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RANGE- GATED Fwinldgrofss T URBANCE SENSOR W TH RANGE- SENSI TI VI TY CO\@I@%MM 65
The United States Government has rights in this invention pursuan

Contract Number W 7405- ENG 48 between the United States Departnent of
Energy and the University of California for the operation of Law ence

Li vernore National Laboratory. 10 BACKGROUND OF THE

| NVENTI ON Fi el d of thed(cﬂ ' % ' ; s tothe field
of proximty sensors; an ﬁgr-(e;%par ﬂ%@r y.ﬁ%ﬁPﬂeN%ﬁﬁéﬁgéﬁnCe sensor
technol ogy. 15 Des MWITH RANGE-SENSITIVITYICOMPENSATIONoance - sensor s

provide a class of notion detectors which have a w de range of
applications, such as autonotive burglar alarns, house intrusion safety and
robotic sensors, industrial counting and process control, autonmatic door
openers, and autonotive obstacle detection. 2 These sensors

0
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reflected energy in a sensor energy I n the sensor
field will reatth GonatraetyNumbee, Wvid05:ENGe48 sbetweeart i the Winitedh States i el d.

the {1 el t. t holePRUNIATS of Eneray ard fe Delvedsitt g Canemia farhecpession of i i d
et cal to coaTaetEnkaR RapShalR N, C\ave Sencors. Bxisting
designs suffer several significant problens which limt. their
10 - BACKGROUND OF THE INVENTION
"The present invention relates fo the field of proximity sensors; and
more particularly to field disturbance sensor technology.

15 . Description of Related Art
Field disturbance sensors provide a class of motion detectors which
have a wide range of applications, such as automotive burglar alarms,
house intrusion safety and robotic sensors, industrial counting and process
control, automatic door openers, and automotive obstacle detection.

- 20 These sensors operate basically by transmitting an electromagnetic
signal, and detecting reflected energy in a sensor field. The reflected
energy in the sensor field will reach a steady state, when there is no motion
within the field. If an object which absorbs or reflects the electromagnetic

. energy enters the field, then changes in the reflected energy are detected.

25 - Field disturbance sensors operating at microwave frequencies are
essentially identical to continuous wave (CW) Doppler miérowave Sensors.

Existing designé suffer several significant problems which limit their

application. In particular, they are subject to false alarms caused by
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application. In particular, they are subject to false alarns caused by
WD 96/ 0793%y0 PCT/

i nterference ?ron1other transmtters close to the field of the senso¥ or
caused by oversensitivity of this type of sensor at close range. The fleld
di sturbance sensors of the prior art rely on relatively high power

m crowave energy in nost appllcatlons These hi gh power 5 m cr onwave

noFt ow b On%n%&rkhl s ‘qul te cr Qﬁ-ﬁ?%%%éé‘%”tﬁé o the géhlsa}id,e: é

narr ow band rrnstance, t e existing f

di st urbance ¢Gised by ovérsensitivitybtthis typecofsensof aeqloseaangand as mcrowave
ovens and ot her high pomer m crowave devices. This subjects.the, sensors to
fal se readings ca lo\ disturkance sensars of the.peor art rely Fﬁj@t high ¢ { he

S Tel ot ve e ﬁﬂ@%\?ﬂgg iRy 17 rfostoGEPRriongl CTtidee Hig patker 00 Uses
purpgses is thidf?%@e %ﬂblféahbﬁ@ g Tivited byseorpaiunicdtion regulations &ed i n a

given field is imte Field disturbancé sensors of the prior art are also
hyper sensi t i retativelylfarrow band| whichris iquite crowdeda stnestanm the exstingned to

nseot F;i%h-Sf%J&fqé‘@préérﬁé’eﬂgé‘ﬁsﬁ‘rgi’#kmpém% in Yhe 5ol freBubaty BBt Lo o
Sl e rhbyd BYefe i Boufr %‘%L?%’é‘?ﬂ“‘s sURER R 15 the
hyper sensi ti e seriahs frfatsd readingsvausell by extemal transmitters in the range
10 of the receiver on the sensor. Because the allocated frequency range for ‘
such uses is relatively narrow, the number of channels which can be used
for these purposes is limited Thus, the number of sensors which may be
used in a given field is ||mmed , .
. Field disturbance sensors of the prior art are also hypersensmve at
16 close range. Thus, a sensor which is tuned to detect motion of a person
at about 10 feet, will emit a false alarm when an msect Iénds on the surface
of the antenna. This problem arises because the sensitivity of the device
falls off as function of 1/R? where R is the distance from the transmitter to
the reflecting .object: Aléo.-_.this hypersen__sitiVity' subjectg_th_e' sensors to
20 ~ false alarms from vibrations or other mech__an__igal disturbances to the
sensor. _ . _ _
Accordingly, it is desirable to provide a field dlsturbance sensor
which overcomes the false alarm problems of pnor art deslgns. Also, itis
" desirable to provide a system which'all_ows multiple sensqrs' to be placed
25 . in-a single field without interference.



i
20 false alarns fromvibrations or other nechanical dist urbances to
the sensor. AQeggiddg! Y. it is desirable to provide a field disj §14
sensor which overcones the fal.se alarm problens of prior art de5| gns g
it is desirable to provide a systemwhich allows nmultiple sensors to be
pl aced 25 in a single field without interference. SUMVARY OF THE
| NVENTI ON - 2- WO 96/ 07931

PCT/ US95/ 11046 The Mﬁ\iﬁi‘@%e w?%}hio rbance
sensor whi ch operates #‘a | vﬂ g%{vég@mﬁgﬁav%%\él egmg%ﬂ%] us’.'tgbl")|
operating r angwhlcisopentatés'WRhuhﬁverW pbwet, qaevudesmacmhétam operatiogit i on
of nmultiple sensors, and.is inexpensive to manufacture. Th

present i nvent fahg@ds net hypersenstive st close t@ngenawwaﬁpdﬁcam otwitiple

el oct romanet | £oRRRL AR IRBEIMRAT8 ReniRBREE: .2 bur et repetition rate,
and eacl burst has Q'Hé'??éséfﬂt%bem eAATHe TABratENZdS as0a sBrbf wiith 2

transmtter frequency. sensor i ncludes a receiver which receives 10
el ect romagnet i includes @ trangritter thattransmits & sequence of transmitted bursts of| udes

Fr anom t£ed" buPROQARRENG Enardy. nf e Realianee of b Jypen Husst fepediion
- rate, and each burst has a burst width and compnses a number of cycles
at a transmitter frequency. The sensor includes a receiver which receives
10 electromagnetic energy at the transmitter frequency. The receiver includes
a mixer which mixes a transmitted burst with reflections of the same
transmitted burst to produce an intermediate frequency signal. The
intermediate frequency is produced by modulating the transmitter
| frequency or amplitude at the intermediate frequency. Circuitry, coupled
15  to the receiver and responsive to the intermediate frequency signal
indicates disturbances in the sensor field. Because the mixer mixes the
transmitted burst with reflections of the transmitted burst, the burst width
defines the sensor range R to be about 1/2 of a burst width. '
Aceording to another aspect of the invention, burst rate moduiatidn
20 circuitry is coupled with the transmitter for modulating the burst repetition
' rate. In one aspect, the burst repetition rate is randomly or pseudo-
~ randomily modulated so that bursts in the sequence of bursts have a time
of occurrence relative to the nominal rate which varies over a range greater

than the burst width.
25 . In one system, the transmitter frequency is on the order of gigaHertz
{(e.g., 2GHz), the burst repetition rate is on the order of megaHertz (e.g.,
: 1'MHz), and the intermediate frequency is on the order of kiloHertz (eg.,
10KHz). A burst may have a number of cycles on the order of 2-40 at the
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internediate frequency is produced by nmodulating the transmtter frequency
or anpl it udgeds 35 intermediate frequency. Grcuitry, couple 895 1110460 ©
the receiver and responsive to the internediate frequency si gna i cat es
di sturbances in the sensor field. Because the mixer nixes the transmtted
. burst with reflections of the transmtted burst, the burst w dth defines
the sensor range R to be about 1/2 of a burst wi dt h. According to anot her

aspect of t S coupl-ed
"Fahdhiial WRBuetl S This tlng Ayl for 1116 S6diiérice b couple

V\nththetransm urst etition rate. I n one -

aspect, the bursts. Bﬁmﬁdmaﬁngmttmeefommlmﬂcpefrth@seqmﬁefrmslswymdul at ed

so that bursts in the sequence_of bursts have a tine of occurrencirel ative

to the noni neElore thanthedpursh width, Mr"kﬁm?%&hﬂr%'& two ttmm'ﬂﬁrso t width.

SFgaHer tz (egﬁ'l‘g'ag%%zt?‘yét ﬁg}’ﬁﬁéﬁ Wﬂﬁgﬁ?qﬁﬁﬁo Qgp(yoger of

megaHsrtz (epHase %E&nsrﬂﬁ‘dvﬂléﬁcaﬂéés' Q%ibrﬁﬁ@rﬁrréébmnltﬁe% rébéivef der of

kil oHertz (e.g burst may have a nunber of cycles on the order
of 2-40 at tisdow3 Also them:wanenm that the mtermedlate frequency oscillators

PCT/ US95/ 1104 transm tte e, Th| s duces a.lo cle for
t he sequence B@FE ' %F‘%&E‘H?‘P‘gde‘é'fér

sequence of Py gﬁuday thé ha&ﬂésw%ﬁ faltbCltbtectBh, Jfﬁbé,hm_réhﬁt any
channelization of the sensor is provided, allowing multiple sensors to be

10 used in a single field. = | SR | o ‘
According to another aspect of the mventlon the transmitter
frequency is modulated by changing the transmitter frequency between a
first frequency and a second frequency at the i_nt_emiediate_ frequency. The

first frequency relates to this second frequency such that the phase of
16 pulses at the end of the burst at the ﬁrs_t-ﬁequ[ency differs from the phase
of pulses at the end of the burst at the second frequency by less than one
cycle, and preferably by about 1/2 cycle. The intermediate frequency
signal generated by the mixer will indicate' the relative magnitudes of the
_reflactions at the first freqixen_cy and the second frequency. These relative
20 magnitudes are a function of the difference in:phése between the pulses.
~ atthe beginning and end of a burst at the first frequency and the difference
in phase at the beginning_-and end of__a-bur'st at the second frequency at the
receiver, and by the magnitude of the reflection. Because the difference
in phase at short range is much less than the difference in phase at the
25 . maximum range, the. sensitivity of: the device at. close'.range is reduced

relative to the sensitivity at the sensor maximum range.

