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PCT/ US95/ 16783 AN | MPULSE RADAR W TH SWEPT RANGE GATE
BACKGROUND OF THE INVENTION 5 - Field of the Invention

The present invention e radar
systens. and ﬁﬁfh&%§i§%3ﬂgggﬁ&ﬁﬁiﬂtg%b§ﬂhﬁagﬁggﬁ%ﬁﬂgdars for

I magi ng short range fields. Description of Related Art 10

Short range finding appllcatlons in the prlor art have typically been

i npl enent ed _ (] [N & B ANNVENK] or frequency
nodul at ed contj nuous wave (FN(NV radar For instance, range finding
used in Pl uid for large tanks in the prior art have-
on Y asr whe By IERLOR el BYn rebleon SAOHE B gt Byfiind Shi °°
transmtted apfbré paticuiady m\d&sﬂwnaéband radts forémagiag ¥hdrt npege fieldst age
controlled oscillators at mcrowave frequencies. This technology is

very tough to inplenent with the precision desired in | evel sensing

t echnol ogy. Tﬂ!i; . @ri orﬁgaﬁ' ;F%?Nradars have been limted in resolution to
sever al rel atively expensive. Anot her

technol qgy used i nShéxy edn. Wgs ﬁﬁ&ih@ﬁppl&ak’dﬂsﬁﬁﬂﬁlﬁdr arthave \tgpicallyl Geb irfiplsiemed
technol ogy suffers a nunber of disadvantages. In particular. for fluid

| evel sensor s usingeither ultrasourducqhagmmrrfmum ¢d,contigrouspvave) (EM,@%f

foam rather t of a oes_not.
benet r ate vapBREE Triice danddiine ysel Ao leve! spngors Srtpcg kSR g Briow
Furthernore, ghtavdihlol9&d mewresel%ﬁémgo 'HRRAVEr. tHiSteStaNdRY, Rhich AIRE on
ultrasound is i nherently difficult  to use for precision

measur enent s, megguingeharges spbeliead frequancies datetted farSransmitierd ahd reseived atavess and
hum dity by as nmuch as 0%| n,nor mal cgggratj ng} condi.tion

Accor di gl y, - FIUrEs &G finggr voltaes, Fortrolied pspulators at Hﬂ?rﬂga‘é?ﬁegﬂ"rmlﬁs i TR§i ng
.system tecmbl%g qp%@t fagh 6 imPleptUAt WithPthd preciéidn ldeWirédOf! lev@Nénsing

provi des excell ent atcura
technology. Thus. prior art FMCW radars have been limited in resolution to several
inches and are relatively expensive.
Another technology used in level sensing is ultrasound. However, ultrasound
20 technology suffers a number of disadvantages. In particular, for fluid level sensors, the
~ ultrasound may erroneously pick up a level of foam, rather than a level of actual liquid.
Also. it does not penetrate vapors. like gasoline or steam. which may be trapped in a tank.
Furthermore, any soil on the sensors will. .prevent its operation. Also, ultrasound is
inherently difficult to use for precision measurements, because the speed of sound varies
25 with temperéture and humidity by as much as 10% in normal operating conditions.
| Accordingly, it is desirable to provide a range finding system. or imaging system

which operates over a short range, has low cost, and providés_ excellent accuracy.
SUMMARY OF THE INVENTION
30 The present invention provides a radar range finder and hidden object locator |

based on ultra-wide band radar with a high resolution swept range gate. The device

generates an équivalent- time amplitude scan with a typical range of 1 inch to 20 feet. and
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SUVMARY OF THE | NVENTI ON 30 The present i nvg#@%saﬁﬁw des a

radar rWAge1¥Bhder and hi dden obj ect | ocator a-wide b
radar with a high resol ution svvept range gate The devi ce gener ates,
an equivalent tinme anplitude sc JB range of 1 inch to 20 feet
and an angtog gangg resplution as Almite y a _]1 ek of on the order of 0.01 inches. A

PCT/ US95/ 184ifrential smplingTebiit 9 cpldged toPSatlbig Hiiffint mgﬁ& 44 dindr LLET

of on the or nt|a I'ng receiver is

enpl oyed t cabefrhtiesi mahogded: the rocetiver ibly niys megr ptmhmityn of the transmlt aateAna.abiaons
I nduced 'in the receiver by the near proxi mt of the transmt antenna, so a
backgr ound @9158’10&3@ |5Bh"@%1°ﬁ01§ R chfsded. ssimp lfyplgg Fﬂf eiRRuIEY (Wljle iRpEANinge

| Mpr ovk ng rmql? 9! HHE enment
of ul téasoﬁcrif 'HBW ces %or ﬁmveéﬁgﬁ"mudreg%éh%g seﬂnogﬁi#l%é,g aut o‘r’r% {@ghﬁgdar
such as cr ueee saiiigl Altordbbveraddt] sugh ascriisé comtl and padking Mdsistance. Also. this

t echnol ogy can be used when positioned over a highway |ane to coll ect

- vehi cl e coufthnglagy can be used 3her gositiangd pyar aﬂvwmwﬁqlbm vehjcirgouptang

Censing, orront R TS AR BIRVC CunBres Rt sprve sy Puciichife. |
needs to bebc@ﬁﬁﬂ Bbéifien schidmg! mthérfdgpﬁc&lbﬁsi%eﬁ&i@maae fafge td @Nbbjkktui d and

solids |evel sensor for pet eum st orage tanks, industrial m xing
vats, 1&nd greadstodeldotermined. Ehgpiadarnrange ﬁndermakeaaspx@emlﬂsuﬂ andciobids levelt he

presence or abs nce o% obj ects Iocaé g‘ﬂ"’z i.nd _barri.ers
S mng

studs behi md"A ‘?é’egﬂ & Ak R H%"%‘En"ﬂﬂtgf%ﬂ 2§ appliyde; o at ed

Wi th si m | afisplay also indiéfte$ me%&es&ic%foe hRhice T dbjedts IdcateaibeRing baRiek. QYHIR (
synthetic beamformng for narrow beam 15 applications and for imaging.

The invent |sand5<bahndavablhamhmbann zentress “Ehe outpican also becortklated withgimilar
characteristi.cs

t h f . Ih t
a transmit tEHIs \BHF‘{#F’?‘P&H%‘W f%‘Ja[’?fE" tovﬁﬂrow ensyggﬁlﬂghgaéngq thi aggq?r a US COWDFI ses

pul segsin resneiohs bitd Arimagagi t timng signal. A receiver sarrpl es
echoes of'-tal‘?g sequcsance 5? g@e@trom&gnetic pul ses which are generated by
obj ects 20 W hehinwentioe chn bé dhara’dterized@ehwappamuq:ﬂoedetwhxge:hemmésticssi ng a

differential. sanmpling. recejv having a _transfor
differentidf 93%%& A %Fi&h e@&ﬁ?@ﬁ“ﬂﬁ&?@é‘f&& frepromh ‘ch‘HHﬂ‘ transmits the

sequence of electromagnetic pulses in response to a transmit timing sxgnal. A receivet

samples echoes of the sequence of electromagnetic pulses which are generated by objects
20 within the field. The receiver samples these echoes using a differential sampling receiver
having a transformerless differential input with high common mode rejection which
reduces ground currents coupled from the transmit pulse through the apparatus structure.
According to one aspect of the invention, the receiver includes waveguide cavities
for the transmit and r_éceive antennas. The anteimas comprise AC coupled monopoles
25  with .resistive loading formed within the respective cavities. _

- Means are included with the transmit and receive cavities for reducing clutter in
the sample signal caused, for example, by .ringing of the transmitted signal in the shield
structures. The means for reducing clutter may be implemented by decoupling the
shielded transmit cavity from the shielded 'réce_iVe cavity by a spacer, which may be

30 empty or filled with dielectric material. Also, other te'chni_ques may be used to reduce
ringing in the shielded receive cavity. Such techniques include using ra’diatiye

conductors which extend toward the field being sensed from th_e perimeter of the shielded
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i educes woogigseurrents coupled fromthe transmt pul se tRCDUSHS/16783
apparatus structure. According to one aspect of the
i nvention, the receiver ingl.udes wavegui de cavities for the

transmt and-eéﬁﬁﬁdvﬁvaﬂd ¥ RAizlded Ranshiit eviEs mmmmtnﬁgpm:qqh@dbérplaeeml es
25 with resistive loading formed within the respectiyve cavities.

Means are i rfPyRsbie ppemng pa thersamﬁdtre%w 308 teangpit cavities. o Chese plates amay bey
clutter in ﬂushw h{hlgeptl%ﬁrg?lﬂ?e (ﬁiggﬁ'@lm ﬁ?e%@& uo%%ay?éﬂ@hﬁrd&tﬁrh?%é‘ uf the

transmtted Si he nean F educi ng

clutter may dilﬁel! fmbr@ﬁﬁafseﬂle Ryitedfe gain lfor@fledied signals. Andihiet hpproadhl iavsives
cavity fromthe shielded receive cavity by a spacer, which may be 30

enpty of fi|vsing aanduetiveldempingelement whish is mugbd totheperimeenof @eegemag/ube
used to redu

t echni ques i§ Irfﬁfév saivhtﬁ sr“ﬁg g'i%/‘gont‘erﬁn ﬁ]el oeﬂeﬂ@%&n gt% glr1 ég}/\tﬁ htné dghég}hf Swar d

the field bespgeainyeafcfhshibnéd inthta ADELABAIR trighguldtehagy. €l ded 970 26 68 0
WO 96/ 19737 L iuithg .

PCT/ US95/ 16783  The receiver gonérates @amgﬁe signal whichhprovigies| anreguivalent gime t y.

Al t t | at b d . d th th
S el dect 1Pttt e s el FRE R ed. 4 soniog A BOpdieS yRARRIRR Rlng 12,
with the pl aggndito mb%aemaemcmsb{eb&v&m ign8l toMrebeived. TRYRCEivE hﬁuﬁgarget

field in order to provide sone an enna gain for reflected signals.
Anot her appr signdh causesthe exceiver to samplerthe eclmemmhtthatehaianpbctgleah Hmmsswn chis

coupled to th er of the,o he receive c such
2o'ht a cor nerpilsFedhc alienss ﬁaﬁaﬁln&g@eﬁf SFeelyer SYREDS OUE g delays:

openi ng, a”dAfs%ﬁ%lé)&ﬁgctioﬂtcﬂc Qﬁ% 3&1 %Ha’l“én@ fiRREning circuit to

The recei ver genérates a-sa e sl gha |ch ovi des an equivalent tine

representati mdmate | dmtaacmbelwehethagranmm:r/md thAobJemsng the field ftorrs whithiths t he

transm% tim nal to the transmtter and the receive timng
si gnal 1Po t hef é%%"F\f%ﬂe“ e receive tining

The delay in the range of delays over which the timing circuit sweeps the time
between transmission of pulses and ..sampling of the receiver defines the range of the
device_. According to the preseht invenﬁon, this range may vary by less than 300

~nanoseconds, or more particularly by less than 10 nanoseconds in some systems. The
20 time between pulses transmitted by the transmitter should be as long as or longer than the
range of delays over which the sampling is swept.

Thus. the transmit timing signal causes the transmitter to transmit a sequence of
electromagnetic pulses at a pulse repetition rate, and thé receive timing signal sweeps
over the range of delays in a sweep cycle such that echoes are sampled at the pulse

25 repetition rate and with different delays in the range of delays. This produces a sample
signal representing magnitude.of the rece_ivéd echoes in equivalent time.

The pulse repetition rate may be, for example, greater than about lmegaHertz. and
the sweep rate less than about 16kiloHertz, which is the frequency of NTSC video. More
préferébly. the sweep cycle may sweepata swéep rate of less than 100Hertz, for instance,

30 40Hertz. - )
The receiver, according to another aspect of the invention, includes a receive

antenna within a waveguide receive cav1ty. First and second diode samplm_g gates are
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signal causes the receiver to sanple the echoes such tha ' bet ween
t r ansm WO w9737 of pulses in the sequence and sanpl ?’%R%?g’% e receiver
sweeps pverta {ﬁnge of I del ays. I A sanpl e detection circuit is
responsive to e sanple signal and the tim Lrcuit to .indicate
ahdl i t5 ance Meunied withig the repey FAAY a&’ﬂo“’f‘ﬂ?‘%ﬂ%e@? Tecelye gpenpR-e | Thediogs whi ch
t he eg‘aa_ﬁﬁ ' I : ' ive timi icn&le the i of

del ays over [ @lﬁa%‘ﬁeeg ?:{eﬂégeﬁ?yr E:hlj [ :;[ecesu\;\?etelggn ﬂlgﬁ?i _?rgplféu the lﬁ%g? %gﬁe

transni ssi odiffefentiallaneifian T teangtput ofthe tifferentinkanaplifier prowides the samplesignge of

t he - . devjce. According to the present .inavention, .tLhis range.nmy var
by |ess thaW.eﬂBUalem time. ﬂ?f‘éi‘i‘g?\‘%ﬁﬁ?ﬁg’,ng?)g&rfﬁ}‘%le‘gg‘tof’? sgylhveggl\feggidxqg]gn 10y
nanosegond_s dred Qi téétrgs‘g@ctivylﬁviags. time between pul ses transnmtted by
the transm tter shoul d be"as long as or |onger than the - range of
?el ays over }M‘ll Cih 4 dide-Bysirlé anayigemenstyehp radiators or antenria element$inthe cavidestareansni t

i mng signal causes the transmfter to transpit a sequence. of.
el ect Iromag nisx f spanedsapart-pargliel ¢pafigyratinn, | i’} 8 aﬂ‘afe’eﬁe P setdﬂgnpg%gegte e ni ng
si gnal sweeps,. Qver ; . Ph"% r'S Cine t hat
echoes are. gaihaﬁ?rgdora?nt.rxﬁlg ?)%F‘g%tg gﬁ_%e %%‘ggggt ?%éisgd_ rat esé“gﬁéc}tﬁmmt ir? oi ffé(;ur ent
del ays in t8Rectiond eTHf opposed\tadiatdiarfanpemeh ixeffeatiwtopréduce main bangsiogplihg
representing magnitude of the received echoes in equivalent tine.
. The pdPse: rggwentlvrtrmanéanﬁyn%}dtﬁww’e%me, greater than about

| mregaHertz, and .t he .sy : . . ' ki - whi
is the f requencyASformB ,3%@%%@%1%@%%?@{@?%@# 61'(“%3 sg{ﬁgfa%ﬁ %/CI laCh
ey sweep apat@ Kudewden prbeded whishSopdiaes i) tHdendar fieldr 1i oedrestnes alB@f the

40Her t z. o _ The receiver, according to another aspect of the
i nventi on, defidiengies of priovast yirasound range findessyand,ip FRCH MOTGBGFBEAS and Ga8IER| v

cavity. First, and _second, diof anpl.ing. : T WO 96/ 19737 -
PCT/ US95/ 16‘7‘8‘(?’1’%“’“&&“ thﬁ.gm&aa%}ﬁﬁ?%mtqgées%?g%éI%\f;%ppégetlugn? "dand connected to
the regei ve ant eqfa presBft ifAHRN achieves arbéiRbidifarg dveb ofifinginp land dldsg-in he

rece! ve timng signal. and feed the i nts_)l;:s of the - di fferenti al
anplifier. T€httensuppaession. tAteragdsf furthen fouringhes &onpthe\seatos. HRGINg aRg)| o

si g na‘l clutter are 30dB lower than a strong return echo. Most prior art attempts to build close

- range, wide band radar result in just the opposite effect. that is, ringing and clutter are

30dB stronger than the received echo, and a background subtraction te'chriique had to be

20 applied. Having to include a background subtract technology in the radar greatly reducés
the dynamic range and stability. and COmplicatés the circuitry. -

Other aspects and advantages of the present invention can be seen upon review

of the figures. the detailed description, and the claims which follow.

55 ) _ | _ .
. Fig. 1 is a block diagram of the wide band radar according to the present
invention. o o .
Fig. 2 illustrates the waveguide cavities and ‘antenna configuration of one
‘'embodiment of the present invention.
- 30 Fig. 3 shows echo r_etums'generated by a radar according to the present invention.
Fig. 4A is a schematic diagram illustratiﬁg use of a diélcctric lens with the |

transmitter of the present invention.
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in equi vaywewkndéme. The antennas conprise AC coupl ed nonopPCRUSMWIGTS3

resistive loading 5 formed within the respective cavities.

In a side-by-side arrangeneént, the radiators or antenna el ements in t he
cavities are Fig. 4B1|1mstsz{tes:a3£hnqﬂaslgnﬂar allel configuration. In an

al ternat e opposed enbodi nént radi ators_or antenna el errents I n

the cavities are CoBi adsm %ﬁﬁmé‘k‘i dingran, illystradug) use of an anggnpa horg yath thee

opposed radi §fREmfer 3PS Ent'xﬁxaé?ﬁﬁ:ﬁcuve to reduce nain bang coupling 10
between the transmt antenna and recei ve antenna.

Accordingly, a w digfashdwsadttionsiof fa sigr@hproesssorfor ose, witinthelpresenigineersionpt

range  _ gate_has been provided which operates in the near field. It
overcones all of thigs. 7A-7G provm@@l%mab@hmatmdlwmn&f apdar aseanding It%ﬁbge
finders, and e accurate and easier to i nplenent than the
FIVC\Nradar sdr% HHBO @é types of applications. 15 ° The present

i nvention achi eves:xgns o b Idrgwitlg ATtie keXeive anll transgitn@vitiesl detcupted fiom one
clutter suppression. At ranges further than four inches fromthe sensor,

ringing and another by a space between UraBitiedwer than a strong return echo. Most

prior art attenpt n result in
just the opposi te%é# gful drqq'ﬂﬁggftgxerwwamcbﬁ%gi ﬁam‘? Vstf%&ndﬁlqwe damg BB

st ronget0 t hareldniénts ®@upled esithe pefmeRAbIIdGRhES i theretiivagid wihsinidavitigsle had
'to be 20 applied. Having to include a background subtract technology in

the radar greatly Hegd@desdrawing of the wlmdmmn%tlﬁmvmmmwmm

conplicates the c¢ircuit ect s _and advant ages of
the present r\%‘fﬂ‘??ﬁﬁ @#ggmgg%aeruggﬁrtpge%gﬁ %el%sv%mg SSPseghe figures. the
detai | ed deSC“ pt I%@" 18Aqs taf’tﬁa&in%' dTsthéhécelvef fd! t?&ﬂsmlt %5mes havmg trian C]gular

BRI EF DESCRI PTI ON I's a bl ock di agram
of the wide kteminata@latasmp&hdw theoperimeeters eﬁﬁntrecewe and transmis gavities.

ok ot T S e 4R U0 SPRR FRBLIAL 8, % "
U s gt s, 1= e il
t he t r ansriigt 2 q@enerably pillasteatés ithe eBvfielh.produced by the side-by-side
4 cavity/antenna configurations of Figs. 2. 8-11A.
Fig. 13 generaily illustrates an alternate opposed cavity/antenna configuration and
20 the E-field produced therein. |
'Figs. 14A, B are front and side views of the transmit and receive cavities with
opposed radiator elements of simple geometry; Figs. 14C is a side view of opposed

 radiator elements of morecomplex geometry.

