RX34) can be determined. Once the maximum pick up distance for receiver station
RX1 has been established then the preceding site must be located to have a drop out
point 20 metres below the distance (to ensure the correct amount of overlap). In
Figure 7.2 the preceding station to RX1 is shown as being mounted at 3 metres high
15 and therefore must be located a further 60 metres below the drop out point. Figure
7.2 also indjcates the procedure for locating the subsequent site to receiver station
RX2.
Figures 7.3 and 7.4 indicate how the reflection equation is applied in a
practical environment. It can be clearly seen in both figures that the receive antenna
20 height (relative to the reflecting plane - in this case the fence) is a constant value. In
Figure 7.3 the fence under investigation (FENCE 1) is parallel to the direction of

travel and hence the height of the transmitter also remains at a constant distance. For

Figure 7.3 the only variable becomes the transmission distance as the transmitting
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when performing calculations relating to curved fences (as for example would be
5 required in establishing the performance of receive station RX3 in the figures). In
this case the height of the receive antenna relative to the fence would also change
continuously as transmission distance changes, and therefore the equation includes
three variables.
It should be noted that the drop out distances produced by the reflection
10 equation calculations can be very sensitive to small changes in antenna height relative
to the reflective plane. For example, if the height of the transmitter was 4 metres and
the height of the receiver 5 metres the first drop out point would occur at 333 metres
(assuming the transmission frequency was 2.5 GHz). If the transmitter height was
increased to 4.5 metres the first drop out point would become 375 metres. From this
15 brief calculation it can be derived that if the vehicle follows a different path around
the track, then the manner in which reflections from the surroundings affect the
receiver station performance could vary greatly. It also indicates the importance of
accurate location information to ensure theoretical system planning is as accurate as
possible.
20 A further item to consider in the application of the reflection equation is the
term relating to the RF signal wavelength and hence frequency. If, using the first
example above, the frequency was lowered to 2.4 GHz then the first drop out point

would occur at 320 metres, a difference of 13 metres. From this it can be derived that
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implications of installing the stations. Factors such as position of perimeter openings,
5 general accessibility, cable distances between receiver sation and node, location of
advertising sign boards, location of structures to which antennas can be mounted,
safety of site location.
For example, Figure 7.2 shows that receiver station RX34 is connected to
Node 1 (N1). The cable run is about 40 metres which would be relatively quick to
10 pull out, but there is a track access point just before the site, so a trench would need
to be dug and the cable buried for protection of the cable and to keep the access way
clear. The site could not be located just before the access point because the stagger in
the fence would block the antenna, therefore the receiver station could be moved
back to approximately the same location as Node 1 making the cable run short and
15 easy. The net result would be to increase the overlap with station RX1, but to reduce
overlap with station RX33. As this example indicates all important factors must be
considered as early in the planning stage as possible, and where possible flexibility for
minor adjustments should be built into the planning of the system.
The above method of sighting the receiver stations relates to stations provided
20 with antennas having a narrow detection range (eg. 30'). However, these principles
can be applied using antennas having a larger detection angle.
Each station comprises at least one receiver. Each receiver may have its own

dedicated antenna or the station may have a single antenna and a splitter for
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from the received microwave transmission. The video signal may then be sent to the
central controller as a baseband signal which includes the video picture information
5 and the audio signals modulated onto separate sub-carriers. Alternatively, the system
may send the actual signal received by the antenna stations, i.e. the microwave signal,
back to a central location where the receiver units and demodulator would be located.
This type of system would require the RF signal to be modulated onto the fibre optic
transport system, and each site would preferably have a dedicated fibre link back to
10 the central location.

The antennas are preferably helix antennas but these may be replaced by any
other type of suitable antenna (such as fan-beam antennas, patch antennas or
omnidirectional antennas depending upon their location and the layout of the track.
For example, an omnidirectional antenna may be used to cover a bend whilst a

15 directional antenna is used for straighter sections. The directional antennas
preferably have an angular range of between 30" and 120" depending on their location.