Accordingly, a transmitter may be typically oentered at 2.0 or
6.5GHz, or higher, to transmit an RF burst with a burst width that is equal
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generate a burst coincident with the burst of another transmtter and in a

5 phase stg,g'ﬁpshi p which causes a significant response é’q?fbgsffléﬁé@

reecei ver is | ow so, the low likelihood that the internedi at
oscillators of two sensors will coincide to a degree resulting in
significant interference further reduces the probability of false
detection. Thus, inherent channelization of the sensor is provided,

allowing nmultiple %Sélﬁ‘o?r!s t o ﬁﬁﬁ‘%or?fﬁ[%arﬁed Iﬁ?‘ﬁ‘@% I fé‘lrfgbg?s ccorfj;?gd

to anot her asp

by changing t hgyd frﬁﬂ§|'i‘iitféd36utfsﬁsqu§é’tf¥<¥r%b%68iv% @Fgee?;(sércaﬂes Horndyhe?

second frequency at the 1 nternediate frequency. I rst frequency rel ates
to this secondoperafjon)) tiyereis honiizingtactiop ifdhe reflectéd signal gorhes back aftére end

of the burst at the first frequency differs fromthe phase of | ses at the
end of the bur 'E@“"t’ﬂ'@%@@%ﬁ@’”ﬁéém°I-E'%‘és'ttﬂﬁﬂﬁ‘éﬁé’@yﬂeg%ya

referaply b tope | . i ' er at ed
Ey thea‘?ﬁ ierywﬂﬁg{iwﬁﬁ&bﬁg}%g%ﬁ'ﬁggm bﬁggiﬂ%%@g?@&%@#s at
the first freopgigey HbirkersRAGOA rateds e/ modutited i b3irefétret) system

magni tudes are a function of the difference in phase between the gul ses at
t he begi nni ng tonprevant«oherent: collisions vdthr othar sensgore,nand 4o prewentdbedter ence

recei ver, and Bpdudemyindiainiaternes, s s Botteladtyitbarsiidlaifgtnce | n
i mum r ange, "REeE of SoBEA BuRSS il dlblubols fiter TypRal. e Bistieferio” =
{ regﬁts ImV?t te ? trrgmtgeisfcbﬁ ithe Hrde:t of {‘lerrrtega&{v%na{rmé iovagass filteo hdhrwlm_, a
y be typically centered a o]
millisecond response to integrate about 10,000 bursts to facilitate the
channelization. |
The receive mixer may be a single diode circuit followed by a bipolar
transistor amplifier for low noise operation. Due to the low duty cycle of the
15 sensor in a preferred application, the receiver functions as a sample and
* hold circuit to str_etch the detected .e;ignal from one burst repetition cycle to
the next.
Low duty cycle operation reduces total RF emission levels to the
point that operation under Federal Communications Commission - (FCC)
20 part 15 regulations is possiblé, opening large spectral regions for use and
eliminating the need for tight frequehcy control. Another aspect of low duiy
cycle operation is low power consumption. If the burst width is 10
nanoseconds, the repetition interval is 10us, the transmit current is reduced
-a thousand-fold, permitting multi-year continuous operation on batteries.
25 : Another novel feature is provided by the frequency modulation of
the transmitting oscillator, which periodically shifts the transmit frequency
at the int_ermediate frequency of, for instance, 10 KHz. This causes a
square wave to appear in the intermediate frequency at the mixer dutput.
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6.5GHz, or higher, to transmt an RF burst with a burst wdth that is equal
-4- WO 96/ 07931

PCT/ US95/ 11038993 i e to the two-way time of flight at the rREGVENH11046
detection range. Since the transmtted burst is used for the receive m xer
(so-cal |l ed honodyne operation), there is no nmxing action if the reflected
signal cones back after the transmtter has stopped transmtting. Thus, the
wi dt h provi ded burst width control of the transmtter

by the 5 _ A
controls the %ﬁm@etee&ew&n%a@ehﬁwm¢ to the,maceive,mixef @NNOt o se

sensors. _andPESSHTeSrEes i i b ReFulin GS W DG, AokiesBondk g P
facilitated RhangestUnotheNdveragar @eeivedbethads which vary Withstife iefifted owpass .
filter. Typically, the burst repetition 10 rate is on the order of 1

megaHert z andrequenciesivJaing iniwith-thethomedyre operatier ferrclosemiumsethese

I ntegr.ate about 10,000 bursts to fagiljtate the ¢ nelizatiaon he receive
m xer omay be '%ngm%@ %@@WY, ﬁ?%f’?ﬁﬂ%%c\bv‘#q@?qm ap ﬁ'? zﬁ@?%?ﬁr |
anplifier forg ' f%{gﬁ’-‘ﬁ ; ) B 15 :
sensor in a Sﬁiﬁfré}é”dﬁ%ﬁﬁﬁ@ﬂ'@%“ﬂ%eﬁ ec |v§?%¥%ﬁrﬂwgﬁﬂ@ﬂ?éfggl e and
hol d circuit distant returab at hearthemaxithum gange, thedfrequendyumedulatipris seton cycl e
to the next. Low duty cycle operation reduces total RF enmissign Levels to

t he - to provide a full 1/2 cycle shift in the received echoes at the two

frequencies, or in the total number of RF. cycleé included within thé burst

10 width. Thus, targets at the maximum range provide a Doppler response ‘

with a full 180° phase reversal between the first and second frequencies
of the modulation. Since the intermediate frequency amplifier passes
signals that vary at the modulation rate, and with an amplitude that
. corresponds to the magnitude of the phase reversal, there is no sensitivity
15 at zero range; and maximum sensitivity at the maximum range
‘compensating for the natural loss in sensitivity with increasing range.
Accordingly, an improved field disturbance sensor has been
provided, which is range gated, allows for multiple sensors in a single field,
and which overcomes the hypersensitivity at close range of the prior art.
20 Furthermore, the system-is'simple to manufacture, low cost, and operates
| with%s'uchabw power that multi-year battery operation is possible.
= Other aspects and advantages of the present invention can be seen
uporiTeview of the figures, the detailed description, and the claims which
- follow. |
25
BRIEF DESCRIPTION OF THE FIGURES W
Fig. 1 is a block di'agram of the rahge-gaied-ﬁeld disturbance sensor -

of the present invention.
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poi nt that operation under Federal Conmunications Conmm ssion (FCC) 20

part 15 regulydgo@imai S POssi bl e, opening |arge spectral region l"Ir se and
e imnating t‘l?léé neea for tight frequency control. Another aspei’ &F’gb&“
duty cycle operation is |ow power consunption. If the burst width is 10
nanoseconds, the repetition interval is 10[err]s, .the transmt current is
reduced a thousand-fold, permtting nmulti-year continuous operation on

batteries. 25 . .Anot her novel feature i rovi ded by the frequency
modul ation of the tFi@nni% 8 imingdiagram, 'Psﬁﬂ?'%%ﬂérﬂwml %'09 %’Pg t he

transmt freq%gﬁ*egbpr{é&ﬁimmbﬁfrequency of, for instance, 10 KHz.
0

This causes a square wave appear In the internedi ate frequency at the
m xer output. -5 - Fig. 8s Htimitigediagram illustrating the mixing and range-gating

PCT/ US95/ 11046 An jnternedi ate frequency anplifier coupled to the receive
ni xer cannot [RREratioR gfithaprasent investions st repetition rate-or at DC, and

et Lo 1 oquenct o iorg g AR A e b ARTAES T bl ependr e o™
returns, therehe presentifivéfifion.! i ttle effect induced by the frequency

nodul ation on the reflected signal, and there is little internedi ate
frequency signal t dFige Saispa sthematie diagrast afitone embodiment ofithensensori num

ho r cel ved CAOEIMGIOTE PIOSTtIBATING: cs. of in (he total number of RF
cycles included w tpnghile Hilisthatic diagram of an alternative embodiment of the
10 sensor according to the present invention. :
‘Fig. 7 is a schematic diagram of a battery power supply for use with
the circuit of Fig. 6.
Fig. 8 is a table of component values of Fig. 6 at two transmitter

frequencies.
15 ' _
DETAILED DESCRIPTION
~ A detailed description of embodiments of the present invention is
provided below with respéct to the figures. .
Fig. 1 is a block diagram of a range-gated field disturbance sensor
_20 with range sensitivity compensation according to the present invention.