25 ' - DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
| - A detailed description of preferred embodiments: of the present invention is
provided with_respent to the figures, in which Fig. 1 provides a block diagram of the
sensor. | N ' _
As can be seen in Fig. 1, the radar includes a one and one-quarter inch monopole
30 antenna 10 for the transmitter, and a one and one-quarter inch monopole antenna 11 for

the receiver. The transmit antenna is used to transmit a sequence of electromagnetic



WO 96/ 19737 '

PCT/ US9RYQ 86719337 Fig. 4Billustrates a sarﬁﬁréuss?ls’é?]’g?._

Fig. 5is a schematic diagramillustrating use of an antenna horn with the
transmtter of the presept jnvention. _ . Fig. .6 owWs. portions
of a signal Pﬁk&%éggwﬁx o Eisst_wme{*ﬁ8“'5?S§§Bﬂffﬁaﬂv°@?€f dfacedt £t °

Fi gs. 7A- TGHIPY HE séHiof | Ffelechéed! geheRAyal! dre ?écéﬁééli%’ﬂie récdifélafterd@aq! di ng to
t he present 1 nvention. _ .Fig. 8 is a drawing of the
recei ve and trandhetsequence ofcsectromagpitispulses aregenerated in responsgithatrapsmit space
bet ween the caviti.es . Fig. 918 dr.aw.ng. of the receive and
Cranem t calocken ige I Thesmasaitelpek instirting byo ol SrBRhPE Hosti} eshéEhr e
peri nmetsers i : ¥t hyie. Th phise fpetid rpﬁéq! Ilgll, t

Fig. 10 is gk’cﬁ%ﬂﬁgﬂgfm?%ﬁgel vg%gﬁgmt ransrrr’i ts cavi t? es av‘?ﬁggn?ggirat ive
danpi.ng may becdidreeed wsimx4 dithiring rhechanising 70if desiretl for naismimmuity ini the d

bei ng sensed. .. o SFg. 1 LS a awi ng of the receiv nd
transnit casFaseEsThgyansmit clock-Qptding 1 lrives & 18{’8?9‘??%3{‘% Hbls'bs?ﬂeé%“c&%rged to
the perimetgr e LAYBRE 10 thidVbA & Bspacilor 19, The ant 161 9s.
11B and 11C%6§‘8§/]|£t8@h§¥1{§§q§r?§ﬁteg%%em of the gtru%ptaﬁre of Fiega.nem. to
show posi ti da registivelly headed hronopdle antepmhan heing a transmit load resistorr2Qycoupizd to
generally illustrates the E-field produced by the side-by-side

cavi t y¥0ant edrggowsiplanpdlat i ons of Figs. 2. 8-1 IA _ Fig. 13

general l'y illustrgat . - : f hon and
%0 “the 11 el dop ety {uaRa RAPARH. R bhik SRR S AR BT DT |
and si de Vi ayémehntéd@ithinaisdveguide cavity@2| providing shieldingiftom other componpmesed (
radi ator elements of sinple geonetry; Figs. 14Cis_a side view of opposed
radi at or el Ofethe Sersorngndeeaysipedhe glestamagnetic pulses 12 to be issued in afpmward Fp

DESCRI PTI ON NIS, . . - A detail ed description
of preferreg%ﬁg%%ﬁ@twy%%ggﬁ 9% hvention is . - provided with

respects to the fifhéreseive AntédtiaChl FicBupléd Ry @ firsi highpspeed sample gate5. aihd ahe
Sensor.

second high speed sample gate 26. The antenna is connected from the input of the
sample gate 25 to ground across a resistor 27, and the input of sample gate 26 is
connected from ground across resistor 28. Also, a trim resistor Rygpy 29 is connected
ﬁém the input of sampie'gate 26 to ground. Antenna 11 is a capacitively and resistively
20 loaded monopole antenna. having a transmit load capacitor 51 and a series 'tré.nsmit load
| resistor 52 coupled to a ground plane 23. The antenna 11 and associated components and
sample gates 25, 26 are mounted within a waveguide cavity 24.
The sample gates are strobed using a pulse forming network 30 driven by a 100
picosecond pulse generator 31 (e.g. transistor). The 100 picosecon& pulse generator is
25 controlled by a receive timing clock on line 32. The receive timing clock is swept over
a range of delays by an exponential ramp delay circuit 33. The input to the ramp delay
circuit is the transmit clock on line 15. The sweep of the 'ramp"delay circuit 33 is
controlled by an exponential ramp generator 34 which is coupled across line 35 to the
ramp delay circuit 33. The ramp on line 35 also drives a sensitivity time controller 36.
30 The sample gates 26 and 25 are coupléd to differential amplifier 37. The output
of the differential amplifier 37 is supplied on line 38asan input to the sensitivity time
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“As can kgoe@Pmin Fig. 1, the radar includes a one and orRCR{USHS16783| nch
nonopol e 30 ~antenna 10 for the transmitter, and a one and one-quarter
i nch nmonopol e antenna 11 for the receiver. The transmt antenna is
‘used to trarsfirblier Thiguensiivifing controlleregimpérisates for the magnitude of the echoes

-5- WD 96/ 19737 0 . .
PCT/ US95/ 16 7eesived as the rangg pLibe echodnereasesy 12, El ectromagnetic pul ses echo

achoas, “gener al | Ay Ot Aol fme conpalet SHEpRY 1 ApREPSS which®

echoes, generally re recelve receive

The sequenceaupplictl rhgofidgiatizédequivalean tindessigmab on dihe d0 irepreentin te echoss
transmt . clock on line 15. The transmt clock is supplied by a
pul se r¥&pet ibeingreceived; chhe sample signglron line 40 issypplicdiip R-Mignal grocesspedhi®rtz in

t hi s exanpl e,_ . Thi bl Ir . may be

di t hered usi'ﬂ%1 %ﬁ% fﬁﬁ%ﬁ%‘gﬁgé %‘ﬁi sﬁétll?’qﬁs &gégslg.ﬁgg{e?s tgfr?ﬁ)%eoslxgng l'i munity in
t he Sensdrhe ekBénentialtafib gedrt6d341 cohtasllelihyd ralifssvieep @endthrepgds.cond
pul se generator (e. ‘ a transistor) which is coupled to the

18 .
antenna 10 tnemingly at iin 8is exampiere Alses therdHegz range sweep generatesdkis vel y

| oaded nonopol e, ant enna, havi ng.a.transmi, | oad. resi st or coupled.to 10
a ground pl a%ggyls.“p&y async s‘g“aQ% Whﬁg‘ ’§é’ﬁ% ﬁ?‘s gl qrgn%ea%qrr%:gt %‘%ﬁﬂﬁhe%%
figurejothe Bptsfrol pERPodsqh thehedistkant enna 10 are nounted within a

wavegui de cavity 22. providing shielding from ot her conponents on

t he sensor, and cHuwsithgpulserepétition frequenay génerater 16dsivasa transipis pulse gendrator a

f orward direction, wW.th limted back.l ob eneration. .15

The recei ve Wipihapplies 3100 isgsesondsten to £ rsistiyaly fpededb ayity bavked opapolss. ang
a S efRdtha (9D TRE $ifhe SR SatlHAuds an diPoAdta Valtdge aMBNERLRGB4 rom
t he input of thea ' efgt&rerple'ggate 25utoa8réc’)‘§gd acrosst,dgg regi stor 27. and
t he i nput  of previdinga rgalttimeéX@ngessweep circuit witin fiercixeniple; 20taytbnantsexond sweep

S 28 Sebb i bl P S GBS e "
L5158 UL, 8, Y IR s A s 0 6 SR i R
exponential voltage ramp circuit is extremely simple, stable, and low cost, providing
nanosecond speed sweep circuits. The range is swept at 40 Hertz in the example, and the
40 Hertz sync pulse is prov_idéd .,to tﬁgger a monitor scope or digitizer used by the signal
20 processor 41. The delay circuit drives a fast transistor to provide a gate puise to the
receive Sampler. The receive sampler has a transformerless differential input with a high
common mode rejection. Differential. operation is used to reduce ground currents
coupled from the transmit pulse through the sheet inductance of the ground plane. The
equivalent time exponential ramp also drives a sensitivity time control 36 that maintains
25 | constant amplitude output puises regardless of range to the target. The STC circuit
. .emplo.yé FETs as attenuators that scale according to the range ramp voltage as modified
by a range modelling circuit in the STC. A separate signal attenuator and range
- modelling attenuator FET are forced to tréck with high precision through a servo loop.
The absolute accuracy of .the_system is limited by drift in the gate deiays and the
30 components used to implement the radar. One source of such drift is the ramp generator.
| An alternative system for causing the swept deléy could be based on tuned quartz

oscillators. A first quartz oscillator used for the pulse repetition frequency generator is
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resistor 52 coupled to a ground plane 23. The antenna 11 sqocj.at ed
corrponen‘y G/AY 'P sanpl e gates 25. 26 are nounted w?‘ﬁﬁ“g@? egui de
cavity 24. The sanpl e gates are strobed using a pul se

form ng network 30 driyen by a 100 cosecond pul se generator 31
(e.g. tgransF‘E‘t%r‘l}e S X?G@Wbﬂ%‘b%@l“}f&?}é@% ﬁ@rs&[‘%‘i ﬁ%’ée 3“3%‘2 056'8ﬁl°FoI | ed
by a recei V%o&lkl”i’,é"get% %ﬁ% C}@glédngﬁ f?t%uexmeleése&@'s%eﬁ' 2&1&'&%’ Hert ?‘Q% 3. The

over a range o y an _exponential ranp ay circul

i nput to thmegaﬁprtzienay{ertz) ‘The secmrdxample gat¢ tepetitiomfequency gexieram woulé 15.
The sweep of th Eg dela cir.cuit 33 IS, - confroll ed by an
exponent i al 4 eg@ gspespioria tignulse ?@les)mswe& e ¢ TeREivaSATRRle Eves.

ranp dej ay g@qu&&er&%scm?orrfaﬁghneﬂmm 2 i eistPyRua RSkt by | i me

controller are ¢

di ff er ent i alcoinoidendel ofithedrsing édgeQiﬂtliBﬁ'ansmlt pulse repetitibn fidghéney gaﬁerﬁbr,&ﬁm ifier
37 is supplled on line 38 as an input to the sensitivity tinme-
-6- the regqivepulseygenerator. Because of the stability possible for quartz generators, the

E%gﬁgg{ égéﬁﬁ int erecexve ar*cﬁ&%ng:;l i mgg@ﬁl‘g%&ﬂﬁ'b'é'pyécﬁs\élé;&éﬁﬁg cpatsr ?lhlae; ange

.of the echo incr ems eﬁhenng of the pulse repeunom&qﬁuicpgéneﬁtoxtﬁwamgehmﬁumwl e
controller is supplied to anplifier 39 which uppl i es. a range

lr)lor mal i0zed ovithi similansystemgdn thegm: fighd. :"Ehué, wm@ppéwmmuldﬁe positioned 5
i T
rocossor - o fEfesitd s B SpaaP iRnichS 1o Rrifod Prdghe BN b sihuiifBom |

response tOférhﬂn§Qd}maﬁ-oﬁ,lu}aﬁ\|apphcauOns ' The exponential ranp
generator 34 is controlled by a range sweep generat or 45, nom naII;’

at 40Hertz in thiFig. e3<dnmm the\physical [arangrrant of ithen g@temeqndgtbqeiuﬁarmtna% i s.
used to sup nal . 46 .which is us e Qcessor 41,
and ot her v g Phfrberth A 5reif Anichoer ioss sy St R TGSy 1

15 60 and the R cavity 61. Thus, the monopole antenna 10, including, the capacitor 19 and

load resistor 20 are mounted within a 1% inch high transmit cavity 60. Also, the transmit
pulse generatihg transistor 18 is mounted within the caﬁity. A drive feed hole 64 -is.
formed in the transmit cavity 60 through which the electronics communicate.
The receive cavity 61 also includes a strobe feed hole 65 through which the
20 electronics are coupled to the pair of samplers 66 for the receiver. The resistors 27 and
28 are mounted within the receive cavity. Also, the antenna consisting of the load
resistor 52 and load capacitor 51 on the monopole 11 are mounted across the 1% inch
high receive cavity 61. |
The transmit cavity and the receive cavity are mounted ona shxeldmg box 70 and
25 all circuitry except the items in the transmit and receive cavities are mounted under the
shield. e
The AC coupling of the resistively loaded monopole antennas 10 and 11 perform
different functions. For the transmit antenna 10, the capacitor 19 prevents biasing on the
pulse generating transistor 18 from being shunted to ground. The capacitor 51 on the
30 receive antenna prevents residual low frequency currents from the transmit pulse from

being coupled into the antenna 11 via the shield.



‘Thus, thwonshem7repetition frequency generator 16 drives ®RCIUBISH7B3 pul se
gener at or ' - 18 which supplies a 100 picosecond step to a resistively
l oaded, cavity backed. nonopol e antenna 10.. The range del ay path

i ncl udes an eXponqmé trahsmiPAidaeRiveavti6d d&&éll :fnetarlor inetal coate@RNVE§lidcadites al
time range sweep.circuit with, for exa a 0 to 10 nanosecond sweep 15
range. An eq wnhan@nclosqdrmeleibwh@hmmn ngaqk lobe Qrmtlon:ba thestransmif antgnna. and
reference, such t

Goeep that 1 opkayeE el cirtions! phapachhiE oF S bsicee VA hig Sdpiefichyfo B

circuit is ex:hﬁmkar palsE iR propagdit Yitha kld 8wieAsIf abBito)s08 vAh less than 3dB
nanosecond speed sweep circuits. The ran% Is swept at 40 Hertz in the

exanpl e, and att¢nuation relative40 thdenm leben d'hebackelobe gq:newme\mltht muqtmymilea
nonit or scope or iti.zer t he si nal S0r

“delay circuit dri g@g"‘e&mf’ﬁiq ﬁlg @Yies fg caé{“’ﬁg’t i‘saée fet";}:ay

recei ve sanp ueglgneﬁhwlth%slc!ﬁeﬁ Heghedty *mh@phrsa@ﬁi‘ REREtb eo%éra@é h{ ariefdse!

i nput with a high common node rejection. Differential operation is
used to redusaveguidendincthe embodiment describexh thel apgrdxiroate tdiraensicns sne 1[indhes

h h the shee Th l
Ei :rgugxpgngn?’f iéé‘ﬁg‘e’%{ %aegc%pci% d§ @éﬁ@ﬂﬁ}&‘?‘?&ﬁ%&éb?ﬂ@%?% u"lrf}é?" v
mai ntaigs 2560, The BAsH A the &Rl ﬂ'l%ﬁréelé& Fl?,ﬁ/, Rh&SRe e@ﬁfcﬁ'h@-ﬁ o 373

the target. The STC circuit npl oys FETs as attenuators’ that- scal e
accordi ng towile range ranp voltage as nodified _ - by a range

nodelling circuit _jn the STC separate signal  attenuator and range
model | i ng attenuaN?F ¢ g3te Pyiss gagraQr 1y R‘CWI%F‘F%%“%F@@VQH@H‘efWBUQh a

servo | oop. d q&é%h %&E&Yi h: i t ed
by drift in t (laegtg?seu §|°%‘§/‘2’ g taﬁ fi pilsg one%t gﬁ%%g%ﬁﬁcﬁ@e'dﬁm nt the
radar. One scheteansmiit cavithh drift is the ranp generator. - An

al ternaltlve system for causing the swept delay could be based on tuned

quart z osdine| e wdugtance, of; the Fadar fawyes Fouples; the Jeansmi pulsectopthie s e
f ‘;Pet ition f 5‘&‘3@@1 @%)lsgg%@?éh%e éx%und plane. The differential input of the amphﬁer cancels

PCT/ US95/ 16733t the ground plaf€hoisd. Al®, HRSAC Buplingtoitthe tecepreCahtéttha JinkBOdbEler t Z.
The second tuned quartz oscillator -
amount of low frequency noise coupled into the receiver. The shielding provided by the

transmit and receive cavities prevents direct coupling of the transmitter pulse into the
20 receiver.

The waveguide lauhch type system implemented by the waveguide cavity shown
in Fig. 2 can be improved using a horn or dielectric lens as described below providing
gain for the receive signal and a narrow beam width.

Fig. 3 is a graph illustrating the signals generated using the radar of Fig. 2. Tﬁe

25 plot is of the sample signal on line 40 from Fig. 1. Two traces are illustrated, a first trace
100 showing the result of an echo at 30cm and a second trace 150 showing the result of
an echo at 60cm. The signals include an initial pulse 101 which corresponds to the signal
bang caused by the transmit pulse. In the trace 100, a pulse 102 is generated from an

- object at about 30cm. In-trace 150, a pulse 103 is getierated from an object at about

30 . 60cm. As can be seen. in the region between the _pulse 101 and the pulse 102. or the

pulse 101 and the pulse 103, there is very little background noise or clutter. The detected



coul d be ul se repetition frequency |l ess the sweep prRfgd of 40
Hert z (Zﬁ;‘_ﬂﬂ%’pmgal—brtz - 40 Hertz). The second sanple gate rﬁtiaggg:’fition
frequency generat or woul d drive the pul se generator in the pul se

osci i 1otor 1 oo kb feBnkel il e e PARRisTod B2 o poby: 1008 s thebibe,

coi nci dence -gfrorigyeturh 8¢Hog edge of the transmit pul se repetition frequency
generator, and the receive pul se generator. Because of the
stability possi bl &he glutterin theregjombetween the tragsmit bang 101 ang} the sighal 108 gomes:ei ve
and transmt gt jm | gnal s coul d. he precisel trolled.. ..