Whilst this invention has been described in relation to a racetrack location, it
is clearly applicable to other applications. The system is equally applicable to a non-
closed track e.g. for a road race. Furthermore, the system could be used in any

20 situation where the transmission of video (or other high bandwidth signals) from a
moving object to a stationary object is required. Applications could include

transmitting pictures from bicycles or cars (e.g. police cars) to roadside receivers for

transmission to other police cars or a central control room. The system could even
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communication of video data, it is intended that the system may also provide

communication of audio and data signals both to and from the car as well as video
5 signals back to the car. Clearly, once a communication link is established, as

described above, it is simply a matter of sending a signal to the car down the

established link rather than receiving from it.
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5 generating and transmitting said video signal on at least a first carrier frequency;
at least first and second receivers for receiving said transmitted video signal on
said first carrier frequency, said first and second receivers having at least partially
overlapping detection areas and being located at spaced apart locations;
a position detector for generating a position signal indicative of the position of
10 said mobile object using indications other than parameters of the received video signal
and carrier;
a controller responsive to said position signal for selecting one of the video

signals received by said first and second receivers and outputting said selected signal,

said controller being located other than in said mobile object.

15
2. A system according to claim 1 wherein the controller changes from
receiving the signal received by said first receiver to said second receiver when said
mobile object is at a pre-determined distance from said first receiver.
20 3. A system according to claim 1 or 2 wherein the first and second

receivers have helical antennas.

4, A system according to claim 3 wherein said antennas are arranged at a

height in the range of from 1.5 to 3 metres relative to the ground.
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6. A system according to claim 5 wherein the transmission frequency of

5 the transmitter is controlled by the controller.

7. A system according to any one of the preceding claims wherein said
position detector determines the position of said mobile object based on information
provided by the timing system of a race track.

10

8. A system according to any one of the preceding claims comprising at

least one further transmitter provided on at least one further mobiie objects, each

transmitter simultaneously transmitting video signals to one or more of said receivers.

15 9. A system according to any one of the preceding claims wherein the

receivers and the controller are interconnected by a network.

10. A system according to claim 9 wherein:
the network comprises first and second signal lines;

20 .- the output of each of the receivers is selectively connectable, under the control
of said controller, to the first, the second or neither of said signal lines such that, in
use, the output from one of said receivers is connected to the first signal line and the
output of a second one of the receivers is connected to the second signal line; and

said control means outputs the signal on the signal line connected to the
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11. A system according to claim 10 wherein the control means includes a

further output connected to the signal line not connected to the desired receiver.

12. A method of communicating a video signal between a mobile object
and a stationary location, the method compri;ing the steps of:

transmitting the video signal on a first carrier frequency from a transmitter on
the mobile object;

10 providing at least first and second receivers at spaced apart locations for

receiving the signal from the transmitter on said first carrier frequency; and

determining the location of said mobile object using indications other than
signal parameters of the received signal or its carrier;

selecting the signal received by one of said first and second receivers for output

15 at said stationary location, on the basis of the location of said mobile object as determined in
said step of determining.
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5 transmitting the video signal on a first carrier frequency and a stationary location

.'

(XXX

comprising a plurality of receivers each having a detection area within which the
receiver is able to receive the signal from the transmitter on said first carrier
frequency when the transmitter is in the detection area, the method comprising
the steps of:

10 placing a first receiver at a first location;

calculating a distance from said first location at which reflection by 2
reflecting surface of a signal transmitted from said mobile object will cause the
received power level at said first receiver to drop below a predetermined level to
define a first detection area;

15 determining a position for each subsequent receiver by calculating a distance
at which reflection from a reflecting surface will cause the received power to drop
below said predetermined level to determine a detection area and positioning said
subsequent receiver at a distance from the previous receiver such that the detection
area of the subsequent receiver overlaps with the detection area of the previous

20 receiver to form a continuous strip within which the signal from the transmitter is
receivable by at least one of the receivers;

providiﬁg means whereby the signal received by said at least one receiver can
be provideci to said stationary location; and

providing means to determine the position of said mobile object using

25 indications other than parameters of the received signal and carrier and to control

switching between receivers on the basis of the determined position.

14. A method of establishing a communication system according to claim
13 wherein said reflecting surface is the ground.
30
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the receiver does not cover all the required locations of the transmitter by
10 considering the topology of the ground in the detection area of the receiver and
any obstructions therein to define a third zone; and

placing the receiver in the third zone.