~ The basic system includes a gated RF oscillator 10 which drives a
transmitting antenna 11. The gated RF oscillator 10 generates a sequence

of bursts having a burst width determined by a burst:width modulator 12

which is connected across line 13 to the gated RF oscillator. The burst

25 " width modulator 12 defines a burst width in response to an input control 14
to select the range of the device. The burst repetition rate is determined

by a clock 15 which drives the burst width modulator. Clock 15 is phase
modulated by a random source 16, such as noise which may be amplified
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10 wi dth. Thus, targets at the maxi mum range provide a Doppl er

response Wevﬁsﬁm;ﬂl 180[err] phase reversal between the fi rm%flﬁ %nd

frequenci es of the nodul ation. Since the internediate freque

passes signals that vary at the nodul ation rate, and with an anplitude that
corresponds to the magni tude of the phase reversal, there is no sensitivity
15 at zero range, and maxi numsensitivity at the maxi num range
conpensating for the natural loss in sensitivity with increasing range.
Accordingly, rmlpce\aemodulaton@majr oumay bevimherent:in the burstrepetitiah whi ch

S range gate al | nsors asnlefed andwhch

l)verco?resgt he%ﬂﬁﬁgpglé r%lw,t@,se&{():ll 8"?'5\9&%‘ P"t’lﬂé I rt. |

Furthernore, the STﬁEeg‘at prgmng%,pa@gf gpp ates
n I'S p055|

wi th such | ow power th mul ti-year battery ope at| her

aspects and aintermediate fréqueney soarce7 connetdted to thengatedsRE osgiliatorr:i ew of
the figures, the d(@taa_i ed description, and the clainms which follow 25
BRI EF DESCRI PA¢ORS FIGURES Fig. 1 is a block diagram of the

range gated field $ha'dhintRd TP 10 Tonbds dif 8ERber 5 SRl Ml eaiiis VO
- detected by a receive antenna 21. The receive antenna 21 drives an RF
mixer 22, which is also coupled to the transmitted signal; as schemafical,ly
illustrated by line 34. The output of the RF mixer 22 is coupled to an
10 intermediate frequency amplifier 23 which is tuned to the frequency of the ‘
FM intermediate frequency source 17. The output of the intermediate
frequency ampilifier 23 is coupléd to a synchronous rectifier 24, which is
synchronized by the FM intermediate frequency source 17. The output of
the rectifier 24 is supplied through a lowpass filter 25. and baseband
16 amplifier 26 to a threshold detection circuit, generally 27. The threshold -
' detection circuit comprise's a first comparator 28 having a negative input
coupled to a positive threshold value 29, and a positive input coupled to the
output of the baseband amplifier 26. Also, the threshold detector includes
‘a second comparator 30 having a negative input coupled to the output of
20 the baseband ampilifier 26 and the positive input coupled to the negative
- threshold 31. When the arfiplitude of the output of the baseband amplifier
26 exceeds the thresholdsi"an alarm signal is supplied on line 32 to drive
an alarm circuit, such as a Beeper 33 or other responding apparatus. The
- beeper 33 may be replaced, for instance, by a switch which drives a wide
25 - variety of responding apparatus.
Aiso',' rather than driving a threshold detection/alarm circuit, as
illustrated in Fig. 1, the output of the baseband amplifier may be digitized
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Fig. 4 is a plot show ng the performance of the sensor according to the
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fi ures._FiF(';. 1.is a block di agram of a rangei)&%ted fi
@€ abouti2 gigaHerz: nThesRioscillator 17 pperates gt abaut HOKHZ and

eld
ing to

HickEih e By R aRERLT B ta ougilBior 12856kl BE istartel”

PGOGFZOand 2. FOCHRZAVTRE burstfepletitibA 'f rdetitedoy ahéur st

r 12 which is connected across line 13 to the gated RF
©osiillator 15 in this embodiment is about 2MHz. The noise source 16

preferably modulates the phase of the burst repetition frequency oscillator
15 over an equivalent range substantially greater than the burst width.

The burst width defines the range of the device, because RF mixing
at the mixer 22 only occurs during transmission of the burst. In the 2GHz
system mentioned above, the burst width may be on the order of 2 to 40
cycles or so of the gated RF oscillator 10, providing a low duty cycle for the
transmitter, and therefore a low power consumption. Ata2GHz trénsmitter
frequency, and a range of about 12 inches, the burst width should be about
4 cycles, or about 2 nanoseconds.

Fig. 2 illustrates certain characteristics of the bursts in the sequence
of bursts. As illustrated in Fig. 1, the RF oscillator is frequency modulated
with a square wave at approximately 10KHz. Thus, the burst will be
generated with a first low frequency f,, and a second high frequency f,..
Frequencies are 6nly slightly different from one another as illustrated in Fig.
2. Thus, in the near range, such as after four cycles, the difference in
phase at a given distance between the two frequencies (Ad,) is very slight._

- However, at the end of the burst, the difference in phase at the end of the

25

" burst between the two frequencies (A®;) is about 180°. Thus, the head 60'

of the burst at frequenéy f, is about in phase with the tail 61 for a given
burst width for a relative phase shift of about 0°. In contrast, the head 62
of the burst at frequency f, is about 180° out of phase with the tail 63 for a
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25 wi dth modul ator 12 defines a burst width in response to an input

control 14 woogrha¢t the range of the device. The burst repetgdd S
determ ned by a clock 15 which drives the burst w dth nodul at%ét’ﬂ%s{)lgiﬁﬁ

i s phase nodul ated by a random source 16, such as noise which may be
anplified -7 - WD 96/ 07931
‘PCT/ US95/ 11046 to produce a nodul ation signal, or may be inherent in the

burst repetiti s [ode | e (= d fion: be
used. The. gareiftie Hiibsthi of aBhut {0 et AR e WARIRT, ThE PRUGER 7. .
frequency sowy ¢gll H80s Opliase eévérsal AE thé litenmediite! fréqudticylth the echoacr 0ss
line 18. The transmitted burst 19 reflects off a target 20 and the echo is
det ect ed by #eceivedfromrabjects at the maximuoerangeabased anthedt807crelativerr i xer
22, which is also Oﬂﬁl d to the transnmitted signal, as schematically _
i || ustrated ﬁsﬁné- ' ."iaef.ﬁﬁc’%‘utlput of the RF mixer 22.is coupled to an 10

nter gedi at e eaupiS KeAEHY, cbBiding 1Yl Srated Wibdifenichds adteRit o the

FM i ntermedi ate frequency source . e output” the nternedi a
f.requency amphdsecshiftdifferenwepbfcldss than 960 rarmd) fors best resilts) lesé, thaini ch i s
synchroni zed hy the FMinternedi ate frequency source 17. The output of the

rectifier 24 aboud i hetwaeadhe wa RRpflequencies rattbe maximyaysaasars
anmplifier 26"&898 threshol d detection circuit, .generally 27. The threshold

The sensors, according to the present invention, are operational
10 - even with a relative phase shift difference of more than one cycle.
- However, when the réla_ti_ve phase shift difference is greater than 180°, the
sensitivity of the device will be reduced.. Alép,_if the relative phase shift
: diff_erence at a particular range falls to zero, then blind spots may be
created within the sensor field. Thus, in the preferred system, w_)hich has
15 an adjustable burst width, the frequency modulation is set so that at
maximum range the relative phase shift diff_er_er,ioe is about 180°, so that
as the range is tuned by _s_hor,te_tiing the burst width, t_he_ relative phase shift
difference is less than 180°. For very short range operation, the relative
phase shift difference wiil be slight. The particular relation selected for a
20 given design will depend on the characteristics of the field in which the
sensor is deployed, and the components used to.implement the sensor.
_ Thus, for instanée. there may be. N cycles at the tfansmitted
- frequency f,, for a given burst width.= For this embodiment, at the
_transmitted frequency f,,, there may _b_g_N_-!-112 cycles in the burst _width for
25 . the higher frequency. Of course, the a_béolut_e number of cycles in a burst
will vary depending on the circuits used to generate thg bursts. But the
phase relationship can be enforced by controlling the transmitter
frequency.
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T
detection circuit conprises a first conparator 28 having a negative input

coupl ed to awia9adidfox threshold value 29, and a positive input
the out put of tﬁe baseband anplifier 26. Also, the threshold dg@@l‘éﬁ(&%ﬁﬁoﬁ@

i ncl udes a second conparator 30 having a negative input coupled to the
out put of 20 t he baseband anmplifier 26 and the positive input coupled
to the negative threshold 31. Wen the anplitude of the output of the

baseband anplifier 2 t . I a | ar i [ ppl-i ed on
line 32 to drive an'-%§1 gﬁﬁ@wrﬁg{q@fﬂﬁggén ng%e?e%fem%ejhﬁg’sﬁonm ng
apparatus. Thq=i§.es,ﬁﬁé trade BO/illitrated tr-Rahsrhitted BUrS 2 THR trade 51 fikstrates\whi ch
drives a wide 2 variety of responding apparatus. Also, rather than
driving a thr eaneteivel eeflactioon/ TiacerbZ illustrates the periad dudng svhich migingl, t he

tput of the b b [i.fi di.giti d, -8- WD 96/ 07931
DC Vsl 110460 o Beb &y BXInG QbLEs FoMLtG ReGRAINg afdhe SopeRlc of e

di sturhance s ' : s ' &fa It el
si ze, ? c. | nh%ﬁgd(fream@%r ys'%“gfr’ln3 ﬁb ﬁ@'&:ﬁ%@aﬁ@ osc‘?{ﬁgﬁégrg%‘gén‘er té‘it a
burst of about§4 gigaHertz. The FMoscillator 17 operates at about 10KHz,

and 5 modul ates the output frequency of the oscillator 10 between, for
i nstance, 2.00GHz aMNgolillustrated attraper52 are thei maghitudes, ofibe reseivedd by

the oscillat lec %eisna{ rt]liu-? |§vr\r,b Rg&tﬂrgr{]cty {‘,_Sar;i1 OaL{tth%Nﬁlzghe-r”ﬁ'eeqrﬁ%in y ff..o Ui 16

difference in amplitude AA is a function of the distance at which the

10 disturbance occurs as reﬂe;:ted in the difference in phase between the

- transmitted burst and the received reflections, as well as the magnitude of

disturbance. In the actual system, the intermediate frequency signal is

based on integrating a large number of the mixed signal pulses, oscillating

between the f,; and f, values at the intermediate frequency. Thus, at very

15 close ranges, the differences in magnitude due to the frequency

modulation for a given magnitude of disturbance will be lower than the
difference in magnitude of the mixed signal at longer range.