The ditheri n§5%"fr9 ‘{Lﬁgaﬁ F@%%Se@@???&ﬁgwﬁga@g H@E %%WSY"'&“‘%?‘E?\‘R“&%?‘%‘? se

i mmuni tg 10 by thé irinshhifbigadl Bang! Fedubed dignad d6Teluttbiatio cah We acKieéd g Of
systens coul d be positioned ] as desired at different spatial

| ocati ons t oteghriquesalesaribed hejowayithoeferanceto Eigsl 84hrugtel I. Fusthenimprovements
formng for nparrow beam applicati.ons. . Fig.,2 depicts the
physical arr ngeer.ﬁgmevf)‘m)f ﬁ'@’pgﬁﬁ'g% ﬁ@i‘eﬁﬁ?&sﬁw %e_f‘?'gfmtb%ﬁhan an?. 2 CqURhl er .
The transmit ria%idg.r ¢ QB o igit) Bac Yab@&@idnicin BEARSEH whel :E}dc%gsiné he T
cavity 15 ~ b0 and the R cavity 61. Thus, the nonopol e antenna 10.

i ncl udi ng t heesewrees atecavailgble tel minimize intérfeachce foing chatte0 Alse, moasutements t hi n
a 1l[ern], inch hi transmi-cavity 60. Also, the transmt . . ul se
generatllbng 1 wg}fé‘@mmf%o% PR e %r{aﬁilﬁ"ﬂ V% gt order of i Rigoseensid: 91 ¢ 64
is - Ta8die0.01MndHes. Thay) e rbsohtionlof tl@)s_ehﬁfr‘ab'g&ﬂgﬁ%swg fiileSCt roni cs
communi cat e. : The receive cavity 61 also includes a strobe
feed hol e 65 thr olbtinitiel phise$ 0120 the traces $@Q ansh] 50sat thesextremelleftlateaesidhmlpai r (
of sanplers 66 for the.receiver, The.resistors.27 an 28 are

Tount o0 w ¢ hiTRm RN “FE bt ccuRing ok o AHRsOLranes: Thrratesrslight | oad
resistor 52 ; | ; ; : 5s the
Iferr] i noh Fopled QBREARRG < Bhing bull che\pRRRRNilging i RRFURE iU,

cavi ty land t B@dB éowervthan ahe échoes £02rand1103] sezn a 39bmedndi 60gmb 0Xhés0 residiehis? 5

all circuitry except the ite | he transm.t d receive cavitjes are
mount ed unde?lepfﬁgn Signa S"’%‘ﬁ% 11806 times weaker than thejransmat pul; cFWﬁmgFmg‘he

resistively LWEQdmgapéﬁ.ﬁ@rptennas 10 and Il perform di fferent
functions. For the transmt antenna 10, the capacitor 19 prevents biasing
on the _ puFige44dihestrates twp fearuresivatiich mag bé ineluded with théradhestcodingg ound.

The capac'i tor '31 on the receive antenna prevents residual | ow

30, ¢ ]
frequency cul®BRPESSFRIGRYENton: 1n Rigo. fhgiradars rraresented by theesymbob2fhi Bae i nt o
the anggnna L,y érﬂit_§ BSightY hicligh a dielectric lens 201 which creates a directional lobe 202,

improving the sensitivity and directional control of the radar.
Also, Fig. 4A illustrates use of a fiducial object 203 within the field of the radar
200. The fiducial object may be used with or without the dielectric lens 201 as suits a
particular application. The purpose of the fiducial object is to provide p‘récise calibration
25 of the sample signal. Thus, a sample signal 204 is illustrated in Fig. 4B. It includes the
initial bump 205,' caused by the transmit pulse. An echo 206 is received from the fiducial
6bject 203, and thereafter an echo 207 is récei_ved from the object 208 within the field
202 of the radar 200. Because the ﬁducial object 203 is at a known position relative to |
. the transmitter on the radar 200, any drift in the components of the radar which might be
30 - reflected in the distance between the initial pulse 205. and the echo 207 from the object,
will be cancelléd. This provides a better indication bf the distance of the object 208 from
the radar 200. |
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*PCT/ USOWd 668337 WO 96/ 19737 The transni tPCEUSISHEMSBY e
cavities are all -netal, or netal coated wavegui de cavities wth an
encl osed back 71 which prevents back | obe creati.on.by the transmt antenna,

and i nprovEg. 3 hrskliEnet ot akdaabe configirtionTor the eadhf. Aapaiticubr, Wth
this configuration. . transmtted_pulse wll propagate with a

t he
field of viekigof showes@radas 30Qwith an antgnnahom 36jipused for preduc iregtional|lehe ve t o

the main | oD%y siheRRGE AQUR BERGHALLEY \l}ﬁ%ﬂlﬁse B Ui g BRbdfinal nom 301 is

As mentioned a ove, € cavitresfare wa de cavitres,

preferably another vigSofiffpeovihg thetseasitivity 6f the radurcandycontrolling: the! diredional M nd,
to operate as a | ossless wavegui de. In the enbodi ment described, the
appr oxi frat e diamstesisiessofdt.e 1[err] i nches ' hi gh, 1[err] inches deep,

and 1[err] w de, r..poth the cejyve Vi 61 and t tgansnt cavity 10
50. The buse i 1 T disiae lebf of 644 anf B cinpiohein b3 @R RProsiiv 1 o
high, and 3[efaVide Vaf&$ of modificatiofs 8£the antenna and cavig/y strublibeSwhich nal/ b uS&f ©

pul se generator is underneath the shielding base 70. rather than

i nsi de the storcobwolthe charaaieristies ofide fiekdhwithin whichsbe gensor oparatgs. (Whensisingr i s
nmounted wthin . the transm, .cavity. 1 . . The shee

nduct ance. o Selpgtrie et Sy BETAgitR betorh and obipa tenpe pip. ¥ & Rfgrable
receivep, Motk 4 v Wkledtdi® cOispinf nattridl Such! Bt FhbrytPepsY feddnahf3UWvitRthd Ne.
anplifier cancels - out the ground plane noiSe. Al so, the AC coupling -

on the recei agennataanitizs latenetiacetihFor instance. alens made fof Ipetroleuragpikinca plastics e
coupled into the receiyer. The shjel din rovi ded by. the Ltransmt
andr ecel ve. SHRPMIGH DIV iR SreaidEs gatn BbH rdhcipg Hnging bers the ertat | ne o
the 20 I eGhlsMBf Is 2.5 for the petroldfif off2vegui de [ aunch type system
i npl ement ed by tﬁee'\x/g‘\l/ae%ui Cfgr ch‘/’f& ‘?ﬁg\/\n . in Fig. 2 can be inproved
usi ng a horn or dFigl édlusirated anesigaal plecessingechriiqieovhicir may be wsgd for detectingyai n
for thﬁ receive,signal _and a narro ' ' is a
i

. b i dt h, . Fig. .3
graph i1P1 ust thsdistangeef & ghissts ’%‘Eﬁg‘l’ aae i 3”% iPAGicHlsE ms&sanabpwsjor' gr. thife 25

plot is of t ?tﬂﬂig | I ' : L ﬁ?&&%

I 1l ustrated, &g‘b | rsl'ltlﬁ?‘?g%é%m%CBM%O@Si%%gh?%neﬂyr%gu teéo ankgé(i:(ﬁ%glat
30cm and a sThohimegaiatzlidtk 0D W engbledby gat6 602. Gdte 602 is turnedisn Bthe oatpub0cm
The signals include an initial_ pulse 101 whjich _corresponds to the signal
bang caused 8fthe hinary element éohuTE@marﬁ element is adlip-flop whichyisset by the4Q He

gen 2t o0 {8l kepe sy Wyl 5t clind g’ 365 R B 3 10°
r egi on 2bet weesmpdittop 604.€ TR donpdatb 6040¢0myardsQhe saiplé Bignal from line B0Ivith 4 01
and the pulse 103, there is very little background noise or clutter. The
det ect ed threshold voltage on line 60% Also. a reset controller 606 is signalled by the 40 Hertz
signal on line 46 to reset the range counter 600, and supplies a reset signal on line 607
to a data processor which processes the data.
The system operates by enabling the range counter 600 at the beginning of each
25 sweep in résponse to the 40 Hertz signal on line 46. When the sample signal on line 40
crosses the threshold, as indicated by the outpﬁt of the comparator 604, the binary
element 603 is reset. turning off the clock to the counter 600. The value of the counter
600 is then read out, thé-valué indicating the time between the beginning of a range
sweep and the receiving of an echo with a sufficient magnitude._
30 "-The accuracy of the range counter 600 is determined by the drift in the timing
components, and the speed of the clock 601. With a. 10 megaHertz clock, and a 40 Hertz

range sweep, the granularity of the range counter 600 is 250,000 levels per sweep. This
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PCT/ USo3YQ8&¥337 echo has been neasured, such that the background

noi se i s about 30dB | ower than the strong return echo.
The clutter in the region betweep.the, transnt.b 101 .and the signal 103
cones _P’°‘Fﬁl‘?§%‘8§‘?¥/%‘?°l‘@fwe '%%W@l—fi‘,caﬁ’ ﬁ%\“ﬂhﬁeﬁggﬁs’rﬂ?lrﬂjmfeﬁ“%@’ | s of
the wave gu&g]ﬁ,&&@%{,ﬁ.&&gf@ﬁﬁcwﬁsﬁcsoflgye533&t.transm't signal bang. A

a

reduced sign to clutter ratio can be achieved using t echni ques
descri bed bel ow Mlsd the#8rierzesignal Bndine 4 may bageplaced Wua tsimilari thyssholénent s

b hi db [ l.utt . db he g ofh t
ant enna. cay Gepctor Which s peddp Afkeckthe iniipl PRISF Eengraled thihe saokile SRRl SISBE act | on
can be qitil 'tﬂefﬂnsewnoﬁ RS pifle. such ps the pARE06 BSing ERcuiVREAAGIES kKhown

m nim Ze interterence C measur enents 10 I ndi cat e t hat
jitter of thetheadrtirn echo signals is very laow, on the order of 1

pi cosecond, or . about 0.01 inches. Thus, f.he resolution of the
sensor as confi gligsd FAs7Geprpvide 78, electrical ‘schematic ngnﬁq OF the radar Girewiry 101

in the ”ac‘?ﬁxpﬂeg%n?e@gviﬁ?&e%temfstﬁf&ﬁﬁg &,ﬁ?thpéﬁrf '_resi-dual S ' from

the transmt “main ng" occurring at less 4 inches of range.

Thereafter. sliglRig. 7A shows the2nhegaHeerepulse répesition fiequengyigeneratot whichtise echo
represent ringing and clutter that is, about 12 ... 30dB Io%N_er tha_}bpt,he.
echoesl002 sampossd efdiavertar 700dmsames Witk iaverta2Q1.  The gutpptof inverter 700ds, osent.

i | h QRO L1 MEs: t : yash : i |
o Pow nanoscobated P i BinVEiel 901 ARsikidf 767 §RoMceidRitiart diFGitbldRd, O Y
whi ch may benvepet 700 iwiihput! Adso, adagacherc?d3ds dghnected from the otifpat ¢f iaserter

invention. In Fig. 4A. the radar is represented by the synbol 200. The 20
radar enits 7@!$¢§1¢anputmf@ugneam-e| ectric tens 201 which creates a

directional | obe 2}’22. r 704 is °°“ﬁe%a%£%‘%§&£§tggﬁj‘kh¥ t')""%g‘}-gﬂg{f%gé&gﬁal

control of the rd8 _ : l'ustr _ a
fiducipd objigghdiaQapdcitbt 703 &sipfedab dodd 7061 cTeamade of diode 707 is connected to

node 706, and its cathode is connected to ground. The anode of diode 708 is connected

to a -3 volt supply node 709, and its cathode is connected to node 706. Capacitor 710 is
coupled from ground to the -3 volt supply node 709. .
The pulse repetition frequency generator supplies its output on node 715. Node
20 715 is driven through trim resistor 716 to inverter 717. “The output of inverte; 717 is
supplied to the pulse shaping circuitry described with reference to Fig. 7C which will
ultimately drive the pulse generator. |
~ Also, node 715 is connected through resistor 718 to node 719. Node 719 is
connected through a trim capacitor 720 to ground. Also, node 719 is the iilput of inverter
25 - 721 which supplies a signal on line 722 whicb drives the receive timing signal generator
circuitry of Fig. D. ' ' | '

Node 719 receives an exponential ramp through resistor 725 from the output of
op-amp 726. Op-amp 726 has its output connected to its inverting input, and its positive
input connected to node 727.  Node 727 is coupled through- a Mylar capacitor 728 to

30 gfound. and to the collector of bipolar transistor 729 The collector of transistor 729 is
also coupled through resistor 730 to a 5 volt supply. The emitter of transistor 729 is
connected to ground. The base of transistor 729 is connected to node 731. Node 731 is
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'200. ThewlogdHeisal object nay be used with or without the @cEiuses/i16783 | ens
201 as suits a , particul ar application. The purpose of the fiduci al
object is to provide precise calibration 25 of the sanmple signal. Thus,

a sanple sig - LS lddist r-abed, i i L 2
Etinectfifthircu r%é;}ﬁ(%rrﬁ-%j%ioﬂmf afid tftblagh fsibeBF Y31 daleitor 73410

initial bunp 205, caus he transmt pu .
fromthe fidomdeal3S. Node 735 shheaitp@©8a 46 kidrtz beaneaéillator implemknted by inverter

received frogmthe objegt. 208 within.th ield 202 of ft.he ra 200.
bcause 1 ho TYHSrae i igtiricn g57., Rebisior J38 Insamosisd from e SBIEal otjBvarise 15¢

the transmt st A% gﬂ—b ' | Jalssatalefyar ¥ adar
whi ch m ght gfs?:gﬁht ersg][ ?g@{lgﬁgﬁaﬁ ltt e 9§§ géﬂélﬁ%tgd E‘gﬁ‘m@eﬁm@he&f'ﬁ?’ﬁﬁ?gb se
205, and t hethedipmt @fifivénter736.nThojvese supply on inverteri 736 isfed by nesistdred0 wilticls
provi des a better indication of the distance_of.  the object 208 from

the radar 20t§.connectedtoa s vo{psppmly.14isg;a capacitor 741 is connected from the supply input -

PCT/ US95/ 167§§i{werter 736 to sround Fig. 5illustrates yet another alternative
configuration for the rafar. il n particular. - Fig. 5 shows a radar
300 wi th an ant enAtsolthe duipliiloniigid 736 rof iectlLdérascan dsoilkatdr ie sapplied birough

302 for the radar.. As will be appreciated by those in the art, the

di rectional FSisier3a tg a sync output 746 whikyis yeeg byrthe signal ProfgsIoke sensitivity of
h T and © i . . . TLatie 2
The d aPectric 1 onhé St hOGuBl Gpaifas i an skodrREATAED WHIUES dRled

represent at i theough resistor P15 @ thé Hpuvéfiinedner g21.nodi fi cati ons of the antenna
and cavity structure which may be used “to control the

-charact eri stics offhe tereshold gf veriem7Ziheyablishes areexnonensipd dglayscharagenisiiei ng

di el ' J he. api d .qbt ai in,
"o ref er AR Sebodtibd Sicbefial BpuRBebAin e TarE h Bt MRS 0RR o
Fabry- Perot {48868 on\nki720.he antenna cavities - are reduced. For

instance, a lens nade of petroleumoil in a plastic cont ai ner
provi ddd up to t wdhe gxpanegtialramipta dag outputrafcapeamiy 726 ingalse conticeted through

dielectric . I [ . eq 2.5 h I il.
Fio 6111 usteistess S0 telimbtine nBdoct Sp-aop it OPRmE A5 b FeRHuE 357 or
det ecting 15¢onnete8 fiint h?ﬁ_ﬁﬁm?fo 9 inVENIAE lingult O Thé P8sifidé put bflofRampi 734 igr -

t he signal processor in 'S
connected to ground. Also, the input of inverting op-amp 751 is connected through

resistor 753 to a trim resistor 754 for trimming the gain of the STC. The output of op-

20 amp 751 is connected on 1ine_755 to the STC circuit of Fig. 7E.

' The power supply voltages in this system as shown in Fig. 7B are supplied from
a 9 volt battery at input 756. A capacitor 757 is connected from node 756 to ground. A
regulator 758 supplies a 5 volt output on line 759. Also, a capacitor 760 is connected
from the output on line 759 of the regulator 758.to ground.

25 ~ The signal from the output of ,_invért_er 717 of Fig. 7A is received on line 800 of
Fig. 7C_. Itis supplied to the input of inverter 801. Inverter 801 has its su_pply input fed
by resistor 802 from a 5 volt supply. A capacitor 803 is connected from the supply input
of inverter 801 to ground. The output of the inverter 801 is connected to the input of
inverter 804. The output of inverter 804 is connected on line 805 to the transmit pulse

30 generator shown in Fig. 7F. _ | _

Also. from Fig. 7A, the signal on line 722 is.connected through capacitor 806 to

~ the input of inverter 807. Also, the input of inverter 807 is connected across resistor 808
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enbodi nent includes a range counter 600 which is driven b gaHertz
el

cl ock ®0Q96/19737  The 10 negaHertz clock 601 is enable 02. Gate
602 is turned on by the output of the binary elenment 603. The
binary element is a flip-flop which is set by the 40 Hertz - sweep

gener at or &y grousd: gFe posver buppéy input ofinemien807 isifedyberegistor BP9 couplediottheyy

out put of 2 t Q4 I

o gnal 11 o Yot spply” L Rphcior 81 conp e RERERE sipol i GEANETER 807 i 0P 0
reset cont %RJuh&r TROSuthst oFiitieatr 899 idorhbRedd tiinpit of inverter 8191 delougput | i ne 46
to reset the range counter 600. and supplies a reset. signal_ on_|ine 607

to a data pfimverter®i 1 ssuppligirandine$d2 ta the resgivg pulse generating circuit in Fige 76y st em

operat es by ena at the innin ch 25
sweep i n respon?‘é @I‘t‘ﬁg‘lég"%éﬂag%ﬁlﬂﬁﬁé)%ﬂ |‘%Pnaé"1212 é“ﬁl‘f%ﬂg'f“? g}b% si gnal
on line 40§TC model c‘f'ﬁ:ﬁﬁ t6mpbded of bés@ﬁ&oﬁﬂ) indardlRHVA RS sdties (cofnRtbRGF Of the
conparator 604. the binary el ement 603 is reset, turning off t he

cl ock to t mslstmui!ﬁleancﬁdmde BB2. \Rivciraitry provides at model of the sersiyitytiméien r ead
out, the vaJue inpdicating the t t he begi-n of ara

Oweep and PGt b campetsated s byt SEC chbi B hDds bl el

The accur ah%r&ﬁxn%%g@‘i'?ﬂ@o&gh@éﬁﬁ% e §P8 ni eﬂﬁfcsﬁﬁecfeaqo RYad §153. (No(fetS"'Srlst he
timng nent s e -speed of the clock 601.

- megaHért z comekted mﬂheposiﬁvd-iapﬂltz:f op-amp 824r a'hgmvsnmgmpm ise:ogneemd tamloﬂg/ of the
range counter 600 I s _250.000 |e WO 96/ 19737

PCT/ US95/ 18383 Node 825 is copnested dé%"luah S?Gﬂrlﬁg m@:{wa%% 5 valysunply. #nd hrough can be
utilized by,a,. ﬁbpgﬁwrmgg&@ae RIS YphRP824. Also. zdtreslgt&d%@axggoﬂ,ema'm of

characteri s?l CS O rtz signal on
| ine 46 mayode823w groant. byfha ontpit bfiwp-tinp 824 ds also connected detheqgater ofFETh i s
used to detect the initial puI se genergﬁgd in the sanpl e signal. such as 5

the pul se Weusister83). fThg degimef FRX tansistoy oppgeted tp ag eFQUICE PE i t
t echnyisques FE%%S{stor 830 is écﬂm&#@d & g%]rout}d lmxlarly,ctll}e outgtlaﬁi &Slhe Zﬁ‘ a&%ﬂfﬂy | de an _

el ectrlcal chenma ragramior t adar CcCi ted
with the apémitordd ﬁxu(ghlerofFE_mm. iThe drain of FET 831 is connected to node 832. The

source of FET 831 is connected to ground. The FET 831 provides controlled attenuation

of the signal at the node 832 for the STC compensation.