Fig. 4 illustrates the performance of the sensor over its set range,

showing that the sensitivity does not increase substantially at close range.

20 Thus, in Fig. 4, the intermediate frequency response sampled at the output

of the baséband amplifier 26, for instance, is illustrated. With the range set

at about 12-inches, this signal was generated by moving a hand in to touch

the transmiitter and then back out. As can be seen at the close range at

point 70, the amplitude of the signal is not substantially greater than at

25 - about 6 inches at point 71. Fig. 4 also illustrates that outside the range,

there is little intermediate frequency signal generated.
Fig. 5 is an electrical schematic diagram of a sensor according to
the present invention which was used in generation of the plot of Fig. 4.

-11 -



preferably nodul ates the phase of the burst repetition frequency oscillator
15 over anvppglodrRsent range substantially greater than the b :

- The burst w
m xer 22 onl

"nmenti oned above,

transmtter,

char acteri st
Fig. 1, the
appr oxi mat el

dth defines the range of the device, because RF mXing a
y occurs during transm ssion of the burst. In the 2G4 system
the burst width may be on the order of 2 to 40 cycles or
so of the gated RF oscillator 10, providing a |ow duty cycle for the

Y Y ] ' i S
15 oo AramReC e diver P2 S HRIEREY Handiitof 198 WnlchlD

be about 4 djiated, toooscillbtet aﬂthﬁhﬁhﬁﬂﬂtéisfreﬁhéncﬁ | Theldolletws ofethieai n
ics of the bursts in the seﬁgﬁnce.of bursts. ‘As illustrated in

uiadeacrass @ndnductance #9¢ée at

a range ofr. urst w dt

transister 1108:is coupled t9antapna

| ow f requenc(%i’%gféﬁﬁp,e;egﬁ?‘ ﬁ%ég\gﬁéﬁﬁ?%&théﬁléﬁwd? [18$re ﬁ%{%‘ggﬂ |he§ LIr st

103isf dctiphetl aérods a6 104 ta§rdundy ahd Wiighttesistor 195 Thus, in

only sslightl

the near range, such as after four cycles, "the differenCe in phase at a
gi ven di st artoeahcffMeoscillater tcomposeguoh invester AJ@6 dnd inverter 103l i Jiine However ,

r A5 drivs iBicoupil & G FA st sndop cpnpected B
'BRABHEC potes FaPaLE 108 to 316 kgl offRlte! Yo7 AR5, Hsl bl

contrast, thefihvedeff0Pis éduiplod agtoss! rebistort0B fo ft$ fput. i s about 180 out of

at the end of the
burst bet wedRVEHe

head 60 of t
for a given

phase with t
10 :

he tail 63 for a -9- -
Node 103 is also connected across resistor 110 to capacitor 111

which is coupled on its opposite terminal to ground. The cathode of diode
112 is coupled to the capacitor 111, and its anode is coupled to the

- cathode of diode 113. . The anode of diode 113 is coupled to a 5 volt

15

20

25

supply. Also, the anode of diode 112 and the cathode of diode 113 are
coupled across capacitor 114 to the outptjt_ of inverter 115. The _input of
inverter 115 is coupled to the burst repetition frequency oscillator set at
about 2MHz, composed of inverter 116 and inverter 117. The output of
inverter 116 is coupléd to the input of invertet- 115, and across capacitor
118 to the input of invérter 117. .. Also, the output of inverter 117 is
connected across resistor 119 to its input. _

A variable resistance composed of potentiometer 120 in series with
resistor 121, and parallel resistor 122 are coupled from the-output of
inverter 117 to the input of inverter 123. Also, the input of inverier 123 is
connected across capacitor 124 to ground. The output of inverter 123 is

. connected across resistor 199 to the emitter of the bscillating transistor

- 100. Also, capacitor 125 is connected from the emitter of transistor 100 to

ground.

-12-
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relative pha 9%*83 of about 180[err] at the same burst width i
provi des a fﬁﬁ _IL :{lerr] phase reversal at the internediate frlécq'g,g%%sfln?“r?

the echo received fromobjects at the maxi numrange based on the 180[err]
rel ative phase shift difference. 5 The sensor, according to a
preferred enbodi nent, has a relative phase shift difference of | ess than

2t requenci es ot ¢S RESPATansiERF 10078 RGN MducicI A8 B hES | 1o
present inventdagm‘efaveﬂef 746 2P file Blrst repetfiohratd frBqdend/.at i ve phase shift

difference of nore than one cycle. However, en the 'rel ative phase shift
di fference is greatleropérationsthe frequentye of assillation tof thé transisteri108 isi | | be

reduced. Also, if the relative phase _shift difference at a rticular range
ol TSot 2o o varieshby the tias, Bt 858 103 THis Kias IS masuiater Stales by el o,
Thus, igh the bl i wi dt h,
t he fres(;uencypén%gu é‘f&gﬁn‘é{wﬂ%ﬁiﬁgp§a@ﬁrﬂéj&mgﬁfﬁgb?’g%%%%e phase
shift differengRen thebasd tolémiiter vbuaq@istdbﬁrea@ thigshbRI) JFhis dcturssh the

shortening the burst width, the relative phase shift difference is |ess
t han 180[ er r] .rising edge of $ive outpud 0f invester 4116dar shork buestdength determined; f t

gi ven des gn Y e AR Taduicest B fre: Kl nebioX cameesed ot fepithrited ¢ ne
TPt nce Y8 128 4P ABSERRCTA, o Biybl ERHRRbrh 128 s, T
- 10 when the output of inverter 123 rises, the difference in voltage between the :

base and emitter of transistor 100 falls below the threshold, tuming off the

oscillator. Thus, on the risihg edge of the output of inverter 116, a short

burst is emitted by antenna 101 having a burst length which can be

adjusted by adjusting potentiometer 120. Thus, this circuit sets the burst

15 length for the transmitter circuit. Unwanted variations in burst width are

~ minimized when inverters 116 and 123 are matched through common

monolithic integration. With a 2MHz burst repetition rate and a 7KHz

frequency modulation rate, there are about 6500 bu}sts per IF cycle.

The receiver includes receiving antenna 150 which is coupled to

20 node 151. From node 151, an inductor 152 is coupled to ground. Also, the

cathode of Schottky diode 153 is coupled to node 151. The anode of diode

153 is connected across-capacitor 154 to ground and across resistor 155

to a positive 5 volt supply; and is coupled through capacitance 156 to an

intermediate frequency transistor 157 connected as an amplifier. Thus, the

25 - base of transistor 157 is connected across resistor 158 to its collector.

Also, the collector is coupled across resistor 159 to a 5 voit supply. The

emitter of transistor 157 is connected to ground. The collector of transistor

157 is connected through wpacitof 160 to an intermediate frequency

-13-



frequency f[err], for a given burst width. For this enbodinent, at the

transm’tteq,v{,a gpcy flerr], there may be N+1/2 cycles in tw ,Em\%dth-
“the ror ¢

for 25 I gher frequency. O course, the absolute nu ycl es
in a burst will vary depending on the circuits used to generate the bursts.
But .t he phase rel ationship can be enforced by controlling the transmtter
frequency. -10- WO 96/ 07931

PCT/ US95/ 11 el ' t rate € 4Bl X| | f L ved

cycl e. - Thus ARiTER copopd oF YR 181, WP, Falltph o e MRASEDIPS e
trace 51 il IfgadibadiesThe oefsut\of invertarct6 I8 cotinectedbd alsarle andshdiie peri od
during which _m xing occurs. That is, mxing occurs fromthe begi nning of
the recepti qircyit corspased of framsistor <163 ihgning its basercopuectedi ACKOS8 end of

the transm tted, Si | ,at i nt .54. Al Ll Lustr.at +ace re the
nmagni t udes JFS'FFPJ 1%3?&"6%9%8&5“’5“9[ ﬂ@7 !"Btvef-élgqufgﬂlfggrf 'ﬁﬁ?‘%ﬁ@a}at t he
hi ghgy fr eqipandic@r 63 iENeshritictd® t6 2Cfirst feriiRal &1 'E4pdditor 1185, STRef unction
of the distance at which the 10 I sturbance occurs as reflected in the

di f f er ence isecondsterininalceh capacitorah8diis tconnested targfound. r Alse, \tbe
s well as the i tude of  dist

he 1 nt er nodNBEIOF PLEARHEIT JBG R CONGSR] SFoUah GRPAGHSK 108,280 reRBo mumber of
the mxed sigal, AkShHput BiCinveAb 188 which is connected as a baseband

amplifier. The resistor 169 and capacitor 170 are. connected in parallel and

10 in feedback across inverter 168. The output of inverter 168 is connected ‘
across resistor 171 to the input of inverter 172 which is connected as an
amplifier with resistor 173 and capacitor 174 in parallel and in feedback.
The output of inverter 172 is connected through capacitor 175 and resistor
176 to the input of inverter 177. Resistor. :178,is connected in feedback

15 across inverter 177. The output of inverter 177 drives a threshold detection
circuit. The input of the threshold detection circuit is node 198. A first
|_'esis_tor 179 is coupled between node 198 and the input of inverter 180.
Also, resistor 181 is connected beMe_eh the input of.'i_nverter 180andab
volt supply. A second:-reé_istcr 182 is connected between node 178 and

20 inverter 183. Also, resistor 184 is connected between the input of inverter
183 and ground. The output of inverter 180 .is__oorinected_through diode
185 to node 186. The output of inverter 183 is connected through inverter
187 and diode 188 to node 186. Node 186 is connected across RC
network composed of resistor 189 and capacitor 190 to the gate of