The output of the differential amplifier in the receiver is received on line 840 from
20 the circuitry of Fig. 7G. It -is supplied through capacitor 841 to node 842. Node 842 is
connected through resistor 843 to ground. and through resistor 844 to node 832. Node
832 is connected to the posmve mput of op-amp 845. Thei mvertmg input of op-amp 845
is connected through resistor 846 in series with capacltor 84710 ground. Also, a resistor
848 i is connected from the output of op-amp 845 to its inverting mput The output of the
25 amg 845 is supplied through a resistor 849 to a video output 850. Capacitor 851 is
- also coupled between the video output 850 and ground. The video output 850 provxdes

the equivalent time sample signal as described above. '
Figs. 7F and 7G illustrate the balance of the circuitry in the radar The transmit
timing clock on line 805 is coupled through a capacitor 900 to node 901. Node 901 is
30  connected through resistor 902 to ground and th;o(:gh resistor 903 to the base of
transistor _904. The emitter of transistor 904 is connected to ground. The collector of

transistor 904 is connected through resistor 905 to node 906. Node 906 is connected
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Fig. 7A WoVsRine 2 megaHertz pul se repetition frequency ®ETAISAYBII8Which is
10 ~conposed of inverter 700 in series with inverter 701. The out put of
inverter 700 is connected to the input of inverter 701. A resistor

702 is connegkRdglf 4 B4Patitst 907 tdpfousd and through a resistoF $08 6Q1ddé 910.t Nod'910 is
Al so, a capacitor 703 is ‘connected fromthe output of inverter 7
to the input cofndcteddhnough qapacitor 911 to ground, and thyaygh resistor 962 tq the § yplisenplyl f r om

th t put of,,i t 70Q..to. . C ' [ ' i t 705
Couptad to. ndesiieoTbeidr s saifr N RO Hled trough B P4 16 BRMoBs [
706, and its p@hhP9E Whick RTEGGHEN 16418 by wifitor D2 BiRESstielyiofdid médpbR

connect ed to a -3 volt supply node 709, and its cathode is

connect U t o antgtina is@Bout Cipiaclies tongid this embodiment. Adsouthe dashed bines$23 ilhustrate t he
-3 volt supply node 709. .. ...1ne pul se repetition frequency
gonerat or  Su FEEPNERS high e puatsdovies Be RIS GR 715 U0 v i ven ¢ hr ough
trimresistor 716 1 rbddWRlnfihg Gibral igteeeitt ditined12] Midobpled trbuptFcapacit
supplied to the pulse shapfﬂﬁliggcllérc&?tryl described wth ?efereﬁ%ecatpgmﬁrg. 7C
which will 930 to nodet93dmtNdde 931iiy eonrreeted dcmss gesistore232rto ground and through '

Al so, node 715.is cgnnected thrqugh yesistor 718 ode ,719.. Node 719 is
connect ed t hiBYRPF “&2'p ﬁﬁbéﬁﬁﬁj&‘ eefglgpc.gl@,r tmﬁaﬁ% ﬂﬁ,@%ﬁﬂ@f%ﬁt‘g Sf]:’ﬁe

| nput ofq | VG bdtinedied o grédnk. Wiie COICLHAIRE trikidtory34 Wonfbetd tifoulR fesfihir s
drives the receive timhg signal generator circuitry-o I'g. /D.
Node 719 recaouede 986. dqule936 is chnectedmcrdss tesiforr933its therS villGsupplyyandigcrosst put
of o] 6 has its_output connected to its inverting

i nput, and i R’ég%@; gg %.@qg;O%gdp-_ ZI%F ealiectoroof teansister 954 alsgsupplies the gate pyjse; s
of bi pol ar ¢ raups ModtiofaRe dubbe i Sabibiy sptes 8 M Meei Bk, 'THE riRlVeTy
coupl ed t hr oughity Boutlimed générallpbp dotteddire ®Oppl y. The em tter of transistor
729 is connected to ground. The base of transistor 729 is connected
to nodel¥31. Node A 3umber of components are mounted within the treceive cavity 940, including
Pg'/ US95/ 167 é&%s&ﬁ@é%g’aﬁed monopole antenna. capacitor 945, antenha 946, and resistor 947.
The antenna is connected from node 948 through resistor 949 to ground, and through a
capacitor 950 to the anode of sampling diode 951. A cathode of diode 951 is connected
to receive the receive strobe pulse from line 952 through the capacitor 939. Also, line
20 952 is connected through a resistor 953 to ground. - The anode of diode 951 is connected
through resistor 954 to node 955. Node 955 is connected across resistor 956 to the
positive input of op-amp 957; Also. the positive input of op-amp 957 is connected across
fesistor 958 to ground. The negative power supply on op-amp 957 is cbupled tothe-3
volt supply (from Fig. 7A), and across capacitor 960 to ground. The output of op-amp
25 | 957 is connected to the inverting input, and through capacitor 961 and resistor 962 to the
inverting input of op-amp 963. The inverting input of op-amp 963 is coupled through
resistor 964 to its output. The positive power supply on the op-amp 963 is coupled to the
.5 volt supply. | _ _ | : ' |
The positive input.of op-amp 763 is driven through a second sample gate which
30 is connected as follows. In particular, a samplin_g_diode 970 has its cathode connected

to line 952 to i'ecei_ve the gate pulse. The anode of diode 970 is connected through
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connect ed throu h resistor 732 to ground. and through resj and
- capaci t YO 94 '8 node 735. Node 735 is the out pu?@eé?sig;ﬁabrtz
scan oscil | ator i npl enent ed by i nverter _ 736 in series with inverter _

737. R t 738 t.h t t 736 t i
i nput . e,SA: goo‘r’a.i’ ’Igﬁl C&%OIPEEH e%% N9éq3'592§s g‘a}%‘é%@wwégﬁ\{%@ R §Y9P“‘gf°‘l\fsaverter
737 to 5 mﬁn&éy%rmrhéwenhahdzd?@ethaﬁno%vmaﬁdlglrahxdon i nverter 736 is

fed by resistor 740 wh I's connected to a 5 volt supply. Also, a
capacitor 741 is Emmmde eﬂdxbd@?ﬂ&xheomeptpd throughweésistor 980 andgésiston@82ttothe736 t o
gr ound.

th t put de 735 of 40 He
osci 1 ator | RoYRinpRLOR e Girghme 963 The nail tefigen as 080 s vesigor b2 ¥4
which ig Usegorﬁxctécpﬂ’lrcﬁi {1 acﬂB n%h\),%ﬂo There is asxmn@@aﬂcﬂ%%%nﬁ&ﬁ ed?UL PUL

of op-anp 726 1s an exponentia ch'i's drive

resi stor 725bdtwedreode Dpﬂand)groundl eRésfstor'Bsi is connected from the posiiive 1hblliteﬁ' ied d of
I nverter 721 establishes an exponentlal del ay characteristic whi ch
bal ances t he®Re2mBP63 10 &I0URdnp from op-anmp 726 to provide a |inear delay

sweep forpd F%I%z&‘. ; ah&@%?ﬁ%m 1504, s 724 Thg a?x%ipi’“;eﬂ}ag%e ranp

at the output of op- SO cohnected't resrstor 750

to the inverinplgném@lwith 74H004NThe men@psamozmma mesnaytwlmb%?nented
connectedfromlts out%ﬂs |nvert|n g ‘The positive input of
op-anp 1951 | with 74AC04 863, @nd PHEmay, beimplementedusingn g

For 111 mm ngte FRRRINFILCPTE “%{%éeg%tgf B ﬁ#ﬁéﬁém%ds%g sT2 shplbl s ™

connect ed onby §¢iRo.7 The transisiérs 836 asd 8T 1ark ot D407, With pln 14 at 5 volts and pinhe
power supply_voltages in this systemas shown in Fig. 7B are su&pl ied from

a 9 volt bat7atgroyrd.; Aflithe divdes axe implamented wrlbﬁN%%wmimwdrmcs figire. 756

to ground gul li.e tpyt aon i 759.

Al so, a capglczll'af’ %Fto%(? o artqakgéc?rgd'mpqgﬁemeds futs% Wéh% “pu TEBHSF 780 of
the regsl at okmpléferitéd @ir ' EN225. Component valuesThﬁeéitQﬂéhgﬁfe%é tepfesenthdve  Of
inverter 717 of Fig. 7A1s received on |line 800 Fig. 7C. It is

suppl i ed to ehen¢ ipplemsntationer They s@y. b adiustedto 891_! the.siepds; of @pparticulaput
fed %%'lrem stor 802 froma 5 volt. supply. A capacitor 803 is
connected fr nSUppIy i nput ' of inverter 801 to ground. The

out put of the i nvEki efrcuft@y provideda Aiffebedtial samiplifig stfiittre With very high comaent ef
804. The output of inverter 804 is connecte on line 805 to the transmt

pul se 30 wede rejeasionsasodiscussedrabpve.7 FAlternative implementationg\of ghe differenHialy. 7A,
on lLine 722 is cgnne t he

Lot 8% o g e QEREES i Y. Gty SIA3a71 Seped SchBrber 609 o
resistor 808entitled ULTRA-WIDE BAND RECEIVER, filed April 12, 1993. ApplicatichNo.

08/044.745. This patent is incorporated by reference for the purpose of teaching
alternative receiver technologies. . .
~ Figs. 8.9, 10, and 11A through 11C illustrate techniques for reducing clutter, by
25 dampix‘:g ringing in the transmit and receive cavities. Fig. 8 illustrates the use of the
~ double wall structure between the cavities. Thus, a transmit cavity 1000 and a receive
cavity 1001 are mounted on an electronics cavity 1002. A printed circuit board 1003
buffers the electronics cavity 1002 from the transmit cavity and receive cavity 1001.
Within the transmit cavity, a leaf antenna 1004 is coupled to a transmit pulse drive
30 transistor 1005. and to a series connection of resistor Rt (about 220 ohms) and capacitor
Ct (about 2 picoFarads). This configuration mékes a resistively loaded monopole
antenna for transmitting the transmit pulse into the field. The transmit cavity 1000 is
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WO 96/ 19%,%7 _ PCT/US95/16783
PCT/ US95 62%1 37 to ground. The power supply input of inverter 807
is fed by resistor 809 coupled to the 5 volt supply. Capacitor 810

i's connected Nl ] - RO 7 : The

ot putof 1 nierFErtd AR sidedSitheypuido heSiradicg f dtdut L inchep S Yt

out put of abdut il fviachiesr The tranismitapity hasdbaciowhll he063 4 Ride svallHO07.aatep wallpul se
ting ci it.inFig:.,G 5 . |so . in Fig. .7E._th [ I

on |1 ne 785 110Bknaa 2dpomsall 1009 Asripieior walb 4 Sifioses the Lavieyr eulls of

circuit conp i ' ' | series connection of

" resistor 821Q§§ argI;né{j%%gtg%qﬁ%&s&%ﬁéﬁs{sﬁ&ﬁ%g:ﬁ%ﬂrggﬂg nodel” of the

sensitivity time Thereceivechvityesimilardsintindésa lbaf antenuel0idtmslintedrin yesistieelpTC

circuit to provide increasing gain with | ncreasing range. The

out put of th&ounled monapole 5%%1%%%@ rggster Bb@bowl20 obpis) and gapacitor Ct

connected to oSt ' . - | héd A |
connect od 1 o RS bdratis) Bosiepl ORBH e reblfie VY 1000 THEHnrPes o
to the 5 vol tel@tphicy 10 B de IdtaRd @ba feed point afdidgide tie el€otrbnics chvigy PO0RD Utheof
the op-anp 824. Al so, a resistor 899 is connected from node 825 to

ground. The deRepgtcanity, ajsoamase 9f hrapsinahis examme: das 2toptvalk K 7mgide wall £B18,

transi stor 830, .The dfainsof FET fransi~skor, . 830.iS ¢C ted to.,node. 823.
The soulTe oft tautbat wilitofo nglahck V@300 Anriebtutl d0ZF bikfere? eR el
the out put OfTHelimensicHIRf Brttedetve cavity are sﬁ@ﬁﬂﬁﬁll$@1& ey thiske Of tHe tRIm#31.
The drain of FET 831 is connected to node 832. The source of FET

831 i s connecawiy.t dsghowndn Fith8, HeTcopihingsiop\if dassreceine cavityetD0dt andricaasmitn

of the signal at ode 832 for,. the STC conpensation. . . - The
out pUt o Che carFY AP FiFEN = dhifls WL iicriz oy SPRREE poArt 1he imerier wels KO e 540
from 20 t Y@2¢ of thdirksp¥ctive chvifes. e rédion F022WeRVdeRGhd Wall'S0Y 0GHAADD | AayS41
to node 842. Node 842 is connected through resistor 843 to ground.

and t hrbugh rbedilled evithtrl ot anothed dieR8zic ntdsetial. such as a prid8d dircuit boare ot he like. t he
positive inpuf.of op-a 845 . The inyerting input of, op;anp .845 L, s
connect ed t hr JUSPrevenys te signalpang cause ﬁ@é“?f\ﬁ%’ﬁ“‘g iff‘me bS‘gg dirgctly enumled

Al so, a resi r : - 55‘5}?"' gstéﬂé;ggy s O 51to
its inverti ng’f’@r?ﬁ%?@“ﬁcea oC ?Todtljlﬁ f%?n'pﬁe {&Qg%fsgrm feg géslﬁ%g}r%eﬂ% %ﬁr ough
a resistor 84%grabchitter.dFhe twpt gndtbodofh wallpeft-the aansthit and receive cavitias sy deupl ed

bet ween the vi de?, out put, 850 and ground. The video output 850 provides
the equi val erfpetplliGalleontiguous gnal "as descri bed above.

20 - Fig. 9 illustrates another technique for reducing ringing based on a conductive

damping element in the transmit and receiv_e cavities. The transmit and receive caw)ities
are configured in Fig. 9 just as they ar_e' in Fig. 8. The elements of these cavities are not
redescribed herein. The additional feature shown in Fig. 9 is made up of the conductive
damping _elementé 1030, 1031, 1032, and 1033. These damping elements each consist
25 ofa ;onductive element which is connected at two places to the perimeter of the opening
of the cavities. Thus, the conductive dathping element 1031 is connected to the corner
1035 of the transmit cavity, and to one side of the perimeter of the opening in the transmit
cavity, substantially near the center, such as at point 1036. The conductive damping
elements include a resistor Rd which is about 100 ohms in this exmple. These resistive
30 . damping elements are preferably placed along the side walls of the cavity, and flush with
the opening or extending out into the field slightly. "These narrow band dampers
eliminate long lasting, high Q ringing which results from the transmit bang signal. The
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Figs. 7F and 7Gillustrate the balance of the circuitry in the.radar. The
transmiWo96/19737 tinming clock on line 805 is coupled thrifdd¥¥18%83acit or

900 to node 901. Node 901 is 30 connected through resistor 902 to ground
and through resistor 903 to the base of _ transistor 904. The emtter
of transi stttiangar shapedorgistitieal hubappeamsterbe metermed pased upen ial and error (the
transi st or 304udks 88 B8 G inkicR BAnE R oY QinglfiP shieflOfife SHiyayi 00 1 S
96/ 19737  in which these triangle sections lie is also not critical. The total length of the conductor

PCT/ US95/ 16783 through a capacitor 907 to ground and through a
resi stor 908 shewndaeappraximpisdwsalelip the figure. Thereanpearsda bena sagewchasdci t or

911 to. d, dth h.resjst ' Ly Al ,
the oot oonBipeafite, Satsfaritarion 3lps e deduh e B8, b WIS in riggipe, PO
nonopol e _-sup?r;ssli@tﬂtssmc&?dhc% 1enidth rieed €6 belappRiximateiads 6hdwn.! Thd Rhgth  922.

The resistive oaded nonopol e .. antenna is about 1[err]inches long in
thi s enbodiafithecondictors andthedesistande Fanheengpirically|dgtermined based on a partigular

conponent s .whi ch ted w.thin the t )t it Th
eceive t i rfrsnion g dgenplbg ugrems ped BEOV ViR o chrougn
capaci t or Fig?ﬁ@imﬁtﬁﬂe@&o&%} techiRidAe Bt reduinpQihaies i theasécdved sigfal St OF

932 to ground and t hroug resistor 933 to the base of high speed
bi pol 8 t r aFheitsinsmit@8d recdive cavitiestaca configurad substaptiallyss shown in Fig. 8endarst ed to

Po node oagwt RgswbsbhiTe. The fratue usmienn i I Bramot pont bt Bl °°
supply, an 5%@5@79‘5040 and 1p4l.oﬁkg&é15ﬂént9€&Fbﬁsﬁaﬁlm rediBfn€e3!of RatoTabsilt {

transi stor so supplies the gate pulse 7 through capacitor 939
to strobe t108 chmiglahd eadimive sonductdre whishesxtend appiokimatdly @aninchedut from the .
cavity is outlined generally by dotted line 940. 15 . . . . . nber of
conponent s SKAEET phihe Opening efithe,trangmitcayty %‘Ldn TECRIYE, SPVIEY O the jRtetior W@usA"ﬂld t he
resisyével v, liqpdgd - ARAf bt ShpRitally @tbained BAG ot

I esi s@sor Qﬁhqwg' Aﬁﬂ?ﬁ%‘%ﬁ@&hﬁg&&m&nneg%pf _ron)jl node 948 thr%ugh

resi st or 94sarticulayrdesign of dredrankmitand rezeive cavities. capaci t or 950 to the anode of

sanpling di ade glg)ié.' llAA ﬁﬁgt?ftgseye?;no%e? gﬁen%asu%/elfosr'rggu%nmegcctluetper. According to the

WO

alternative shown in Fig. 11A, triangular terminating plates are coupled to the perimeter
of the opening of the transmit and receive cavities 1000 and 1001. Again, the transmit
20 and receive cavities are configured as shown in Fig: 8 and are not redescribed here. The
" triangular plates include plate 1050 which is coupled to the perimeter of the opening of
the transmit cavity 1000 along the top wall of the cavity. Triangular plate 1051 is
coupled to the perimeter of the opening of the receive cavity 1001 along the top wall.
Triangular element 1052 is coupled to the perimeter of the opening of the transmit cavity
25 - 1000-along the bottom wall, triangular element 1053 is coupled to the perimeter of the
opening of the receive cavity 1001 along the bottom wall. Triangular element 1054 is
coupled to the perimeter of the opening of the Mmit cavity 1000 along the outside
‘wall. Triangular element 1055 is coupled to the perimeter of the receive cavity 1001
along the outside wall. The plane in which the triangular elements 10_5'4 and 1055 lie

.30 - substantially parallel to the plane of the openings 1057 and 1058. The terminating
elements 1050, 1051. 1052, and 1053 are folded slightly toward the field being sensed,

_such as at a 45° angle. This supplies some antenna gain, damps residual ringing, and
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to receiv‘%#mﬂ.,ecei ve strobe pul se fromline 952 through sdTRUSPaNEmest Or
939. Also, Tine 20 952 is connected through a resistor 953 to ground.

The anode of diode 951 is connected - t hrough resistor 954 to node
955. Node 9534 RieChi I@id hSt RBaifi>thel QinidASions of thesePPiates| €

I nput of ‘op- l;rﬁédée%%% Al glgfj"*-’t ie?lg?gélstgi?ve i%%lut of l’op‘- ar%tol 957 is g%pnect ed
across substaptialtyt asrill@Stedcin gheofigiote. uFing trianguidretenentsewhich prel squilaterab- anp

957 is coupled t he, -3 .0 vol t . suppl fram Eig. , _and across
capaci tor . OoGages KRG 2 AHHE of dbon on b toss e pladkof it opERifet ule. o
the inverting.hdmvhnd Re8vE B capacitor 961 and resistor 962 to the
‘inverting input of op-anp 963. The inverting input of op-anp 963 is coupl ed
t hrough3 - r €. $1BiillBtdtes bow the toanguidr eleheatsa®S0s 105d, p@Hdeands UGH3 are on

bosi L1 ve | np Aok B g PEE sehees atm Angles of A4S ok iauguian elemaent 4035 ch
cathode connioed. s by 8GRt SR H OIS e 0
?f 1g i ?de 970cbnﬁignv\gﬁgg;d{gi7é gt;inrgnlag blements 1055 and 1054T Thug, the transmit cavity 1000

PCT/ US95/ 1678nd receive cavity d 9Bk ateishowmintop yieve jEhegriangulgr slements Q50941861 ed
thr OUQQ(Qr esi 3fPhe st xgleekgi?grirgﬁ 'ﬁeﬂ-ﬁxgpg sensed. Tt?et}iﬁﬁémélrﬁéféxﬁén% 1&%@?& '

e
i ncl ud bet ween no groun . e anode of 2 970
- i's connect ed ektefidsipstangaliydt eightAgles avay fromthe£id®8alls of theeransmit and peesivei ve
i nput of the op-anp 963. The node between resistor 980 and resistor 982 is
5 connect &avitips: obigwevarpiianavobe drsizable 19 flaitendthe triangular slements,] (5§ 1051, -

Ce s o £ NS RABT SO ot e S B S e R o SRS ™ '
In Figs. 7A- Y;&%ﬁ@uﬁ[ﬂﬁfiﬁ%%@ﬂ,terﬁﬁﬂaﬁné%tesz17, 721, 736 and 737 may be
e

i mpl emented with 74HC04. inverters 801, 804, 807 and 811 may be
i npl eneldt ed The microradar rangefinder embodiments of Figures 2, 8-11A all have a side-by-

side radiator configuration as generally shown in Figure 12. Each such ultra-wideband
radar rangefinder has a transmit cavity 1100 and a receive cavity 1102 arranged side-by-
side with vertical internal radiator elements 1104, 1106 that are spaced apart and parallel. .
(The radiator elements include both a transmit radiator element 1104 and a receive
20 . radiator element 1106). These radiator elements 1104, 1106 can be wires or metal strips
of about 1/4" width for a 2GHz center frequency system. and they are terminated at their
far ends with resistors, typically Ry, = R, =200Q. _
'A primary problem with this side-by-side arrangement is that the E-fields 1108
from each cavity terminate on adjacent sides of a metal séptum oi dividing wall 1110.
25 The septum 1110 is A/4 long, or A/8 long from either end to the center. Thus, the septum-
1110 is isolated from the grounded end regions by A/8, thereby exhibiting a non-zero
impedance to the E-fields 1108. As a consequence, coupling occurs between the cavities
1100, 1102 that results in a substantial "main bang" pulse which obscures reflections
from nearby objects. e.g.; from O to 6". . In the embodiments of Figures 8-11A, the
30 septum 1110 comprises two closely spaced metal plates. rather than one plaie as shown,

to help reduce this coupling. .
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10 with 74AC04. The op-amps 726, 751, 824, 845. 963, and
i npl emeNQWHEhg t he conponent TLC272. Theregul z’té%r %gﬁl&s

i npl emented with a 812-50 manuf act ured by Sei ko. The transistors 830 ,
and 831 are on a | | AL 3 DLy ED e . ground.
Al'l the di odes arA SQ% ?r)%)lﬁ%rrr\éﬁlrbgﬁ%ﬁ? %‘ﬁﬁﬁﬁ‘iﬁ%’y%h%%?@@@“% e tihﬁ dtltﬁeu%; ér’tire.
Transi st or s affébindf thadnerakecdvities o0t HO2 ubomothdPEEHS BBL12. Wiicts sepasatesiRO i s 15
i mpl ement ed using a 2N2222. Co onegé values listed in the figure are -

repr esent at F?f‘é“csuOOJIQ?fﬁ‘Qméhnﬁﬁﬁ tomes @ity Thit, may be adjusted to suit
the needs of a pagtd,j : l.cal | tion: ) i

circuitry provi dgiédzggg:"'g P%vrv%n F%?mgtg'%lﬁfﬂ%é@{ﬁﬁﬁﬁuﬂ?é’”ﬁ% Wev%Pf/iEEidér?o(t:ommn

node r & ect itspmindte 6H adjacensides 6O sepruh.t Rithex theg aterfil aparn Additionally fthd fae
-differential 20 receiver circuitry are described in U S. patent

5. 345, 471 i §8dsed tiwapdiatope with termination resistors R R+ Alecat maxinmm disiapcefanbest
RECEI VER, fi Il 3 ' l.on.  NQ-. . 04 5 .This
patent is i ?5%3%@?‘2&“%. %U}@ﬁgﬁ%ﬁggﬁkgﬁﬂrh@ﬂ;&s ?)so% g agymit g:gé:l& ﬁbz%Aand a

al ter nati ve rdceivecaty 11122 \itioge e€parated by an air gap 1121. FitgFadiftor demdiids 1 Exad 11A
through 11C il lustratetechni ques for reducing clutter, by 25 danpi ng

ringing in th26 extendin opnesed dicestipnsefromnean aisgap-] i21. &fhe radigtor glementstaze use of

t he doubl e Il. structure between the cavities. Thu a trapsmt
et ¢ 101000 RS Ot BT iripg Vhith ¥ dindhaly CpTbni e SREN inbpadrdirentibegy 2B ri ¢
cavity 1002Eg.fe]a$ 1108 0which Cttend Degih Gadi@idss 1124, 1126 ltuisl & %o% tléemﬁia&%tr gnics

cavity 1002 fromthe transmt cavity and receive cavity 1001.
Wthin the commoniplanefetwegn cavitiasdl 20,1t @ nExpecinents shew this cenfigurationtabe i t
pul se drive 1005 0.a seri eéﬁrﬁonneation of resistor

30 i d
P Cabout - 298l ke bERR B fhe; sidsrby-S0€ contiiration Beariil i ane Govbling, <

confi gurati eirAEkEE hams G, Thiited 11200A995ndeR ABPRY if metallic cont &N Bﬁ?fc&‘i o
transmtting the transmt pulse into the field. The transmt cavity 1000 is

-16- 15 be stj@arf1éd bP Al gap 1121, and can be snapped onto the PCB using finger stock to
PCT/ US95/ 16Z§%n themn. _ _ .
Figures 14A and 14B provide a front and side view of the transmit and receive
cavities 1130, 1 132 to better illustrate the placement of the horns 1130, 1132 and their
internal radiators 1134, 1136. As in side-by-side embodiments, the radiator may be a
20 wire, or it may be a metal strip of some experimentally determined width that optimized
| radiation efficiency and bandwidth. Horns 1130, 1132 are separated by an air gap 1131
and are mounted on a PCB 1138 which separates horns 1130, 1132 from electronics
cavity (shield) 1140 which contains the various rangefinder electronic components 1142,
mounted on the reverse side of PCB 1138.
25 o Transmit.radiator. (e.g., wire) 1134 extends from transmitter output T on PCB
1 138 to a distal wall of horn 1130 through termination resistor Ry,. Similarly, receive
radiator (e.g., wire) 1136 extends from receiver input R to a distal wall of horn 1132
‘through termination resistor R,. Transmitter output T and receive input R are located
~ inside horns 1130. 1132 near the air gap 1131 separating the horns 1130, 1132. Thus,
30 radiators 1134, 1136 extend away from the interface between the two cavitites 1130,
1132. Cavity 1130 transmits a pulse towards an 'objéct, and cavity 1132 receives an echo

reflected back from the object.
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‘confi gur w denomsrwave gui de configurati on havi ng hei ght of POXAIRIS/A6783i nches
and a width of about 1.5 inches. The transmt cavity has back wall
1006, a side wall 1007. a top wall 1008. and a bottomwall 1009. An
interior wall 101Figume 4G depitthe neae cdmplextadiatuichfiguation, a top-loadeel radiats i t
cavity are made uysing brass jn this enbodinment,, .5 The receive
cavity sini| AASfEIR H@%aae/gwfmlfé%@na?ﬁ%ﬂg%& r highmpgdante end. of p Mongpols
coupl ed nono k @il ' ' Bt : : d
copact tor G s PRNBUES A ooy 3 B0 ridef izhint Bbuhe SRaNmie R PRER)1IST]
recei ve cavi tcgnthing i trafiémsit ssligodri 1152 which is formed of twarsectionk1164.ar1S6|whici @d at a
feed point and inside the electronics cavi tg 1002, The . recejive
cavity, Al so SRBRRSIeS thepughsa pend: o hairpin, sn d 1584 Similarhyreggive cayiyshorg WibGe
wal | 1018. 1 . Folpl : f‘t\%@%e . ' ' wal |
1021 encl osego?tﬁg@gggﬁy. Molrl%&-l%ﬁlgﬁzg ﬁ’e%rqg?gns 0 L l?}gaﬁgg@\?g%lgéq y are

subst anti al | yohhetelahfough atbend or Kdirpinifuri | 8685 MHe horns 1150, THAO dry moAstedbawn i n
Fig. 8, the conbination of the receive cavity 1001 and transmt

ca?/: ty 1000 fadtGB 31 Hdwbich hﬁaﬂ.IShiSl:rQI@PYiit)él 2 meuntedhon theaeverserside. Radiatens
1010 . 1021 i i1 [ on 1022
o vaen "t ne Wil 163 e ok e EREI R SeFhd y pHERp0E Sl R2,

di el ect10 c mat @iel didtal WAl IndR,,, R WithellisCdohfidttion stk theGfankiMe antdafa and the
This prevents the signal bang caused by the transmt pul se from.bein

di rectly couptegive antenna provide@abeutddBegain qver that pf Figueel 148, whigh is similar anthei ¢

cavity, substantially reducing, ringin nd - .. . signal. cl er, Thetop'
and bottom wal gdwehg??}ggﬁesﬂh ha{ggm?’ggteﬁetemg?\t}?? fré’?g ?F%bo'bsehtﬁ’ 1156 are.
metal |i cal |'y Jagifive GMmed'the dtance between the Ednters 8f sebtlonsil1 5411956 aRakisted BELAI que
for reducing ringing based on a conductive . danpi ng el'ement in the

transmt and alengthe wirels\hairpinurnTHé8t r ansnit and recei ve cavities

e OIS 2000 11 L b B S B b
in Fig. 9 is y1o0&:uR eleild?R inpitd dhis rits inadoubligi?g?hggecﬁiv@@g?ﬁfge]aﬂa%usloc”1’

1032, and 1033. These danpi ng el enents each con a conductive
el enent whi claniimprovement ia demsitivitwo Fat endesniinatioh eesistors Reyt Ry, reduce loeelampimateng
of the cavities. Thys, .[he condquctive danpi ng el t 1031 i,s connected to
the corner Tnging. 18:all Shisrronfigurmtion prov st%zou 1808 ez csepsitiuity ove, the

perimeter of JREQRE0H BEFichre! transmt cavity, substantially near
the center, sucﬁgas at %l:) E{gl 036. The conductive danpi ng el enent s

i ncl ude2@ resi st orTHE thiei apposedl aldiatdr dridhgeinemt shownhgenesatlynipl FigurthéXeand
resistive 30 . danping elepents are preferably placed along the side walls
of the cavi t yllugiRatedimere spegifically in Figures | $A-C, sigpificantly redyces mamkang seupliigo ¢ he

o it e IR BRI HRP8 conprion Syl i 179
-17 - and illustrated more specifically in Figures 2, 8-11A. In addition. the conductive
damping elements shown in Figures 8-11A for the side-by-side arrangement are not
25 gen@ly required in the opposed radiator arrangement.

* With the alternate antenna configuration of the opposed arrangement, main bang
coupling from the tran;mit antenna to the receive antenna are reduced so that the radar
can operate at zero range, thus allowing the detection of near-surface objects such as the
human heart or rebar in. concrete. Uses include heart monitoring, wall thickness

30  measurements, bridge deck imaging and radar altimeters. The lower cost and simplified
assembly also provided by the .opposed antenna configuration allow high volume

applications such as non-contact gas tank fill-level measurements.
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WD 96/ 19737 . ' |
PCT/ USO%0P6/1%737 triangul ar shape is not criti ca¥",’T’Hﬁ?5"§B"6ear s to
be preferred based upon trial -and error (the conductors coul d be.

for inst Ot dj | h . T i entati | )

0wl oh these t ARGTHINEIS BEiER SRR G BBl o RhpiEen Wi bR | cngt

of the Condt&.&w is provided with aSJg@wmtnge@adarmé tovides ah Qmiphinidesvetaugwinge There
e

appears to a narrow band I npedance transformation al ong the
| engt h of t semplesigual ntakirtgithe radardisefuhasra radarrange finder. Tharpdargsagedindesof t hat

conductor |ength needs .to be approxi mately as shown.,.The | ength of
the conduct E‘Fg’l’eéﬁla} 11*%“9%59@495%@5%’535@_ eP?QfﬁFﬁ‘} l?.lg{délft.ﬁ!{ g’b&hﬁé{gﬁﬂ on a
particyl ar the variatior mp‘ééaews%hh&avé@ahg&ahmfhmm, réflselibhs G fodnS i Ve
cavities used. Fig. 10 1llustrates another technique for
reduci ng cl vits giving falseclevel andasurementgiand thellike, indubtéiak environinents igenerating ve
cavities are configured substantially a hown ,in Fig. 8 and are ..

ot |t edoscr Mg IUETIeTRRSSr i O skbiiy, O piiRsoin 15 epetiapatets, 8§ 0t B
radi ative d ' . Q{Fﬁg@ transd . do rise
danping resis gﬁg%rsco%t%n lo0 gut & %ﬂg%@é%e#%?&%ﬁg@ﬁ&? [ért‘:lﬁ\t/) e
conduct ors piese iveheon] withd low qust, ebrgatile, and diighby accliratersenbar. center
of the opening of the transnmit cavity and receive

. I _aik%o the,int_?rior.
wal | s 19010 15~ Basides: gieoflujdglavel meaguremen): fystems it ‘f?cgserbaﬁnwey
el 11 call Yot REMLD Gitn SRSt tibrior art, the p&@ﬁé@é&ﬁt}&i i iftelilie

transmt an celve cavil ustrates yet

anot her al t géed @i autémbiive padidng adistankeibridruisécarmrol rayr.t Vet dnother use for this
alternative shown in Fig. 11A, triangular termnating plates are coypled to
t he peri met gansor is hidden gfject insatignesichgs Bnding and pregisely ranging between wall sHds ¢ i es

1000 and 1001, .Agai the tr ' . - LVE. it Ls

cont i gur ed 48 ERG AR I fapbtel Hpor i rieroRafof ks s b yitef and
triangsl ar pipas eFhd ﬁﬁhé‘ﬂﬁdiﬁ% aplicafiSs aldol Hale infang Qseslig thetrobdtive fiel. i met er of
t he openi ng .of the Transmt cavity 1000 al ong the top wall of the
cavity. Triangul Adthongh theiepsbpdiment described isohgseden @ drapsraittee whighy éssuera t he

' f th ' j t . al or gl L Ty j |
cPenent S0sghes 5t et Ciihe SE HARBLY b rBRR § s e S|
cavity 25 implbRiefteduSing a'sBqueRod 6Oburw8 bf RF lehérgy 00 bevera byuieyih 18R The

coupled to the perineter of 'the openi ng of the receive cavity 1001
al ong the bunpwse tansmission embedimentemayrbave limised ppplications becawsgf digdergl t he

peri er of, the openi of .the trapsmi . .cavity, 1000 al on e | de
el | 2Br an GomEaAG e rortmission Baf 35 eulpu oo Bl e s b RET
cavity 1001for wide band pulses. B | |

Another applic_ation of the present invention is an educational one. In particular,

time domain electromagnetics can be studied using this simple radar with an equivalent
time output signal. A student may, in real time, monitor the characteristics of the field

25 of the radar in a manner to be studied, and watch the results on-the echoéd pulses in the
sample signal. : o "

Thus, the present invention has provided a low cost, high accuracy'radér with high
resolution swept range gite_ for close range applications. The uses include autofﬁotive
parking assistance, curb sensing, active suspension system sensixig, occupaht position

30 sensing, and other applications; where the precise range of an object needs to be
determined. The range finder also makes an excellént fluids and solids level sensor for

' petroleum storage tanks, industrial mixing vats, and grain silos. Its amplitude scan
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al ong t heygegmhsie Wal | . The plane in which the triangul ar refTarsssnersi054 and
1055 lie 30 substantially parallel to the plane of the openings 1057 and
1058. The term nating el enents 1050, 1051. 1052. and 1053 are

fol ded sl i ghgikyial ai8rifditAts the predelR@ion @bseRESEbbjects behind Biridts uck hs studsd
angle. This supplies sone antenna gain, danmps fesidual ringing, and

-18 - behind wylisasd rebagin concrete. The device can also be used in medical applications

PCT/ US95/ 16783 . EQVI des so ide lLoad,suppression. Again, the
di mensi ons of’ stﬁgggoWéEf;g,ggns suc afnﬁ’ei’&ﬂf?’é‘ﬁ{“ﬁﬁ? F‘Se/g‘%a'ﬁer ustrated in the
figure. using triPROfOrédoinky E3BMtondTareRfréd SfbbdimeRl GTlthe invention Hasibdp! €S
having a peak of about one inch away fromthe plane of the openings in the
transm § andpresentsid\for purposes efillust@tion and descriptionFiltgs nati@endddite be gxhaustivey t he

tri | el t.s. 1050, 1051, 1052 and 1053 ) folded.into th
[l end berng. SRTBC e Myghtgre She mecis fims dectosgls Qhviansly, many afcsiiiseion o

hovever, | i egmdShbighcital Héﬁ]pr&eﬁﬂﬁ,pﬁcﬁﬁ nét$ sikifl&d MRRRIARY 1t Siiktendelithat the

illustrates the . confliguration of the triangular elenments 1055 and
1054. Thus, scope of thedmventiombe definkd®y the followingrigimsand itheir exprivalents 001 ar e
shown in top viemvnghec%éhﬁn ular elenments 1050 and 1051 10 can be seen
| eaning into the ™ I g;%ensed. The triangul ar el enents 1055 and 1054
extend substantially at right angles away fromthe side walls of the
transmt and receive cavities. However, it may be desirable to
flatten the triangular el enments 1050. 1051. 1052. and 1053 so that
t he nechani sm can be snoothly dragged al ong a surface wthout

hanging on the triangular termnating plates. 15 The 'm cror adar
rangefi nder enbodi ments of Figures 2, 8-11A all have a side-by-

side radi ator configuration as generally shown in Figure 12. Each such

ul tra-w deband radar rangefinder has a transmt cavity 1100 and a
recei ve cavity 1102 arranged si de-by- side with vertical interna
radi ator elements 1104, 1106 that are spaced apart and parallel.