25 .transistor 191.- Also, resistor 192 is connected between the gate of
transistor 191 and ground. The source of transistor 191 is connected to
ground, the drain of transistor 191 is connected through resistor 193 to a

-14 -



between the f[err] and f[err] values at the intermediate frequency. Thus,
at very 15 Iﬁj{gg e ranges, the differences in magnitude dugdydesRioss
frequency mou g% for a given nmagnitude of disturbance will be | ower
than the difference in magnitude of the m xed signal at |onger range. Fig.
4 illustrates the performance of the sensor over its set range, show ng
that the sensitivity does not increase substantially at close range. 20

Thus, in Fig. 4, the jnterpmed ate frequen onse sanp| ed, at out put
of the basebanﬁé%f?ﬁm%‘@ﬁ'cggs, B'PﬁPdl q"EﬁLs@/r {g?gm‘i]ﬁgl’?%ﬁr%dngﬂég range
set at about lgggnches, this signal was generated by noving a hand in to
touch the transmttter and then back out. As can be seen at the cl ose range
at point 70, the anPhus,linepefatiohethe toarsmitted signat isccaupled td the receiwingr t han

at 25 ~ about 6 inches at paint 71. Fig. 4 alsg illystrate hat .outsi de
the range, theRBiengaby:proximityicfithe trapsMIterANLIRCRINETg etf@ﬁ signalri g 5

| Dvent  Bn whi i SEEVEIBY fie e SpiBnd S Rieg i iide 63, BacheyBlsEI"
96/ 07931 the mixed signal is sampled by diode 153, and chdr§és tapadiforO15a tehe

transmtter is driven by a radio frequency transistor 100 which is biased
to oscillate athe magnituderdfithe sampledsignal. fThe magnitudeof dhe vellage &si st or

0 SO e S RN Sty e T enle WRUSH BN B8 BB BBbYe.
s coupled acr ¢hfy inteARBGIate fredlibric) Sighdlds GOUPIEE" rGGH ThE SARPIIAE
10 composed of transistor 157 and inverter 161 to the sample and hold circuit
driven by transistor 163. The transistor 163 is synchronized with the
modaulation frequency of the transmitter to sampie and hold the average
magnitu'de-of the mixed signal. The average magnitude is amplified and
supplied to a peak detection circuit. By setting the trip value on the peak
15 detection circuit, the sensitivity of the sensor can be selected.
in the preferred system, the transmitting and receiving antennae 101
and 150 are formed with 1-1/2 inch lengths of wire arrahged in a dipole for
a 2GHz transmitter frequency, and positioned so that the transmitted signal
i's coupled to the receiving antenna with a rhagnitude sufficient for the
20 mixing operation. .
' The burst repetition frequency generator is modulated by noise
inherent in the inverters selected for the embodiment illustrated in Fig. 5,
so no additional modulation circuitry is necessary.
With the component values illustrated in the figure, this circuit is
25 - range tunable from about zero to about 12 feet. The modulation of the RF
oscillator is set for approximately 180° phase reversal at the maximum

range.
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to an FM osc

i1 lator conposed of inverter 106 and inverter 107. The inverter

106 dri ves&& &gut of the FMoscillator, and i s connect ed |n fee’dﬁl?gk

across capac
i nverter 107

8 to the input of inverter 107. Al so, the®
is coupled across resistor 109 to its input. 10

Node 103 is al so connected across resistor 110 to capacitor 111 which is
ts opposite termnal to ground. The cat hode of diode 112 is
coupled to the capacitor 111, and its anode is coupled to the cat hode of

coupl ed on i

di ode 113. The andd@. 6 illustsatesiary altemativel exnbodimesit of

anode of dio
capacitor 11
coupled to t
conposed of

coupled to t lsennepted tofground threugh ifductori284, The emittetidferansistor 200 he i nput

of iInyerter
acros¥ resis
pot enti onete
are coupl ed

ground. The

obthe sapgésgatéd so, t he

ol F43sbh BCH IR e sresars inyonior i tis embpgibert, 115 i o
:ﬂqne\/gﬁéeémlkfaﬁhd ?ﬁv rter 1?'%29@ %aé putéﬁ}a'lﬂrﬁ@??gp I%16 S

117. t he output, of inverter. 117 is 20 connect ed
hedtRy

RN cli] aqress FapAcitor 209 to-gnoundand agrass resisters202 &o

[l el t 122
Pode 208, Yo 204 o R o, relitoP 203, tocgrolfidfnd; 155
Al 'so, the i npotoss capacitdre205.18 a4 2MI2 rmétefépumﬁsmémé‘dlmér 12¢hid 0

out put of inverter 123 is

connected across resistor

1199 to the eRpséiflatorinclides lwenenmﬁa@ntmeoarcmaeu Boseriespafhe or 125

4

i's connected

10

15

o[:fp‘ﬂ‘fpoge veriEr 2b7'is nrdciont to S&f’prac or- 269 dnd lénc:rdoss_c:lalpacltor

- 208 to the input of inverter 207." Also the output of inverter 207 is

connected across resistor 209 toits mput _

The collector of transistor 200i is modulated through inductor 255 by
the signal at node 210 which'is connected across capacitor 211 to ground
and across resistor 212 to a 5 volt supply. Also, node 210 is connected
across resistor 213 to the output of the modulaﬁhg'oécillaft:r which is
composed of inverters 214 and 215 in serles The' output of mverter 214
is connected across capacitor 216 to the lnput of mverter 215. Also the

- output of inverter 215 is connected across resistor 21 7 to its input.

20

The receiver shares the antenna 218 which is driven by the

oscillator 200. Thus, the receiver compnses Schottky dlode 219.having its |

anode connected to.aritenna 218; The eathode of diode 219 is connected
to node 220. Capacitor 221 is corinected from node 220 to ground.
Resistor 222 is connected from node 220 to ground. Also, node 220 is

- connected through capacitor- 223 ‘and resistor 224 to’ an amplifier |

25

-composed of inverter 225 with resistor 226 connected in feedback. The

output of inverter 225 is connected across ‘fesistor 227 to the input of
inverter 228. The output of inverter 228 is driven thfou‘gh diode 229 to
node 230. Resistor 231 is connected from node 230 to the input of inverter

-16-



WD 96/ 07931 _ PCT/ US95/ 11046 The
base of tranwisdew79d100 i s driven through inductor 126 by the op&pakosiioas
isnverter 116 at the burst repetition rate frequency. |In operation, the
frequency of oscillation of the transistor 100 is varied by the bias at
node 103. This bias is nodulated at 7KHz by the 5 oscill ator conposed
of inverters 107 and 106. The transistor 100 oscill ates when the base to

em tter volt a228.i Alsabeasaditos 280 iseditetted frbf Msde 230 Wurblind" Nede@3gdge of

the output of inverter 116 for short burst length detern ned by the del ay
i nduced by t his ceongeiesdhroughgapaciton233 and sesistor 234 to thevinplit abinverter

Daci 124, i h | 123, .Thus, 10
ot put of 1 nvabenhexeitaosat ede 23l bR ek derScisRivlie sttnelsitnel hase
and em Ul er ChudiRAYyPiFampifior 228 SRESISRY J3Eis! AUrfRERIdIn fbiBacidngi ! e
oscillator. Thus, on‘the rising edge of the output of Inverter 116, a short

burst 9s eni tthedobipubof invertet 285Havitsimpait.b isg, the mutputvifiinverten3&isadj ust ed
by adj usti ng Egtentiomater 120. Thus, this circuit sets the burst 15

length for theoRnegtediacress resiston 237 te thaninput o invertendds; Theeutputiin are

T 2o e BRUESAE b3 isfeh Sabahd pandlch 2 Uit SHEIR iR ©
nodul ation r afgedbhbkr Tha cutRATineerter 288_@®Wd%ﬁ2t§dﬁét¢caﬁﬁﬂtdrwi ver

includes receiving antenna 150 which is coupled t node 151. From
node 151, an andiresistor 242 to thecinput ofinverter 243.dInverten243 has sesistor 244

Sehotgy di 0%gnd Bapacitsr 286 Sonnected ih feadback. - The dutput of Inverter 243 is
connected through capacitor 246 and resistor 247 to node 248. Node 248
is also connected across resistor 249 to ground. Also, the output of
inverter 243 is connected through resistor 250 to the input of inverter 251.
The input of inverter 251 is connected across resistor 252 to the positive

15 supply. The output 'of inverter 251 is a signal on line 253 indicating
detection of a disturbance in the field. Also, node 248 may be used to
drive such alarm circuitry as desired.

This circuit of Fig. 6 is driven by a power supply such as shown in
Fig. 7. Thus, a 9 voit batteiy 275is é;onnected through a power switch 276

20 to a converter circuit which includes capacitor 277 coupled from the switch
276 to ground, and a voltage converter circuit 278 having an output 279 of
about 5 volts. Also, the output 279 is connected across capacitor 280 to
ground. The 5 volt supply is used to drive the circuitry illustrated in Fig. 6.