(The radiator elenments include both a transmt radiator elenment 1104 and a
receive ' : : -
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20 radi ator. el enent 1106). These radi ator elenents 1104. 1106.can be

wires oVOR¢W3Lirips of about 1[err]" wi dth for BETR§1E8Ht or
frequency system and they are termnated at their far—ends—w-t h

resistors, typically Rlerr] = Rerr] = 200[err]. rimary
problemw th this side-by-side arran I's that trl!llmwu{awwgw
fromeach cavity term nate on adj acent sides of a ne S I di ng
wal I 1110. 25 The septum 1110 is [err]/4 long, or [err]/8 long from
either end to thé cenAaerappitans, for kietestin archaracteristicl 31l Objests i withiataeflelfir om t he
grounded end regions by [err]/8, thereby exhibiting a non-zero

| npedance tf)m'??f%“@'f ields 1108. As a consequence, coupling occurs between
the caygities 4 : : ' tantial Jmin bang"
pul se gvhi ch obsc%?ggs%ggﬁ g%%?éﬁémégauﬁ%r%kﬁlgg‘f@%p%ﬁgﬂgﬁ R IFPON3SG om0
to 6". In tioa tearismili timingsignhl; Fi gur es 8- 11A, the 30 septum 1110
conprises two closely spaced netal plates, rather than one plate as shown,
to hel p reduce -t%{e§e1§gdﬁqlpm§qmples echoes from objects within the field of the sequence of

PCT) Uses 1 ¢ Jepgronidhetl phibes with controled smine, in response tp;a sreeivs timing signaleand, _ i ge

conf i gur at i gemefatest1saniplé kignal inyrespdnse to the sampfs ik ¥amble! ighalBididating\al t | €S
1100, ;1102 about the PCB 1112. which separates the . cavitieS 1100.

1102 19 om stheeacissigtie pEehiecsswithinghe field; 1114. Fi gure 13 shows

an alternate ant C | .al | . re the E-fields,do,not 5§
term nate on adj a:fgrgﬁ-[g cg{lgg% %‘%%%ét}ﬁ?fmﬁm‘h‘é‘i’m&w &rtge ?’3?5‘%!3%“!“.‘1
Addi ti onal |spppliésathé edceive timing sighalTo He re€iver @i adceive tiﬂix)ih& sfeRAltal&hé Q{ER ' ‘

resistors Rlerr], Rerr] are at maxi rum di stance for best
i sol ati on. TPPRAVEIB Samplg theagrhees sughrthatdime betaveer transmission of pulsey inl @20 and a

recei ve cavj _whi;ch ar.e separated by an air 1121. ‘The radi at or
el enent s 11%&%“43&%4 s%ﬁbbyetgféeﬁ VP SYESBY ‘@Ea(ﬁ“rggé’?aglﬂ)és'f rom near air gap

1121.15he radi ator elenents are 10 wires or netal strips which are
general | y coplanar but extend in opposed directions. The
2. A swept range gate for detecting characteristics of objects within a

field, comprising:

a transmitter, ihcluding a shielded transmit cavity and a transmit antenna within

the shielded transmit cavity, which transmits a sequence of electromagnetic pulses from
20 the transmit antenna into the field in response to a transxﬁit timing signal;

a receiver, including a shielded receive cavity and a receive antenna within the
shielded receive cavity, which samples echoes from objects in the field of the sequence
of electromagnetic pulses with controlled timing, in response to a receive timing signal,
and generates a sample signal in response to the samples;

25 a_timing circuit which supplies the transmit timing signal to the transmitter and
N suppii'es the receive timing signal to the receiver, the receive timing signél causing the
receiver to sample the echoes such that time between transmission of pulses in the
sequence by the transmittef and sampling by thé receiver sweeps over a range of delays;

and _
30 a signal processor, coupled with the receiver, to indicate a characteristic of the

object in response to the sample signal.
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E-fi el dsywhlggheradhi ch exte ' 1124, 1126 thupcolrwsosne7B®r m nat e
at a comon pl anenm“mm“ﬁmmm 1120, 1122. Experiments show
this configuration to be '+ ¢ Lnearlsy 10x better than the side-by-side
configuration regardingg "*ﬂa&%ggateqaw'fbmtecﬁn charact&ridiicd 6f objbdiEwith

(i.e., cavities 1%20. 1152%] need not be in rretgal l'ic contact, Ji .e.. tr{hsay can
15 be sepmnge eflleksthan 20 ferp camprisingnd can be snapped onto the .PCB using

finger stock to ..retain the . , Fi gures 14A and_ 14B
provide a front ahHARSPHECT/n ggatsﬁlgld(epéwgm{tcaémyqng mit antenna Withif} ¢ j e

1130, 1132 t | JaTIa N=Tar=Tya gk . and
Lhopy 1192 e dfeldBl %’gﬁdgﬁ%ﬁ’éﬁ’%% i %hgfiﬁggb@e tey IRF) biisés
enmbodi nént s, froinehe atisatitantenny irive the fidld in responseto adtransmitrthyinp sighalieivirg St ri p
of sonme experinentally determ ned w dt %hat opi i m zed radi ati on

ef ficiency alfePsputRHlpsreRetition rats of gregter ihand megabedzyr at ed by an air gap 1131

and are nounted o . - whi , Hﬁg :

el ectronics -Q r&gg‘\@?t l)}lléﬁgwye% %e@?ﬁﬁ%%@%ﬁﬁc %glgtaf!l‘e varvltqtli)lﬁgthe
rangef i nder sHielded esteivecavipgaditktsampling gate coupled toothe résdiverantdnnar£3ee6sd Si de
of PCB 1138. 25 Transm't radiator ( Wi re? 1134 ext ends

. 1 .9, . .
fr om t r ansni $3mpling gats poupled tp thepeceive antenna. pnd adifferential amplifien havise afsh 1130

t hr oughpt er nj ' | §t.0 [ L arl ' radi at or
(o g 210; ¥y BBt ESRIEER, Bonslsihiing, Biishln o€l aynird jo i’ GPORET,
1132 sdnfplingoguté, avhit sdmples échoesrerh dBjeRts ih-thel fieldofithd SéquentefRE and
receive input R are |ocated i nsi de horns 1130, 1132 near the air

gap 1131 sepbulses wishcaatreliadéming3g the fisst andiseeond3mmple gates. 4n gesponsesw. a 1136
extend away {r .ne i nterface between the two, cayitites
I §5 8 3ol

o 130, .

1132. Cavity s igfidluand Bsnviales f seapi SETH! BFwepse tﬁﬁ%e PRl 1132

r e<238| ves an echo a \t/l%llré%?li%% \J%lﬁeﬁ Spplia€the tafsthit HiisP$i@hdl to the transmitter and

PCT/ USd8/ 16 789plies the receive timing signgl iguthe reseiger thsireceivetimingsignahgdusingrtheli at or
configuratiop, 2l P 'séu%?]‘é’ etge 28%%? s that time between transmission of pulses in the

sequence by the transmitter and sampling by the receiver sweeps over a range of delays
in a sweep cycle such that echoes are sampled at the pulse repetition rate and with
different delays in the range of delays, such that the sample signal represents the received
20 echoes in equivalent time; and .
a signal processor. coupled with the receiver, to indicate a characteristic of objects

in the range in response to the sample signal.

4. A radar for detecting characteristics of objects within a field, comprising:
-25 . atransmitter, including a shielded transmit cavity having a transmit opening with
a perimeter and faéing the field, and a transmit antenna within the shielded transmit
cavity, which transmits a sequence of electromagnetic signals from the transmit antenna
into the field in response to a transmit timing signal, each of the signals in the sequence
having a duration of about- 10 nanoseconds or less;
30 a receiver, including a shielded receive cavity having a receive opening with a
perimeter and facing the ﬁeld, and a receive antenna within the shielded receive cavity,

which samples echoes from objects in the field of the sequence of electromagnetic signals
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wherein the drrve/plck to the top, or ce end,
of a noWeR§127. ‘1‘*“ ‘l“:mlEM‘ tely [err]/4 |on99§1f)“gﬁ52963 dar's
center - frequency Tr an ccavl ty/ Horid 1150 contains a transmt
radi ator 1152 which is fornmed of two sections,1154. 1156 which are 5
connect ed t B FGRIrQesIigIng, InESRAEST to 4 feqeiye Bmingspignal gnd gepgraes @sample

cavi ty/ horng a receive radiator 1162 which is forned
of two sectléﬂagqrﬁegﬁonsﬁ%gew&ﬁgﬁ§are connected through a bend or
hairpin turn. 11685hlalﬂmgrbasmsupm3mg thelshieldeddransmit tavityand the shieldedaedefiR 1170

whi ch has a shi el 1172 npunt ed t he reverse side., Radiators
1152, 1162 €3V 5831 %ﬁH&F ISFHGEY rrsem%af B ¢ FRegive (faviphn @nd shigldingoack

term nating, L in Rerr], Rferr]. Wth this
connect i-on. %Q %ra{nﬂtm%ggln%ﬁ @&o n%llgd and the . receive antenna
provi de about 6dﬂxmmgrc1mmershieldad by theshigldirg bhdd3whidhisapiplies thitrahsimik tiining he
enbodi nents of Figure 12. It is thought that radiation from sections 1154,
1156 are signaito tgaam%ew@ﬁupw@s dhesessivetiping signal mée EGSRIVER Sudrthatect i on

1154, 1156 A Emﬁﬁf?@ru?tg@ql B%( erssxon of a Qik/ﬁrggler: rfeﬁc §| é’?‘o turn

1158. 15 |na rovenent, recel 2 IS
left unter f@eﬁﬁéxﬁd aﬂd\saﬁﬂ;ﬂmEGBechoes of Sald kivén eltbuéd‘i&néﬁ@sign& haﬁ lbﬁmhl bfledshi s

results in doubllng of the received voltage and thus
i

i mpr o‘J@rrentthMab%§p gaasgconfsr end termination resistors R err] Rlerr]
reduce or elimnate .. ringing. In all, this configuration provi des
about 18dB nore sensitivity over the configuration of Figure 12. 20

Thus the opposeds.r adi Fhédpparatusdf SR 1 &1 WheftfBE dhhsmit fimingtigmal danses2nd (‘
il lustrated nore specifi caI ly in Figures 14A-C, significantly reduces main

bang coupl i thg transmitter tq)twmuhths isequenee of elestromagnetispulsesiat pulas repetition

oo PVeal |1t ARENREAS B thiche g 408 eeen v e AR AREAPA 8 S ©
danpi ng el ecESQlH s%cﬁ ’ElﬁY‘EbHoEs are Qathpied 8t ﬂaé?gise tepetiorbratiomaNrith diferent adlapyTeEnt

are not 25 gener al Ié% required in t opposed radi at or arran enent .
Wth the al meﬂmtaagenf laxs.cenchi thatr tei samplss signdl represents repeivaed in main

bang . alrlrig_ﬁlrlgr&fromthetransmt antenna to the receive antenna are
reduced so YHNFHEMCagar can operate at zero range, thus allowing
t he detection of -near-surface: objects such as-the human heart or

rebar in concrete. Uses include heart nonitoring, wall thickness 30
measur ement's, bré.dge 'ﬂhe:kppaml@n@clalmllrwhmmahemnstmthdesmvmtemast and

si npl iLfi ed assenbl als rovrd the p sed ant enna
conti Gr at i B i B agace S, andoYeseer Bﬁ@* SRR act
gfzii tank f'inaﬂe@éi%v)&?é‘g%iﬁeedi@ﬁfs o
7. The apparatus of claims 2 or 6, wherein the receiver includes a first
- sampling gate coupled to the receive antenna, a second sampling gate coupled to the
25 receivé--a‘ntenna; and a differential amplifier having a first input coupled to the first

sampling gate and a second input coupled to the second sampling gate.

8. The radar of claim 2, whereiri the timing circuit includes a voltage
controlled delay circuit having a control input, and a voltage ramp generator coupled to

30 the control input of the voltage controlled delay circuit to sweep the receive timing

signal.
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0 96/ 19883619757 M, rrse

sinple to inplenent wide band radar sensor is provided with a swept
range gate whi ch provi Thé rédar 8N¢lhint 80whereihzhs vdltage ramp generat6pegmhptises gmal
maki ng the radar useful as a radar range finder. The radar range finder of
- the present P?N%&]EKRS’H‘“P‘@& FamBR 8eNeratprs ans the veliagsi cogtre 2y Giecut nreducesidist ry
whi ch SUTT e ey whidh 16 al BB lufdeiSR 86 6ole SR WML AHE] inpTPer at ure and
hum dity, reflections 0O oamin vats giving tafse |evel
nmeasurenents and the like, industrial environnents generating

ultrasonic interference, and the inahility of ultrasound to pengetrate
panel s, Sor a dirt 18r The appargis of claims ok i4§T 16, wherein the dransmit satesna . Al |

of
of these defGlenci v . ' ' .WMih a
| ow cost, ve#@gﬁﬁgﬁ?ﬁ%@ﬁ&ghﬁg x@%ﬁgﬁg@gn t'se‘e“r.llastc")l.fl d R&%ﬁ:@&% it ffl éoq'gg?\lé\%és- t he
fluid level pesitivelsNedded monopole andehsd) have been primarily
i npl emented with ultrasound In the prior art, the present invention has

ot her imedi ate - uses in autonotive parking assistance and cruise

control radar. Yet,another use fo his ensor, | hi dden, obj.ect
| ocation, such asT”'i ndi §aBPﬁfatBF giflégﬁ/z’r:‘d#gf’ﬁa m&lﬁe fmr.lsfmgmgccélve
and pi n@s, I edfied dle POSIHSRIUVIdNNRAA and the Mahhit AP fecsive BiehnR2PEHMoumtad

buried wires and 15 ~ pipes. The range finding applications also have many
uses in the Hoecaiesiinaisubstantially coplanar arrangementand kxtend incopposedirections.
described is based on a transmtter which issues a sequence of

single inpulse RF signals by the transmitter, a simlar systemcan be

i npl ement ed usi Ng 13, SeqUeREardths FHlathns 203, 456r CRAhS cofiprisY Fheahs Edﬁ?legstoi n
nmbod h [imte

| ength. The | mpul se transm ssi on enbodi nent nay have

appl i cat i ons theaecriver forf refiucing cutt@(n the saGphnsigiatat i ons Conmi ssion Part - 15

r egul atlisons over the transm ssion nethods all owed ' for wi de band

pul ses. Anot her application of the present invention is an
educational one. hR pari i ol | [ an be
st udi ed using thi slg'si np"l?-xgcdlﬂgg%usv\?f; ﬁlagrr:] lgqgﬁsgmwnﬁhﬁc?&oﬁgngﬁ%u@%ﬁ?
signal . A st eomptiseseat, leash one of nteamsefor decoupling tiectraisatitedvity i fedm alse fkceivie
field 25 of, the radar in a _manner to be studied, and tch the results
on the echoe8®fi}s g€any fqr daraping ringing “b@ﬁ’ﬁ?"ﬁ“@ic@\‘f%.‘a iative conductors extending  t he

present | ”Ve'HohP'&lé‘?e%e%O%’aiv ;da%{nm‘iét h}ateh'h&lﬁbllé%CFdJB{%C)écEﬁgaJavw-t hd b 9N
resol uti on swept range gate for close range applications. e Us€s I nclude
aut onotave  conductivedariping elehrensinounted ircthe beceieavigy. acti ve suspensi on
system sensi ng, occupant position ' : -

| 14.  The apparatus of claims 2, 3, 4, or 6, wherein the transmit antenna
comprises a resistively loaded monopole leaf antenna, and the receive antenna comprises

a resistively loaded monopole leaf antenna.

25 .
'15.  The apparatus of claims 2, 3, 4, or 6, wherein the receive and transmit
cavities are mounted side-by-si&e, and further comprising a double wall structure
| between the receive and transinit cavities, wherein the double wall structure comprises
a first wall and a second wall spaced away from the first wall, the first wall providing a
30 wall of the transmit caﬁw and the second wall providing a wall of the receive cavity.
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30 sensin and ot her appIJ lmm precise r obj ect
needs t oWQ6/9737 det erm ne mu a"," r al so makgg%ﬁﬁ 2@] | ent
fluids and solids |evel sensor fof petrol eum st orage tanks,

i ndustrial mxin vats and graip silos. Its nplitude scan
-22 - 69, 1khegpparatus of claim 15 wherein the transmit and receive antennas are

PCT/ US95/ 16 {83crively tenmnaghﬁpﬁﬁgtz%ia?lg éﬂﬁ@e%ﬁﬁﬁ&eﬁﬁ%ﬁ%@c&{ \94? ence Of

obj ect s behlnc arriers, suc S an
concrete. The device can al so be used i'n nedical applications to
sense novenent of _organs such as the heart within the swept . range.

The foregoing deddri pt'ﬂ?ﬁﬂ’&‘i %l'sﬁ?%?geﬁhﬁ@ﬂte@ﬁ{?éﬁfﬂ‘ﬁ?&ts Wﬁhli‘ﬁéiei%ﬁ‘éfﬁ?ﬁ'%ﬁg has

been 5 5 - presented fo i's
not |nt5ended to glte& ex E?%H%gafa&dddééﬁwﬁwl %g[hlgﬁ?}fea:l |onq{!ms+ﬁ
preci se for ravity sdthasatolléditings Wierelipeloctrormighétivasigmilssin the sequetiethave a
variations will_ be apparent to practitioners Skl lled inthis art. It is

i nt ended t haluratipa  of aboug cl¢), mangseeqndsi of, dossi gpd b t@@smﬁemtwalt fhetwesn| owi ng
claims and Pe%&romggﬁ'énc% &afs ih the sequence has a len&n%méhsex%egds%g nanoseconds,

sampling, at a réceive cavity adjacent the transmit cavity with controlled timing,

F‘

10 a sequence of echoes of the sequence of electromagnetic signals reflected fro_m objects
within the field, each echo in the sequence sampled within a sampling interval of time of
less than 100 nanoseconds from the time of transmission of a corresponding ‘
electromagnetic signal in the sequence: and |

processing the sampled sequence of echoés to indicate a characteristic of an object
15 within the field. ' |

18.  The method of claim 17, including sweéping the sampling interval over

a range of lengths.

20 19.  The method of claim 18, wherein the siep of processing includes safnpling
and holding samples of echoes in the sequence to produce a sample signal representing

the sequence of sampled echoes in equivalent time.
20.  The method of claim 17 further comprising positioning transmit and

25 receive antennas in the transmit and receive cavities so that the electric fields are
substantially parallel to the interface between the cavities. |
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WD 96/ 19438 9619737 ' PCT/US95/16783

PCT/ US95/ 16783 ' CLAI V5

1. An apparatus for detecting a characteristic of objects within a
field, conprising: 5 ~ atransmitter which transnits a
sequence of el ectromagnetic pul ses in response to a transmt timng
si gnal ; a recei ver which sanples echoes fromobjects within
the field of the sequence of el ectromagnetic pulses with controlled
timng, in response to a receive timng signal, and generates a
sanple signal in response to the sanples. the sanple signal indicating a 10
characteristic of objects within the field; atimng circuit

whi ch supplies the transmt timng signal to the transmtter and
supplies the receive tinng signal to theeceiver, the receive timnmng

signal causing the receiver to san@dl e the echoes such that time
bet ween transm ssion of pulses in the \J sequence and sanpling by the
recei ver sweeps over a range of delays. 1 2. A swept
range gate radar for detecting characteristics of objects within a
field, conprising: a transgitter, jdcluding a shielded
transmt cavity and a 1 myy, the shield transmt
cavity, which transm/fs sequence of el e@fr gngfic pulses fro 0 t he
transmt antenna intg the\\iel in sponge t thansmt timn gnal
a receiver, includifig a shNgl ded retei vefcavi nd\a rgcei ve a na
within the shi el ded\xegei ve cavjty, sa echoes
objects in the figld of the of netic EIQSes wth
controlled timng, in responsa\to a rgckiv Lgrn nﬁﬂ and
generates a sanple signal in rayponsg £o the m : a .
timng circuit/which supplies t t yansm J sipal \l oghe transmtter
and sqppl i es the receive m ng signal the\Yecey \@, the receive
timng signal Yausing the edjyoes such that
time between try{nsm ssion of pul sej\\in the S y the
transmtter and Sanpling by the rec ver(Bmeqps over/ a ge \of décﬁys;
and N =< Y

0

\9

1
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‘30 wo 961973 Si gnal processor, coupled with the recei yer/usbsnerssli cate a

characteristic of the obj ect in response to the sanple signal.

-24 - V\D 96/ 19737 '

PCT/ US95/ 16783 3. A swept range gate radar for
detecting characteristics of objects within a range of |ess than 20
feet. conprising: . nsmtter, 1 ncluding a shieldgd -

transmt cavity and a transm Wit hin the shiel ded §yransmt
cavity, which transmts a s¢fuefce of NgHi

fromthe transmt antenna i@ the fle|l {i m ng
signal having a trag$m Yol : gr eat er\tihan 1
nmegaHert z; ] ; ) § sed-ee®iejcavi ty,
a receive antenna within the a firgt
sanpling gate Etﬂﬂ!h&l to thg sanpl|i ng
gate coupled cei ve fant g and a dlffer ifi dving a
first 10 at cgb d tq '¢Sfrst sampl i ng gate x4fl a sec EQD

i nput . coupl e .cOVhéBWc nd sanpling gate, whiq sarrpl es gchoes
fromobjects in the field of’t ¢ sequence of RF

controlled timng in the finfpt \amd S-S 2 NP iE i Elto a
receive timng signal. and oLnerates a sanple S|gnal gsponse tojthe
sanpl es; . ati timng
signal to the transmtter ard 15 supplies the receive tinmng signal to
the receiver, the receive tifm ng S|gnal cau5|ng t he to

sanpl e the echoes such that t 3 5
sequence by the transmitter and saypling @y the3 ecei \/4r sweeggs over a

range of del ays |n a sweep cyclgg 5e&§g sarrpl ed at
t he pul se repetit dwth ?ﬁre ni ?s?/s ?n t he range of
del ays, such that qp si gnal represéﬂ“s ecei ved 20 echoes

in equivalent tinme; an -

202

200

FIG.4A

206 207 ~
05 N 204

FID o8BI FIG. 4B
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a signal @gsspes’ . coupled with the
of objects inthe range in re

4. A radar for detecting character
conprising: 25 atransmtte
cavity having a transmt opening with
field, and a transmt antenna wthin
which transmts a sequence of electro
ant enna into the field in res
each of the signals in the sequence
nanoseconds or |ess; 30 ar
cavity having a receive opening with
field, and a receive antenna within t
whi ch sanpl es echoes froﬁsmblects

el ectromagnetic signals

receiver,to indicate pcghRapsedresi Stic
sponse to the sanpl e signal.

istics of objects within a fleld
r, including a shielded transmt

a perinmeter and facing the
the shielded transmt cavity,
magnetic signals_fromthe transmt:
ponse to a tr t timng signal,

havi ng a~durat i of about 10
ecei ver, incl } shi el d recei ve
a Deri neter - and f aci t he

shi el ded receive cavity,

25 - WD 96/ 19737

PCT/ US95/ 167 th coptrol
timng signal ¥ and generptes a $anple
sanpl es: b shieldling b
cavity and t[ne snreraed ive
cavity is sta&aLedLi&gn.the ei ve
and transmtter electronics; and

by the shielding base, which suppl

the field of the sequence of

ed timng, in response to a reckive
signal in response to fhe

ase, supporting the shielded trpnsmt

cavity such that the transmt
cavity, and shielding 5 refei ver
atimng circuit, shyelded
the transmt timng sifgnal to

the transmitter and supplies the receiV ing signal to the receier
such t hat a sanpling interval between iLssion of a gfven
el ectromagnetic signal i sequence and sanpl i choes of
sai d given el ectromagne'F:i r;a5has a length of less 10 t han about. 300
nanoseconds. :
| 601
@ 46
/;15CM5
RESET
| 607 600 VTR
- z T 604 605
RANGE >
COUNTER _g R \C SAMPLE
6020 7 5 : S\GNIAL
L_' R

RANG DATA
READOLT VO
PROCESSOR

FIG. 6
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5. The vp@pgigrges of clains 1 or 2. wherein the transmt ggriss 1§isgnal

causes the transmtter to transmt the sequence of el ectronmagnetic
pul ses at a pul se repetition rate, and wherein the receive timng
signal sweeps over the range of delays in a sweeg cycl e such that

echoes are sanpled at the puylse repetitig = dnd=“with different del ays

in the range of delays, such that th-,aoia Dl e'S8igngl represents received
echoes in equi val ent t_gsa ) T§ apparatus of
claim1, wherein the transni|tt ncl udes§an a®knna_20 pukd@@ in a
transmt wavegui de cavity, 4nd t cei ver Qg o-@ antggQna rpount ed
in a receive wavegui de cavity ) b e dHpRrarusYof

claims 2 or 6, vvherelz ge recel ver inclufles a.’f rt sanpl i'gP gat e
coupled to the,receiv o qo&, a second panpl i ate coupl ed tq-_-@ 5
recei ve antenr and gudiffgrentjal applifier havigmy rst input coupl ed
to the first § P v .-.-c-.r.. econd i nput “coupl to the second
sanpling gate The radar of claim 2, ;whed@ln the
timng circulOXnchpdes a M tage-lOS trollled del ay Bgui$ having a
control input, and p vql3ade g717) gener at or coule to 30 e rol
i nput of the vol ta contrgdll ed del ay circeH SseeePpiBhe receive m ng
si gnal . - : L - 26 -FIG. 1D
WD 96/ 19737 T : _
PCT/ US95/ 167885V 120
‘140 5V £ 125
1b
+
AN
= 14l
1Mo s | 127729
SYNC - |
1%y 117 16 [ 450 -152
—N | 155
L 5 - S
- [k To
183 T 75 F&IE
;158 *
TV REG 152 gy

157/1?_ -L- | +:__!_: f FIG. 7B
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9. Theye agliyrzpf claim 8. wherein the voltage ranp genermtPUsssAsEsi Ses an
anal og exponential ranp generator. and the voltage controlled delay circuit

- produces a del ay which is an exponential function of voltage on the
control input. 5 : 10. The apparatus of clains 2, 3, 4 or 6,
wherein the transmt antenna conprises a resistively | oaded

monopol e antenna and the recei ve ant egnggRgnpri ses a ~ resistively

| oaded nonopol e ant enna. 11. The apparatus of clains 2,
3, 4, or 6 wherein the tran Band r8ceBOAO cavities are positioned

Si de- by-side and the transmt
the cavities in a subst
di recti ons. égb 12,

further conpFRIMM MRANS Ll\;oupl ed to recei er for-\'r@dum ng
clutter th._Z salﬁleﬁgnal. 5 3. ﬁtz s of
claim12 whe ﬁ‘\ e neans for ] clutter % 5 at | east
one of means for decoupling the transmt cavi ty fromthe receive

cavity; means for danping ringing in the receive cavity; radiative
conductors extendi ng fromthe receive cawc'E ter ing plate
. coupled to the receive cavity; and a sy condu Iﬁa&mz | ement
nounted in the receive cavi g The appar at us of
claims 2, 3, 4, or 6. wherei®@®@ne tra tenna conprises a
resistively | oaded nonopol e | ea efjna, and the receive antenna conprises
a resistively | oaded 25a14 15. The

apparatus of clainms 2, 7he eceaaand transmt
' g rigsing auéubl e wal |
t cavill gsj@\ggin the

cavities ar a~RMed
a first wall and a second wall

structure =1{G. Ipet’'ween
doubl e wall structure :

spaced away fromthe first 1Y the First wall provi ding a 30 wal | of
the transmt cavity and t@O@tond wal | “provi ding aﬂGf 7 ecei ve
.ID

cavity.

4ec€ive antennas are nounted in

ar arran @n extend in opposed
apparat ciains 2. 3, 4. or 6

Th

a20 + S\

155 327

FRrom
Fe.7A




PCT/ US95/%%?§?737 16. The apparatus of cl a(l'Tm 15 wherein

the transmt and receive antennas are resistively terninated at
Cavity walls that are distal fromthe first and second walls.

17. A et hod for sensi‘g% characteristics of objects within a field,
conprising: 5912 0+ transmtting a sequence of el ectromagnetic

timng, wherei D¥Oegty omagriPOS s| grdy
duration of a%uit ) _Nanosec om0
el ect romagnet i c ~BI'YA

equence D}

a _
teerI bet ween
eeds| 100
cent, t he

signals into the fidg froma trafSBI . "~ . Cavity Wth controf] ed
5 RS
W a0

Als in the sequenpce has|all
nanoseconds: Ot ndr—at a fecei

transmt cavit yv&hJdeontrol l ed tym_fig, 10 L qu choes of the
sequence of el :gqg]rm'gnetigena s Tefl ectid ébjeg:??s' = W t hin
the field, eacQ &gho in the sequghce sa 'thinasarrplin'gint rval of
ti me of A6S an 100 nane econ the @B of transmiksion of
a correspondi ng el ectromadneti c shgfal in tHE Sequence: an

processi ng theé% smance of echoes I ndicate a characteriptic of
an object 15

#-n the Tield : e net hpd of
claim 17, including siweeping the mmﬂ\-‘—ngﬁv\ a.fange of

o FIG. 7F

+SV
) 231

T-9238

19852 971 972

IS

" 960

FIG. 7G -'l - RECEIVE CAITY. |
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20 9. The method of claim 18, wherein the $9ris8én6783

. wo%n?? . .
processi ng 1 ncludes sanpling and hol di ng sanples of echoes 1n the
sequence to produce a sanple signal representing t he sequence of
sanpl ed echoes in equivalent tinme. 20. The net hod of
claim 17 further conprising.positioning transmt and 25 receive
antennas in the transmt aHa@Q@c Lve cavitli®2so thaé/ |99bl' ectric fields
_are substantially parallel” to the interfacefetween the cavities.
210 Arad /Qt ti terTH T obj =a] Thed,
: ra rijdet ectin cterilp4] cs_of o withiyl a fie
| Poo8 | o T OF lodo” e
R | Ry
10077
0o & |10\S
+—1019
10097 , [ 4
7 T AN 1003
/ \’ - \\' tloo2
1030~

=
& 4} “ 1033

1036 O

1003
oo




conpri si RE; atransmtter, including a shieldedt A Vi ty
and a trgg%ﬁgg7g%t enna wthin the shielded transmt cavi %?/ﬂ% 5?‘8?%
transmts a sequence of el ectromagnetic signals fromthe transmt antenna
into the field in response to a transmt tining si gnal ; ‘a '
receiver, including a shielded recgive cavity and a receive antenna within
t he shi el ded receive cavity, J sarpl es echoes fromobjects in the field
of the ‘sequence of el ectrgs gnf ignak wth controlled timng in
response to a receive pbmng s ﬁﬁéﬁ? and™ggnerates a sanple signal in
response to the sanpl g8 atimng cibtsyit which supplies the
transmt timng signal ™Q the transnmtter antksuppl i es the receive

timng signal to the ‘ggftye timng i gnal causing the
receiver to sanple theg ti me between ransm ssi on of
signals in the sequenge and[sg Y bqubqqyeceiver sweep over a range
of del ays; and : C to the r¢gppMe and Jransmt
cavities, for reducing aopl e si gnak— 22. The

radar of claim 21, whé¢rein gah$ _ i conpri ses

recei ve cavity.
for reducing cl'%g \ qnping ringing in the
b ar of claiml, wherein the

i ve conductofrs extending

shi el ded receive cavi
means for reducing c AQ

toward the field fromthesg avity. : 25.
The radar of claim 21, ere cing clutte

104\ P ‘
1003

FIG. 10 \ooz

\ooo 1050 155y 100}
054 - '

—= T loss
; ; _d;'\CIS3
L1002
1082 | 053

 FIG.11A
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‘conprises a termnatin | ate coupled to the receive cavi

-3(r)rp- 2 WO I6/1y radargml‘o claim 25), wherei n the shiel ded :Pgﬁjss%s’%mg%vi ty
conprises a conductive case having a transmt opening which faces the field
to directionally couple the sequence of el ectromagnetic signals into the
field, and the shielded receive cavity conprises a conductive case having a
rTeceive opening which faces the field to receive the echoes. 27. The
radar of claim 26, rein the receive opening has a perineter, and

i ncludi ng a conductiv anpi ng, oupled to the perineter of the
%w&g‘ia second | ocati on. 28. The radar

recei ve opening at a fi
of claim 27, wherein the eive opening is substantially rectangular in
shape, and the conductive ing element is nounted such that the first

e perinmeter and the second | ocation is near

| ocation is near a corner of

a center of one side of the peffmeter. 29. |The radar of claim 28,
wherein the conductive danping|pl erent and ;\OOOJ 100\
1055
/ L—1003
1002

°51,10%52 B1G.11B

i
1054 -
1050
1000
) )/IOOS,lOOz.
Yole
oS
10S5S M ' L
g FIG.11C
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f he one sg‘gﬁ,&# 57he perinmeter are arranged in a substantialﬂ&,ﬁg,ﬁg),gyl ar
. %e as a

shape. radar of claim 26 wherein the receive openi ng _
perinmeter, and including a plurality of conductive danping el ements coupl ed
to the perineter of the receive opening, each coupled to the perineter at

respective first |ocations econd | ocati : 31. The ,r r of claim
30, wherein the receive opeip ﬁgis substantﬁﬂF?y rectangula§4ﬂzﬁghape, and

t he conductive darmpf THOoIEE 1oz o e onducti ve
danmpi ng el enent, the fi ' R_grpea La cor ner %;w pefp neter and
er of ong si de of tdle I e
—— .
' Ve ing‘ele nts
Ve ﬂggghd ocatfT ons
B T T

the second |l ocation, is r.
'REPLACEMENT SHEEN /8 1 - 32.
fer, and i ncln@jsg
the receijd openin

31, nd the one
ccur are
claim
radi ati ve
at a first

The radar of claim
side of the perineger
arranged i n subst aftf
26, wherein the recgive

danpi ng el enment czﬁp d
g

| ocati on and ext ehti
R
L pA[Ir X
1114
FI1G.12
%’T\ » 1o (T-)— _ e w2 (p_)
[ 4 4 ) 4 s
. /R‘Tz

. o |u )

Ve
L
~
117

NEAY
L ) v}' v / \
1124 124 126 2o

FIG.13

W30 () L SW3L(RY
1 W36
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'fFLTI 1-. . R Fsz
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34. The radar _of claim 26, wherein the transmt and recg, pings have
respect |W89ﬂéﬂ37ret ers, and including a radiative danping e eme%coupl ed to
the perinmeter of the receive opening at a first |ocation and extending
toward the field, and a radiative danping el enent coupled to the perineter
of the transmt opening at a second |ocation and extending toward :the
field. 35. The radar of claim 34, wherein the receive and transmt

openi ngs have sides which are substantially parallel, and the radiative
danping el enents on the transmt and receive openi ngs are coupled to said

substantially parallel sides. The radar of Fgarg; wherein the
transmt antenna conprises a reﬁJ§§P§§k6 | oaded nnnggd antenna and .
the recei ve antenna coE Eses&ﬁ ely | oaded | eaf ant enna.
37. The radar of cl#i erein ther ive an avities are
nount ed si de- by- Yzl d the neans f reguci ng cFutter wies a doubl e
wal | structure bej\ween t recei ve a trarm@nmt cavi ti€s.
-32 - 38. The ¥W\adar of ai m 37, //wher ei N\t he dg f [ 1 ructure-
conprises a first Il pB4a Second I{Eﬁﬁa d ayay first wall,
the first wall provi\ding a wal I\ of /£ he \ vity and tMe second wal l
providing a wall of Jfhe receivecaMity. {
b h 1132
Z Z yanmad L L ‘ t
:1 'Uiﬁe:j L' =
7 . 7 i k\ \ yd L V.4 yd _ p.an “40
ll4’2.