_ The frequency of the transmitter can be adjusted as suits the needs

25 of a particular design. For a 2GHz center frequency, the vaiues of labelled
components are illustrated in Fig. 8. Also, for a 6.5GHz center frequency, |
values illustrated in Fig. 8 can be used.
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153 is connected across capacitor 154 to ground and across resistor 155 to

a positive gupply, and is coupled through capacitance
i nt er medi atvgo?requency transistor 157 connected as an anplif é’&%#%ﬁ@?‘t he

25 base of transistor 157 is connected across resistor 158 to its
collector. Also, the collector is coupled across resistor 159 to a.5 volt
supply. The emtter of transistor 157 is connected to ground. The collector

of transistor 15711'5%% immiﬁﬁ&cgﬂ;‘d é%t&:rﬁﬂbééﬁgfﬁdi ate

frequency -13--

PCT/ US95/ 11QAE-sHEN chbmpbneRtSe featilyobvailatsie ) pefsbnd b skilb irf tRé &rf2
connected in feedback. The output "of inverter 161 is connected to a sanple

and hol d ci rexamplesmfothedvaluesreﬁwhmmare_showm/imme figurass e lcwilhbet ed

e 0% o e e A e 5 el el oo o T

- capagjtor 1§ ;{@d%ﬁ?&&q(( 0 ground.
Al so, the coﬁg or of tr nspg} q@@’&#?ﬂ@‘f?ﬁ%{%ﬂé@?*ﬁ@%ﬂ%ﬁ%ﬁ%#m 166

and resi st orthéGieds df@panhpulard%sngmee.rter 168 which is connected as a

baseband anpl |f|er The resistor 169 and capacitor 170 are connect ed in

~paral | el and 10 The embodisaemnis desgtibed berein bave RF transmitters which argy
whi oh s conTeavERVIBeHTRIET BF i ptevenidte Sekuishol PuigtRebud avatBB 17, 11
paral | el anch\h? ha08 éAilkude modulated RF transmitters, or transmitters modulated
10 by other r'rietho'ds, using techniques known in the art of oscillator ‘
modulation. For instance, the RF oscillator may be operated in a double
burst mode, where a first burst is transmitted followed by a second burst
with a fixed interval in between. The first burst will mix with the second only
at a specific range determined by the-'inter-burSt'-_iméNal. This will save
15 “average power output for Iongér ranges, while 5p'revénting- disturbances at
" closer ranges from being: measured. Also; other envelope shaping
techniques could be employed for various effects.

20 Accordingly, the_ present invention provides a field disturbanée
| sensor which is precisely range-gated, immune from interference from
neighboring sensors of the same type, or from other sources of noise, and
has cqmpenS'a'ﬁon against hypersensitivity at close range. Further, the
circuit is very low power, enabling battery operation with long life. Thus, a
25 .wide variety of new applications i"s p_rovided for microwave based proximity
sensors, including, by way of example, proximity sensing car alarms, home
security systems, keyless entry systems, backup warning radar, and the
like.
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The output of inverter 172 is connected through capacitor 175 and resistor
176 to the igﬂygfgé nverter 177. Resistor 178 is connected |nﬁ%ﬁ§g 5
across i nverter iThe out put of inverter 177 drives a thres Qﬁﬁh«&
detection circuit. The input of the threshold detection circuit is node
198. A first resistor 179 is coupled between node 198 and the input of

i nverter 180. Also, resistor 181 is connected between the input of inverter

178 and 20 i vl SysBrRianGe oRctlediyt e kR BRI R L

i nput  of lnverlh@fucéS?aié’é‘Chlﬂﬁﬁs"Wlth E‘ﬂﬂéépﬂaju&méﬁt/%ﬁqei fopGhescapemect ed
t hrough di ode 185 to node . The output of inverter 183 is connected

t hr ough i nver t@mbodiments dl dehmtq erfedta The. bulsﬂeeneimonsfreqmmyt isd

across RC networ.k ¢ ed of resistor 189 and ca aC| 190.t0, th ate of
25 transi B0igp 6pded o pIgw codgraen of uItElS 58 eoraoﬁa@a WGt e o
transisgor 19 éﬁgﬁ |§qﬂ%

ground%the d?%l n ﬁ"gﬂ’s'?g?%dr %Slﬁﬁé}éohﬁ?ﬁe Féﬁ resi gtor 3 to a
-14- WO 96/ thé9ISM bands which are crowded with other high powered microwave -
PCT/ US95/ 11046 beeper 194 which is biased with resistor 195 and bypassed

wi th capacit orUSers, Sushas micrapaveovens. This resuhtﬁ;mai@mom@mnc pl ed

to the recel Vi Alifidl83ed¥ vBH8H Me'possibid, hd VéH) 18 rhEhuRlfldng &sts" - e

refl ected sign
The low manufacturing cost is in part due to the low transmitted power

10 whlch avoids complex circuitry to comply with communications regulations.
Furthermore the system is range sensitivity compensated, eliminating the
1/R? characteristic of prior art systems. Thus, the system is not
hypersensitive at close range and maintains fairly constant sensitivity from
0 to the maximum range.

16 The foregoing description of preferred embodiments of the invention
has been presented for purposes of illustration. and description. Itis not
intended to be exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations will be apparent
to practitioners skilled in this art. It is intended that the scope of the

20 invention be defined by the following claims and their equivalents. .,

What is claimed is:
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5

154 to the magnitu

I's received by the receive antenna and m xed at di ode 153. Each

cycle of thgoW signal is sanpled by diode 153, and charg Lt,0r
SR THIo0RR, o,

e of the sanpled signal. The magnitude of

capacitor 154 will vary at the internmedi ate frequency as described
This internedi ate frequency signal is coupled through the anplifie

conposed of transistor 157 and inverter 161 to the sanple and hold circuit

driven by transistor 163. The transigi;nqgiGS i s synchroni zed with

nodul ati on frequency of the transmt

- sanpl e and hol d the ave

above.
r 10

t he
rage

magni t ude of the m xed signal. The average magnitude is anplified and

supplied to a peak detection circuit.

15
In the

et ect i oril.ci r Avisensonheomprisingt vi ty of the sensor can be sel ect ed.

150 ar e%

is coupled to the recel vi

osci | | atpr itparssth
}§5__

Fig. 5,
conponeré
t unabl e
range.
9
10
11
3
1
1
2
3
4

or med wi th 18, TR SUPRSRrTET @ SPRUAE o frar

2GHz trqpsni

01 and
e for a

cffrei’é&!ﬁﬁﬁﬂh%nétfbderirﬁgy&\? Pﬁé‘%he%)a 'sBakof fidid! %h%@éﬁdérféé si gnal
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sycles &t & transmilter, FegueneYy, wth t

rom about zer

with reflections of .the transmitted burst: to produce an intermediate

frequency signal, so that the burst width defines a sensor range; and -
circuitry, coupled to the receiver and responsive to the

intermediate frequency éignal. to indicate disturbances in the sensor field.

2. The sensor of claim 1, including a circuit coupled to the
transmitter which modulates the sequence of transmitted bursts at the
intermediate frequency.

3. The sensor-of_claim 2, wherein the sequence of bursts is
modulated at less than or equal to the burst repetition rate.

<4,  The sensor of claim 2, wherein the sequence of bursts is
modutated by changing the transmitter frequency between a first frequency
and a second frequency at the intermediate frequency, and the

.intermediate frequency is less than or equal to the burst repetition rate.
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WD 96/ 07931 PCT/ US95/ 11046 Fig. 6
Il lustrates awodglpsiati ve enbodi nent of the range-gated proxjr?éfﬁm?ﬁﬂ?ﬁ%
according to the present invention. In this enbodinent, the RF oscillator
is driven by transistor 200. The base of transistor 200 is connected to
ground through inductor 254. The emtter of transistor 200 5 S
connected across capacitor 201 to ground and across resistor 202 to node

capac or 305 1o a Jwe hecersanef BBl bufelein Rttt hda BegiRig
i ncl udes i@ver aad &vdingénd ivave ere?éiﬁlecgﬁﬂgétﬁﬁt ibetweén &yclekhreauthait  of

inverter 207 is connected to capacitor 205, and across capacitor 10
208 to t he3i npheginingand cyclesorar the ending-and theirelstive phase shiftforthe

f?”ﬂﬁﬁbfgt a1 Rk e e Bt rBquniioy LS fmit narreleiie Phege shidirine *
Vol 1 Suppl 5. A st ARt Yo Secord BT GLies Wit J00TH e Tongdrrae” o (he

out put of the nodul ating oscillator which is conposed of inverters 214 and
215 in series. The qutput_of inverter 214 is connected across capacitor 216
to the inpdt of invBrter Thesenspref claimSowherein the relativedhase shift for thenect ed

e G ven By ¢ Rufskiddh 'tie R WenyBhe, eSS b hATeRRvk MheRE SRR fE ' "
Schottky dgodebydst width &thelsecond frequency by about 180° at a particular sensor |
4  range. ' |

7. The sensor of claim 1, including a circuit coupled to the
2 transmitter by which to adjust the burst width.

1 8. The sensor of claim 1, inciuding burst rate modulation
circuitry coupled to the transmitter which modulates the burst repetition
rate.

9. The sensor of claim 8, wherein the burst repetition rate is less
than the transmitter frequency and the burst rate modulation circuitry
modulates the burst repetition rate so that bursts in the sequence of bursts

HOWO N -

have a phase which varies.
10. The sensor of claim 9, wherein the transmitter freqixency is

2 ° on the order of gigaHertz and the burst repetition rate is on the order of
3 megaHertz.
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anode connected to antenna 218. The cat hode of -di ode 219 is connected to
node 220. (“@83%)8#% 221 is connected from node 220 to ground._ Resistor 222
i s connecte fode 220 to ground. Al so, node 220 is connM*ﬂFmgh
capacitor 223 and resistor 224 to an anplifier 25 conposed of inverter
225 with resistor 226 connected in feedback. The output of inverter 225 is
connected across resistor 227 to the input of inverter 228. The output of

' ter,228 is dgjven through digde 229.t 230. Resi 231 |
connect 6l 1 om nolik o3BNBESNRRr P A 3 wHefeiRibe tanspHisoans deqsiver

PCT/ US954 110 i : acitor 232 is connected fromnode 230 to
2P single> AntehiB’ connecied 1 \
gr ound. %Iodeé@%% IS onﬁgtctg t hrough capacitor 233 and resistor 234 to the

i nput of inverter 235. The voltage at node 230: is the peak detected val ue
of the IF signal supplied by IF anplifier 225, Resistor 236 is connected in
feedbacklfrom 5 12. { KBesanser afrclaim, d, whereinsthestrangmitiasincludes @ t he

out put i LS . C + ACT: | f ot ' t of -
o nverte?é 23?@%@&0%?%[5@@Weﬁ%%“@éﬁaﬁgég?e%%‘é%%&éﬁﬁ’aﬂ%%éja@cj. tor 240

coupl ed 3n pRaAki ard debsivé erbnss afé mouitedt sath tiatcthectranSitied |
connect ed thro;%sr; capacitor 241 and resistor 242 to the input of inverter
243. | nvért ebu aresproximity coupled 10 the receive antenna dor mgingomwithct ed in
feedback5 Theqﬂ(éléh,ut of inverter 243 is connected through capacitor 246 and
resi stor2247f 248. Node 248 is al so connected across resistor 249 to
ground. Al so, the output of

13.  Asensorcomprising: | ‘
a modulated transmitter which transmits a sequence of
transmitted bursts of electromagnetic energy, the sequence of transmitted
bursts havirig a burst repetition rate, and each burst having a burst width
and comprising a number of cycles at a transmitter frequency, the
- sequence of bursts being modulated at an intermediate frequency;
' a' receiver which receives electromagnetic energy. at the
transmitter freqdency, including a mixer which mixes a transmitted burst

© 0O ~N O 0 b WO N -

with reflections of the same transmitted burst to produce an intermediate

-
o

fréquency signal, so that the burst width deﬁnes_ a sensor range of about

S
-t

one-half the burst width; and
circuitry, coupled to the receiver and responsive to the

-t ek
W N

intermediate frequency signal, to indicate motion within the sensor range.

1 o 14. The sensor of claim 13, wherein the sequence of bursts is
2  -frequency modulated at less than or equal to the burst repetition rate.

-22=-
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Ll

I nverter 243 is connected through resistor 250 to the input of inverter

251. The in l.averter 251 is connected across resistor 2

positive 15p&b99i°?33pl y. The .output of inverter 251 is a si gnwsﬁtsﬁﬁg‘%?)
i ndicating detection of a disturbance in the field. Also, node 248 nmay be
used to drive such alarmcircuitry as desired. This circuit of Fig. 6 is
driven by a power supply such as shown in Fig. 7. Thus a 9 volt battery

275 is cornect ed t{g ougPp g#ﬁ\gﬁ{: of;&ghﬁ Z{}h&&n the &Wr&&r igCi rcuit

whi ch incl udes capacitor cou SW tc round and a

vol t age @nvembdulated bylcha?’ﬁg ﬂwtmﬁsmneﬂﬂéméncg/&twéeamt fﬁequé ricy. ‘Al so,

the output 279 is connect across capacitor 280 to ground. The 5 volt
suppl y i s3 usend 8 sgepnd fresiepcy @b the intemediatedrequencyri g. 6. The frequency
of the transmitter can be adjusted as suits the needs 25 of a
particul ar design. For a 2GH center frequency, the values of |abelled

conponents are illygt raTﬁéséﬂsﬁ*dfcla‘}m f§ Slﬂ'\eréﬁ’lrthé BurSts'taveqibéginhingauency,
values illustrated in Fig. 8 can be used. - WO 96/ 07931

PCT/ US95/2 104énd lending,cand havei grrelatwemhasa suufh belww cgclaschaéarathe

conposed of off- thes | f conmponents readily ava abl ersons of sk|II
‘n the ard, ceaipNG and cyeles REREdR,EndiAD anciie 1 s A es.

will be r@cogsuré%mn%& i HRPFELEGHY GHIRNGR th Pé‘iéﬁ\?é’phébé‘&ﬁ’ih'f&?ﬁi

specific
5 burst width at the second frequency by less than 360° at the sensor range.

17. The sensor of claim 16, wherein the relative phase shift for
the burst width at the first frequency differs from the relative phase shift for
'~ the burst width at the second frequency by about 180° at a particular

-hw'N-s

sensor range. .
1 18. The sensor of claim 13, including' burst rate modulation

circuitry coupled to the transmitter which modulates the burst repetition
3 rate. '

19. The sensor of .claim 18, wherein the burst repetition rate is
_less than the transmitter frequency and the burst rate modulation circuitry
modulates the burst repetition rate so that bursts in the sequence of bursts

H O

have a phase which varies.
20. The sensor of claim 19, wherein the transmitter frequency is

2 on the order of gigaHertz and the burst repetition rate is on the order of
3  megaHertz.
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5 integrated circuits (ASICs), or in other conbinations of conponents
as suits ttw Eg’ﬁ% of a particular designer. The enbodi nents described
herein have & hsnitters which are frequency nodul ated at PG{/USIS/11046

i nternmedi ate frequency. Alternative systens nay have anplitude nodul ated RF
transmtters, or transmtters nodul ated 10 by ot her net hods, using

- techni ques known in the art of oscillator nodul ation. For instance, the RF

oscillatgr may be,gperated in a ubl e_burst . .npde, where a first burst is
Cransmitied fol | oAb byNS SenEeref GRIML 13, wherein e ZRRskter and reoRikek neen
The firsd bugdre'd Sinald8 Intdh the second only at a specific range

det er m ned by trﬁe %ﬁ?(’gé fljﬂpgtg interval. This will save 15 aver age
power output for |onger ranges, while preventing disturbances at closer

ranges from bei ng_ peasured. Al so, other envel gpe shapi ngﬁtqchni gues coul d
be enpl ofed for v&#i oushersenses of claimy 13 wherein the transmitter ipeludes &gl y, t he

present 4nv Welal | Le | Stur which i.s precisely -
range- ga ed%%ﬁﬂrﬂﬁéyr%%‘gﬁWe%e#eg:ﬁ@)gﬂ'ﬁéﬁgﬁ%%ﬁ%ﬁ%a}q@éﬁgoPz"do#'%t he sane
type, or3frofansmR arfd véceide HUnteMmas aré MolhitedCaTaE fvet! theNtrasehited
hypersensitivity at close range. Further, the circuit is very |ow power,
enabl i ng4 batbunsts @rerproximity.icauplechdo| theereclive andemta for mixihg withi ety of
new appl icatiagns.is provided for m crowave based proximty sensors,

i ncl udi né;, %ﬁﬁ!!o'?ﬁ- exanpl e, proximty sensing car alarns, home security
systens, keyless entry systens, backup warning radar, and the like. -18 -

1 23. A sensor comprising: | ¢
2 a _t'ransmitter which transmits a sequence of transmitted
. 3 bursts of electromagnetic energy to produce a sensor field, the sequence
4 of bursts having a randomly or pseudo randomly modulated burst repetition
5 rate, and each burst having a burst width and comprising a number of
6 cycles at a transmitter frequency; '
7 frequency modulation circuitry coupled to the transmitter
8  which switches the transmitter frequency between at least a first frequency
9 and a second frequency at an intermediate frequenéy;- '
10 a receiver which receives electromagnetic energy at the -
11 transmitter frequency, including a mixer which mixes a transmitted burst
12 with reflections of the transmitted burst.to produce an-intermediate
13  frequency signal, so that the burst width defines a sensor range; and
14 circuitry, coupled to the receiver and responsive to the
15

intermediate frequency signal, fo indicate disturbances in the sensor field.

24—

* ¢ L M s *x

”



Wo 96/ 07931 PCT/ US95/ 11046 The
systemis range-gated to limt the maxi num detection range to reduce fal se

alarms with typical adjustment range for the current enbodi m%q@

i nches to 12&%%@7931’% burst repetition frequency is noise co o Y
co-locati.on of nultiple sensors. The receiver is very 5 sensitive,

all owi ng reduced transmt power. Thus, it need not operate in the |ISM bands

whi ch areqcrowded g h otHerderition bf A8INT 28 OwRbBASIA ey Burttehave abeigirtring
m crowave ovens. This results in a |ow operation current with nmultiple year

battery |iZe ambehding, and have a relativer phase wshiift petweens. cyries near the

f act ' t s i t d tqQ th t Lt ted 1
whi oh avordis  &eeniag and cides pestending: gnd e feladfveintass sBf &7 the Bumt | ons.
Fur t h | . orP Yy ons T ; ih
LRL o] dhar YARUTHOPSTriTre BRAGY SR rolf e SRIREBHASE Snilor MIBLIET, 1 1e

hyper sensig i veyidth &t thessdconddretjuéneyibytiess thdrn860y atthessensor samge.t i vity
fromO to the maxi nrum range. 15 The foregoing description of
preferred enbodi nents of the invention has been presented for purposes of

Il lustratipon and d ripgion. It i.S {al . ' to
limt the Ynventiorf o t ﬁ?'&%qrs‘g q‘%mh'd%’gg%g'gé%g %E‘?%EEF%& bﬁgtn@ﬁ
nodi fi cat isons hidh ; Ifreag ffend heaeldtive s8 shififored in
this art. It itgegﬁgrsgrmgfy iﬁﬁg?%e scgggpgf thferbg‘O tdtiwia(r?\'jgntéi on flge

defi ned by3 t hehéddurstwidthcatthessecahd frequencyiibyaabouts180° at a particular

4  sensorrange.

1 26. The sensor of claim 23, wherein the burst repetition rate is
less than the transmitter frequency and is modulated so that bursts in the
3  sequence of bursts have a phase which varies.

1 27. The sensor of claim 26, wherein the transmitter frequency is
2 on the order of gigaHertz, the burst repetition rate is on the order of
3 megaHertz, and the intermediate frequency is on the order of kiloHertz.