FIG.14B

J;z)_/QQ | ;{)\/‘¥

WS b \1é6
5 Ry ,5 1168 \}R'rzt\
154 \S9 Wé4 60
r111_ g2 - el 'ﬁl1
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39.. ,The radar of claim38, including a dielectric material hetween.the

f1rst and second—wakts._ 40. A radar fqr L& SHEET |l

chara objects within a field. conpr||F‘gﬁ MENT EE |-
transa*mﬂm m a shielded transmt cavit agtmm openi ng
wi th a*percl C|ngthef|eld and a tranbm.tsantenn p+hi t he

shi el ded transn1t caV|ty which transmts a sequence of electronagnectlc
signals fromthe transmt antenna into the fj . 3 Jy
timng signal, each of the signals in the segi#ts : SEaEisi—of
about 10 nanoseconds or |ess; g eceiver, |nclud|ng a shlelded
receive cavity having a receive opening"wth a perimeter and facing the
field, and a receive antenna within the shiel ded receive _cavit whi ch
sanpl es echoe@lf-r om Sbfasiar dor detecing fehamgtegtiashel SRaEre Fitipm@ 8eldet r omagneti c
signal s vmééﬁyag .ol led timng, in response to a receive timng signal, and
generates a sanple signal in response to the sanples; a shleldlng
base, supportlnguahsnSHLGdeﬂntaahsﬂmiumamutqwmudndhmashnéhd@unaecelve

cavity such. t.h a nsnkt v se ar ed fr ve cavity,
and snl eld Sléc%?ﬁ%&{%%mf r%&gfm“ﬁ‘{% uE%c "gﬁlﬁ<E tpnelmK"g‘%&':a tim ngy
circuit, séigedisifdmbthettamsmiriantetnntdardieldti ﬁbpc&lselni 2 Ganddiie tibmiag@smit tinming

si gnal to the transnitter and supplies the receive timng signal to the
receiver, 4k (hat a sanpling interval between transmi ssion of a given

el ect romagnet i Ca ficavaY, mem&gaaaﬂam Qi vt d R0 aRlhaeitiA Sai d given
el ectromagnetic S|gnal has | ength of | ess than about 300 nanoseconds.
REPL ACENVENthe shielded receive cavxty, which samples echoes from objects in the field of the
sequence of ¢lectromagnetic signals with controlled timing, in re5ponse to a receive
timing signal, and generates a sample signal in response to the samples;
a timing circuit which supplies the transmit iming signal to the transmitter
and supplies the receive timing signal to the receiver, the receive timing
signal causing the receiver to sample the echoes such that _time between
transmission of signals in the sequence and sampling by the receiver sweeps
‘over a range of delays; and
means connected to the receive and transmit cavities, for reducing

clutter in the sample s:.gnal
22. The radar of claim 21, Wherein the means for reducing clutter
comprises means for decoupling the shiclded transmit caviry from the shiclded |

receive cavity. -

23.  The radar of claim 21, wherein the means for reducing clutter
comprises means for damping ringing in the shiclded geceive cavity.

24. The radar of claim 21,wherein the means for reducing clutter
comprises radiative conductors extending toward the field from the shielded

receive cavity.

25. The radar of claim 21, wherein the means for reducing clutter

compriscs a terminating plate coupled to the receive cavity.



-.33 - .41, The radar of claim40, including a first termnating plate
coupl ed to the transmt opening of the transmit caV|tv and a second

ter m natl 0 the receive opening of

The ﬂmm"m"m?"mm wherein the recei ve opef)i Ny WF@&%E
caV|ty defi*ne$ atplane, "and the termnating plate co4 %—tgm%cew
opening of the receive cavity is arranged so that it f rom
the plane into the field. 43. The radar of cIa|m41 vvherelnthe
receive opening in the receive cavity defines a plane, and the term nating
pl ate coupled to the receive opening of the rec e
that it is substantially within the plane. 44, The radar of claim4l,
wherein the termnating plate in t} @ receive caV|ty is arranged so that it
provides gain in the recei ved echoe The radar of claim40,
including a conductive danping el ement coupled to the perineter of the
recei ve operfhg ofhe Fpdaroefidleim 21avhereir e shielded wansmitranlfy spmpsises coupl ed

to the peri gl H &ivetcgfeﬁa %sﬂﬂ%@kﬁﬁ%%chvﬁcés ELANS- dxrech%rfaglg The

radar of claim wher e he recei ransm openr ngs

subst anti al Icybupbcrharsgqncacc pfelstpeagnaticl stzhaisdmdhetﬁeue addnthe shieldednent in
the receive cavit s mount ed su h .t hat two | Qcatiops ipclude a first

| ocati on nedf-a cor HeFoBPRE 8 Y‘i’r‘é’?é?’e H‘“&%W?MW a center

of one side méﬁeh&opafcivmheéehoaﬂd t he conductive danping elenent in the
transmt cavity is nmounted such that the two | ocations include a first
| ocation near a corner of the perimeter and a second | ocation near a center

of one side ef.t hehep&l’aaﬂftoer ¢laim 28§, wherein the receive openmghas aPenmeter
and including a conductive damping element coupled to the perimeter of the
receive opening at a first location and a second location.

28. The radar of claim 27, wherein the receive opening is substantially
rectangular in shape, and the conductive damping element is mounted such that the

first location is near a comer of the perimeter and the second location is near a
center of one side of the perimeter.

25. The radar of claim 28, wherein the conductive damping element and N
the one side of the perimeter are arranged in a substantially tiangular shape.

30. The radar of claim 26, whercin the receive opening has a perimeter,
and including a plurality of conductive damping elentents coupled to the perimeter
of the receive opening, each coupled to the perimeter at respective first locations
and sccond locations.

31. The radar of claim 30, Wherein the receive opening is substantially
rectangular in shape, and the conductive damping elements arc mounted such that
for cach conductive damping element, the first location is near a comer of the

perimeter and the second location is near a center of one side of the perimeter.
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S|des of
The
danplng elenentb cbupl e

radar of claim 46, wherein the cqpehed i e

e )
el ements\mm transmt cavities,
m& wmu e arranged in a subst anti 2
mm,m(pﬁ) including a first plural
to the perineter of the re
coupled to the perineter at two | ocations;

and HEPLAGBMENW@“E@T

opeor: RS

and a second pIurallty of~

conductive danping el enents coupled to tb@mtuf@tsﬁée@f_ ¢ hRnkregggm t

openi ng,
radar of cl ai m 40,

receive and transmt openi ngs

each coupled to the perineter at two locations. 49
I ncluding a radiative danpi ng el enent
perineter of the receive opening extegﬁing toward the field,
radi ati ve danpi ng el enent coupled to

extendi ng towasgl t hend 'rgh&' of claimG1, whafeid MOnaﬁctﬁ}e%mpﬁgﬂ

The
coupled to the
and a

e perinmeter of the transnit opening

eléhRR@ N the

have si'des which are substantially parallel,

and t he radiaaditheonmsige nfjtheperimeter on vhidhethe respeetive seeahdrlocasions oopni ngs ar e

|des 51. The radar of claim

30, "wher ei n THETEHARIR b rd i gt

33. The radar of claim 26,Wherein the receive opening has a perimneter,
and including a radiative damping element coupled to the perimeter of the receive
opening at a first location and extending toward the field.

34. The radar of claim 26, wherein the transmit and receive openings
have respective perimeters, and including a radiative damping element coupled to
the perimeter of the receive opening at a first location and extending toward the
field, and a radiative damping element coupled to the perimeter of the transmit
opening at a second lacation and extending toward the field.

35: The radar of claim 34, wherein the receive and transmit openings
have sides which are substantially parallel, and the radiative damping elements on
the transmit and receive openings are coupled to said substantially parallel sides. '

36. The radar of claim 21, whercin the transmit antenna compriscs a

tesistively loaded monopole leaf antenna, and the receive antenna coroprises a
resistively loaded monopole Jeaf antenna.

37. The radar of claim 21, wherein the reccive and transmit cavities are
mounted side-by-side, and the means for reducing clutter comprises a double wall

structure between the receive and transmit cavities.



resistively | oaded=seaepate-teatmant enna, and the rece| es %
‘a resistively GaMGMNﬂMETe Hf ant enna. E{ﬁg m“m‘ﬂrmﬁ :
sl

wherein the rdgcei ve a.n(h.transmt cavities are m)unted Si e, an

conprise a do IDete/»aJI bet \/ﬁﬁg ﬁg Ev_esa é??ﬁmt cavities.
'. 35 = 53 rrrecroauoucd \va 52, ’ ti.é%%e g H&l tUCt Ure ]

conprises a first wall and a second | I spaced away fromthe first wall,
the first wall providing a wall of "thhe transmit cavity and the second wal l

provi di ng ggwal knfralikie ok eQRILN €37G Stictein the doubléwall sthiiRureadapriads Cl ai m 53,
including a dielectric material between the first and second wal | s.

55. A reefingovalband arssrongd walh spaced amay ifrom ghe 6@} Is the first wall 1 el d,
COMPEL S| Noviding a wall SRS Hhdshliivily SAUCLES I PGARbE eS| 9nal s i nto

the fiel roma transmt cavity wth contro ! t| m ng, wherein

el ect r onagewive cavdygnal s i n the sequence have a duration of about 10
nanoseconds or less, and a transmt interval between el ectronmagnetic
signals in the sequence has a | ength which exceeds 100 nanoseconds;
sanpling, &92.a Imheerader cdvelaimall ainclutlinghanli¢lectric materiahbetmeenmtlich control | ed
timng, a seaqndencen&)wﬂ?schoes of the sequence of el ectromagnetic signals

refl ect edﬁISt

40. A radar for detecting characteristics of objects within a field,
comprising: |

a transmitte, mcludmgash;eldedu-ansmucavwhmnga transmit opening
with a periineter and facing the field, and a transmit antenna within the shielded
transmit cavity, which transmits a sequence of electromagnetic signals from the
transmit anteana into the ficld in response to 2 wansmit timing signal, each of the
signals in the sequence having a duration of about 10 nanoseconds or less;

a receiver, including a shielded receive cavity having a receive opening
with a perimeter and facing the field, and a receive antenna within the shielded
receive cavity, which samples echoes from objects in the field of the sequence of
electromagnetic signals with controlled timing, in response to a receive timing
signal, and generates a sample signal in response to the samples; '

a shielding base, supporting the shielded transmit cavity and the shielded
receive cavity such that the transmit cavity is separated from the receive cavity, and
shiclding receiver and transmitter electronics; and .

a timing circuit, shiclded by the shielding base, which supplies the transmit
timing signal to the transmitter and supplies the receive tming signal to the
receiver, such that a sampling interval between transmission of a given
elecromagnetic signal in the sequence and sampling of echoes of said given
electromagnetic signal has a length of less than about 300 nanoseconds.



from.objects within the field, each echo in the sequ
sanpling_interval of tine of |ess than 100 nanosecon
transm ssion of a correspondi ng el ectronmagneti c si gng
connect i cing clutter in the sanpled
and tranﬂ“lmmnﬂlllﬂmmnfor to the steps of transm tH =
processi n§ the 'saflpl &d &equence of echoes to indicate a char acterl stic of
an object within the field. 56. - The nethod of claim55, including
sweepi ng the sanpling interval over a range SubstER@khsheet - 5 Jorfe 1998 he
met hod of claim56, wherein the step of procCessSing I nclrudes -sanpiing and
hol di ng sanpl es of echoes in the se@serce to produce a sanple signal

representing the sequence of sanpl ed echoes in equival ent tine.
- 36 - 58t 1The Fadaroaf otladmatn ssclm@sa mgng’aﬂﬁselqtﬁ%m}%q i s

about 10  nanogegon g%n&xt'o%%ﬁmg of the transmit cavity and a second terminating plate

coupled to the receive opening of the receive cavity.

42. The radar of claim 41, wherein the receive opening in the receive
cavity defines a plane, and the terminating plate coupled to the receive opening of
the receive cavity is arranged so that it lcans at an angle from the pl_ane into the
field. '

43. The radar of claim 41, wherein the receive opening in the receive
cavity defines a pline, and the terminating plate coupled to the receive opening of
the receive cavity is arranged so that it is substantially within the plane.

44. The radar of claim 41, wherein the terminating plate in the receive
cavity is arranged so that it provides gain in the received echocs.

45. The radar of claim 40, including a conductive damping element
coupled to the perimeter of the receive opening at two locations, and 2 conductive
cimnping element coupled to the perimeter of the transmit opening at two locations.

46.  The radar of claim 45, wherein the receive and transmit openings
are substantially rectangular in shape, and the conductive dampiag element in the
receive cavity is mounted such that the two locations include a frst location ncar
a cotner of the periineter and a second location near a center of one side of the
perimeter; and the conductive damping element in the transmit cavity is mounted
such that the two locations include a first location near a corner of the perimeter

and 2 second location near a center of one sidc of the perimeter.
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59. . _The nethod of claim 58 wherein the signal durat i%ﬁpti'péc%‘%ms‘imm

nanosecond or T6ss.; ; The net hod of claim %9, whergi -
D@?L"TQMJ

transm ut 1 mcrosecond or | ess. =
claim Eﬁ"'" @"“"r"!,l mEOdI cally sweeping the sanple Tnter vaI over a range
from about ¢10Lnamo s or less to about 2 nanoseconds 051 35159

62. The method of claim55 wherein the sSégstdtute,ghest

reducing clutter is perforned by at | east one of decoupli ng the transm't

cavity fromthe receive cavi ty by pl‘aﬁ My a spacer between the cavities,
attaching conductive M sst 0 the recei cavi achi ng
radiative condudors '&ﬁmg ?ée%ggout vvar"&lf"if“f'r'g ’ﬁ@c %%mggt/ and

attachi ng a t erjgiciofetside a{&i-ﬁasﬁﬁt daliRies, ad it repathivy one snde: of the mﬁsiewm?
PCT/ US95/ 16783

are arranged in a substantially triangular shapes.

48.  The radar of claim 40, including a first plurality of conductive
damping ¢lements coupled to the perimeter of the receive opening, each coupled
to the perimeter at two locations; and a second plurality of conductive damping
elements coupled to the perimeter of the transmit opcning, each coupled to the
petimeter at two locations.

49. The radar of claim 40, jncluding a radiative damping element
coupled to the perimeter of the receive opening extending toward the field; and a
radiative damping element coupled to the perimeter of the transmit openmg
extending toward the field,

50. The radar of claim 49, Wherein the receive and transmit openings
have sides which are substantially parallel, and the radiative damping elementson -
the transmit and receive openings are conpled 1o said substantially parallel sides.

51. The radar of claim 40, whcrcintlwﬁ-ansmit anfenna comprises a
resistively loaded monopole leaf antenna, and the receive antenna comprises a
resistively loaded monopole leaf antenna.

52. The radar of claim 40, wherein the receive and mansmit cavities are

mounted side-by-side, and comprise a double wall structure between the receive
and transmit cavitics.
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53. The radar of claim 52, Wherein the double wall structure comprises

a first wall and a second wall spaced away from the first wall, the first wall
providing a wall of the transmit cavity and the second wall providing a wall of the

receive cavity.

54. The radar of claim 53, including a dielectric material between the
first and sccond walls. :

55. A method for sensing characteristics of objects within a field,
comprising: ' -
transmitting a sequence of electromagnetic signals into the field from a
transmit cavity with controlled timing, wherein electromagnetic signals in the
sequence have a duration of about 10 nanoseconds or less, and a ransmit interval
between electromagnetic signals in the sequence has a length which exceeds 100
nanoseconds;
sampling, at a receive cavity adjacent the ransmit cavity with controlled
timing, a sequence of echoes of the sequence of electromagnetic signals reflected
from objects within the field, each echo in the sequence sampled within a sampling
interval of time of less than 100 nanoseconds from the time of transmission of a
corresponding electromagnetic signal in the sequence;
connecting means for reducing clutter in the sampled signal to’ the

receive and transmit cavities prior to the steps of transmitting and sampling:
and

processing the sampled sequence of echoes 1o indicate a characteristic of
an object within the feld.

56. The method of claim 55, including sweeping the sampling interval
over a range of lengths.

57.  The method of claim 56, wherein the step of processing includes

sampling and holding sanples of echoes in the sequence to produce a sample

signal representing the sequence of sampled echoes in equivalent time.
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$8. The method of claim 55, wherein the sample interval is about 10

nanoseconds or less.

59.  The method of cla:.m sg, wherein the signal duration is about 1
nanosecond or less.

60. The method of claim 59, wherein the transmit interval is about 1
microsecond or less.

61. The method of claim 60, including periodically sweeping the samplc
interval over a range from about 10 nanoseconds or less to about 2 nanoscconds or

less.

62. The method of claim 55 wherein the step of connecting means for
reducing clutter is performed by at least one of decoupling the transmit cavity
from the receive cavity by placing a spacer between the cavities, attaching
conductive damping elements bo the reccive cavxty, attaching radiative
conductors which extend outwardly &om the receive cavity, and attaching a

terminating plate to the rgge:.ve cavity.



i
3

~ 4704660

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

RIS cpy

(51) International Patent Classification 6 : (11) International Publication Number: WO 96/19737) P
GO1S 13/00, 13/08, 1724 Al (43) International Publication Date: 27 June 1996 (27.06.96) |~
. (74) Agent: SARTORIO, Henry, P.; P.O. Box 808, L-703, Liver-
(21) International Application Number: PCl‘/US95/16783// more, CA 94550 (US).
(22) International Filing Date: 19 December 1995 (19.12.95)
/ (81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH,
(30) Priority Data: - CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, JP, KE,
08/359,151 / 19 December 1994 (19.12.94)  US KG, KP, KR, KZ, LK, LR, LT, LU, LV, MD. » MN,
08/451,876 " 26 May 1995 (26.05.95) - Us MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, I, SK,
TJ, TT, UA, UG, US, UZ, VN, European patent (AT, BE,
_ CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT,
(60) Parent Applications or Grants SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML,
(63) Related by Continuation MR, NE, SN, TD, TG), ARIPO patent (KE, LS, MW, SD,
us 08/359,151 (CIP) SZ, UG).
Filed on 19 December 1994 (19.12.94)
us 08/451,876 (CIP) _
Filed on 26 May 1995 (26.05.95) | Published
: With international search report.
: Before the expiration of the time limit for amending the
(71) Applicant (for all designated States except US): THE claims and to be republished in the event of the receipt of
REGENTS OF THE UNIVERSITY OF CALIFORNIA -amendments.
[US/US]; 22nd floor, 300 Lakeside Drive, Oakland, CA )
94612 (US). : : /
(72) Inventor; and _
(75) Inventor/Applicant (for US only): McEWAN, Thomas, E.
[US/US}); 1734 Cairo Street, Livermore, CA 94550 (US).

(54) Title: AN IMPULSE RADAR WITH SWEPT RANGE GATE

<R
) Re
| 82 3

| SNyt S |

(57) Abstract

A radar range finder and hidden object locator is based on ultra-wide band radar with a high resolution swept range gate. The device

an equivalent time amplitude scan with a typical range of 4 inches to 20 feet, and an analog range resolution as limited by a jitter

of on the order of 0.01 inches. A differential sampling receiver is employed to effectively eliminate ringing and other aberrations induced

in the receiver by the near proximity of the transmit antenna (10), so. a background subfraction is not needed, simplifying the circuitry

while improving performance. Techniques are used to reduce clutter in the receive signal, such as decoupling the receive (24) and transmit

cavities (22) by placing a space between them, using conductive or radiative damping elements on the cavities, and using terminating plates

on the sides of the openings. The antennas can be arranged in a side-by-side parallel spaced apart configuration or in a coplanar opposed
configuration which significantly reduces main bang coupling.