1 28. The sensor of claim 23, wherein the transmitter and receiver
2  share a single antenna. '

~ 29. The sensor of claim 23, wherein the transmitter includes a
transmit antenna and the receiver includes a receive antenna, and the
,franémit and receive antennas are mounted such that the transmitted
bursis 'are proximity coupled to the receive antenna for mixing with

g Hh ON =

refiections.
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What is clainmed is: -19 - WO 96/ 07931

PCT/ US95/ 110‘&,&9%@4% 1 1. A sensor conprising: 2 pCT/US9s/11046 2
transmitter | ansnmts a sequence of yypgansnmitted 3  bursts of

el ectromagneti c energy to produce a sensor (leld, t he sequence 4 of
bursts having a burst repetition rate, and each burst having a burst width
5 and conprising a nunbg cles at a transmtter frequency; 6

a receiver which reggi vgs eljgctrogagnetic energy at the 7 transmtter
frequency, includingga/m xe ich\m xes a transmtted burst 8 wth
reflections of the Qhsm tt@®d burdt to produce an internediate 9
frequency signal, so that thy bursy wi dth defines a sensor range; and 10
circuitry, coupled to e regeiver/and responsive to the 11 internediate

frequency signal, to indcatle di sfurbances in the sensor field. 1 2.
The sensor of clasgfl, i e+-1{0 a circuit coupled to the 2 transmtter
whi ch nodul ates t ransmtted bursts at the 3 I nt er medi at.e

of claim2, wherein the sequence of
t less thayn or equal to the burst repetition rate.
claim2, whgrein the sequence of bursts is
i
[ J

frequency. 1 3
bursts is 2 nmoddl
1 4. The s

sor <of
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2
frequency 3 qggh

A interned?g e 7§gQUency is less than or equal
rate. -20 - WD 96/ 07931
PCT/ US95/ 11046 1 5.
- have a beginning 2. and endi ng,
cycles near the 3
phase shift for the 4
rel ati ve phase shift for the 5
| ess- than 360[err] at the sensor range. 1

5, wherein the relative phase shift for the 2
frequency differs fromthe rel ative phase shift for the 3

to the bu

6.

t he second frequency by about 1 80[err] at a particular senfor 4

7. The sensor of claim1, including a circuit coupled to
transmtter by which to adjust the burst width. 1

of claim1, including burst rate nodul ation 2 circuitry
transmtter which nodul ates the burst repetition 3 rabe
The sensor of claim8, wherein the burst repetition ratf@
the transmtter frequency and1ﬂ¥§fmrst rat e nmodul ati on\vs|

SUBSTITUTE SHEET (RULE 26)

rst

bur st

he 2
8 The
coupl ed
1
s less 2
rcuitry

nodul at ed by changing the transmtter frequency between a first
second frequency at the internedi ate frequpfrusesansist he
repetition

The sens%giof claim4, wherein the bursts

and have a relative phase shift between
begi nning and cycles near the ending and the relative
burst width at the first frequency differs fromthe
burst wdth at the second frequency by

' The sensor of claim
burst width at the first

W dt h at

range. 1

Se r

[ O
O. e

E;?n
AF

p ot
U
N
M
N
o~
n
W]
5 %
g@:
>
V
o



3 modul ates the burst repetition rate so that bursts in the sequence of

bursts 4 have a phase which varies. 1 10. The sensggl. Eostl1gdem O
Wherein t he WML ¢ er frequency is 2 on the order of gigaHértz and the

burst repetition.rate is on the order of 3 megaHertz. -21 - WO

96/ 07931 : PCT/ US95/ 11046 1

11 . The sensor of claiml1l, wherein the transmtter and receiver 2 share
a single antenna. 1 12. The sen86 of claim1, wherein the

transmtter includes a 2 transmt antenna and the receiver includes a
recei ve antenna, and the 3 transmt and receive antennas are nounted such
that the transmtted 4 bursts are proximty coupled to the receive
antenna for mxing with 5 reflections. 1 13. A sensor
conprising: 2 a nodul ated transmtter which transmts a
sequence of 3 transmtted bursts of el ectromagnetic energy, the sequence
of transmtted 4 bursts having a burst repetition rate, and_gach burst

having a burst width 5 and conprising a nunber of cycles a transmtter
frequency, the 6 sequence of bursts being nodul ated at an infeer nedi ate
frequency; 7 a receiver which receives el ectro@neti C energy
at the

o
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8 transmtter frequency, including a m xer which mxes a transmtted
burst 9 W ? r *Fctions of the sanme transmtted burst to p&?ﬂﬂﬁﬁs@ﬁus
Jinternediaté& 368; Fequency signal, so that the burst width defines a
sensor range of about 11 one-hal f thé/Bur st wi dth; and 12 '

circuitry, coupled to the receiver and responsive to the 13 I nt er nedi at e
frequency signal, to indicate notion within the sensor range. 1 14.
The sensor of claim 13, wherein the sequence of bursts is 2 frequency

nodul ated at | ess than or equa
96/ 07931
15. The sensor of claim 13,
nodul at ed by changi ng the transg
.and a second frequency at the
“sensor of claim15, wheredshn thg
have a rel ati ve phase shi®t befween cycl eSy near he!@ egi nning a
cycles near the ending a h relati i pHase sBft for=the 4 q&%St wi dt h
at the first frequency diff fromtpe E&Jsative phage g$hift f@r e 5
burst width at the second f UYency b V han—3eofrexklrat the Gnsor
range. 1 17. <L The sendor of cl aijm 16, | wherdi n t e reﬂkg'vé’bhase
erjcy di eﬁﬁqu
| e T LeBu
- :

e burst repetition rate. -22- WO
PCT/ US95/ 11046 1]‘)

Jhe sequence of bursts is 2 o

freggfncy between a first fre cy 3

edi at &Jf requency., 1 16.

burs\s ha¥® a begin ¥n and endi and

shift for 2 the b@st widtH at th8 fi
rel ati ve phase :lt}i\ft f |e'®the b®&5t width at
about 180[err] a ticydgr
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4 sensor range. 1 18. The sensor of claim13, including burst
rate nodul ation 2 circuitry coupled to the transmtter whic %&ﬁhﬁé
the burst reP&WHMWM 3 rate. 1 19. The sensor of clai )
wherein the burst repetition rate is 2 g/gess than the transmtter
frequency and the burst rate nodulation circuitry 3 nodul ates the burst
repetition rate so that bursts in the sequence of bursts 4 have a phase

which varies. 1 20. The senso aim 19, wherein the transmtter
frequency is 2 on_t he order oinagig natthe burst repetition rate is
on the order of 3 QwegaHertz. 23- () 96/ 07931

PCT/ US95/ 11046 1

transmitter and recei V¥ 7 g gl e antenna. }—/ 22. The
sensor of claim13, wh i ncl udes g~ 2 transnmt antenna
and the receiver includess r enha, and _the ; ansmt and

recei ve antennas are nountfed s bursts are

proximty coupled to the ceijve Ee.'ntenna fg Xi ng W|t 5 reflections. 1
23. A sensor conpri sing: o~ : g
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2 a transmtter which transmts a sequence of transmtted 3
bursts of egg‘?% Wneti c energy to produce a sensor field, tpgrgsssaNeE 4
,of bursts h ‘8 andom'y or pseudo random y nodul ated burst repetition 5
rate, and each burst having a burst w dtg/gnd conprising a nunber of 6
cycles at a transmtter frequency; 7 frequency nodul ati on
circuitry coupled to the transmtter 8 whi ch switches the transmtter
frequency between at |east a first frequency 9 and a second frequency at
an internediate frequency; 10 a receiver which receives
el ectromagnetic eg_qrr?y at the 11 transmtter f requency, 2t Q! uding a m xer
he

whi ch m xe transmtted
burst to pr%syc

t eargg#% % W ih reflectio
e/an infler r guency si Xso that the
wi dt h define %d ‘{ - i’ g£| reurtry, %ﬁgo t he

recei ver and respgnsiv toG—HB-C:L‘E‘ \Tnt er rredl e frequency si
i ndi cate di sturbadces i WO 96/ 07931— 3\1
PCT/ US95/ 11%ﬂ The- sensor i m 23, wherei nthe bursts
have a begi and end| ng, and ha\ze ative phase shift between
cycles near the 3= beginning and cycl es near=ending, and the rel ative

phase shift for the burst 4 width at the first frequency differs fromthe
relative phase shift for the burst 5 wdth at the second frequency by

| ess than 360[err] at the sensPI@ 7
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The sensor of claim 24, wherein the relative ph ift for

R Nm SioApEARATION PUBLISHED, ﬁ%ﬁﬁsﬁrﬁéﬂwﬁxﬁf@%ﬁiﬁoﬁﬁfﬂ

RTMP'S copy)

nodu
vari ¢
freq

Gdoteragtiopsh Butenb Glessification f 1 he 3 | s el GReraitiofalPublication av@bet: pPhas WG D793
bs. @01S13/04 27. The sensor off Al pi m 26, wherein the transmtter
lency is 2 on the order of gi aHer@}“W%h?‘%‘é“ﬁ%&%ﬁtio%ﬁmé%ﬁ"w)

-

t he

of k
tran
sens¢
and 1
rece
pr ox
-25
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(57) Abstract

A field disturbance sensor operates with a relatively low power, provides an adjustable operating range, is not hypersensitive at close
range, allows co-location of multiple sensors, and is inexpensive to manufacture. The sensor includes a transmitter (11) that transmits a
sequence of bursts (19) of electromagnetic energy. The transmitter frequency is modulated at an intermediate frequency, The sequence
of bursts has a burst repetition rate, and each burst has a burst width and comprises a number of cycles at a transmitter frequency. The
sensor includes a receiver (21) which receives electromagnetic energy at the transmitter frequency, and includes a mixer (22) which mixes
a transmitted burst with reflections of the same transmitted burst to produce an intermediate frequency signal. Circuitry, responsive to the
intermediate frequency signal indicates disturbances in the sensor field. The burst repetition rate is randomly or pseudo-randomly modulated
so that bursts in the sequence of bursts have a phase which varies.
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