U.S. Patent Sep. 9, 1997 Sheet 5 of 16 5,666,120

GET PULSE PERIOD
FROM FIRST TIMER




Abstract:

Apparatus for detecting the presence of a
speed detection system includes a
microcontroller, alaser detector circuit
coupled to the microcontroller, aradar
detector circuit coupled to the
microcontroller and adisplay coupled to
the microcontroller, wherein the
microcontroller receives signals from the
laser detector and radar detector circuits
and in response to the signals fed thereto,
the microcontroller provides an output
signal indicating which of the laser and
radar detector circuits fed asignal
thereto.

Claim: What isclaimed is;

1. A method of operating aradar detector
having a swept VCO to detect the
presence of areceiver circuit, the method
including the steps of:

stopping the sweep of the VCO at a
predetermined time;

tuning the VCO to emit asignal at a
single fixed frequency for a
predetermined time period;

detecting a signal having a changing
frequency;

determining if said detected signal has a
predetermined signal characteristic; and
in response to said determining step, if
the detected signal has the predetermined
signal characteristic then operating the

V CO such that the VCO does not emit a
signal which is detectable by the receiver
circuit.

2. The method of claim 1 wherein the
step of operating the VCO such that the
VCO does not emit asignal whichis
detectable by the receiver circuit includes
the step of tuning the VCO to emit a
signal which is not detectable by the
receivercircuit.

Pesrome:

Amnmapart a1 Toro, 4yToObl 0OHaPYKUTh IPUCYTCTBHE
CUCTEMbI OOHAPYKEHUS CKOPOCTU BKIIIOYAET
MUKpOJMCIIETYEPA, JIA3ePHBIA KPYyrooOOpOT JaTUHKA,
COEIMHEHHBI MUKPOIUCIIETYEDPY, paJapHBINA
Kpyroo0opoT 1aTYhKa, COeIMHEHHBIN
MUKPOJUCIIETYEPY U MTOKA3Y, COEAUHEHHOMY
MUKPOJUCIIETYEPY, B YEM MUKPOAUCIIETUED MOJTYydaeT
CUTHAJIBI OT JIa3€PHBIX KPYTrooOOPOTOB TaTUMKA
JaT4MKa U pajiapa U B OTBET HA CUTHAJIbI, IUTaeMbIE K
TOMY, MUKPOJIUCIIETYEP 00ECIIeUnBAET CUTHAI
MIPOYKIUH, YKa3bIBAIOLINM, KaKoi U3 Kpyroo6opoToB
JaT4MKa Ja3epa U pajapa HaKOPMUJI CUTHAJ K TOMY.

TpeboBanue: To, uto TpeOyercs:

1. Meton neficTBUs paJapHbIM JATYUKOM, HMEIOIIUM
oxBaueHHbIH V CO, 4T0OBI 00OHAPYKUTH IPUCYTCTBUE
Kpyroo0opoTa NpueMHHKa, METO/1a BKIIFOYas [Iaru:

octanoBka 3auncTku V CO B npenonpeenieHHOe
BpeMH;

Hactpoiika VCO, 94ToOBI UCITYCTUThH CHTHA B
€ IMHCTBEHHON HENOABIKHON YacTOTE JUIA
MPEIONPEIETICHHOTO NEPHUO]Ia BPEMEHHU;

o0OHapy>KEeHHE CUTHAJIA, UMEIOLIETO U3MEHSIOUIYIOCS
4acToTYy;,

OIIpEJIeNIsis €CIIU CKa3aHO y OOHAPYKEHHOTO CUTHAJIA
€CTh MpeIoNpeIeIeHHas 0COOCHHOCTh CHTHAJIA; U B
OTBET Ha CKA3aHHBIN IIIaT ONPEACIICHUS, €CITH Y
00Hapy»XKEHHOTO CUTHAJIA €CTh MIPEJONpeaeTICHHAS
0COOEHHOCTH CHTHAJA, Toraa ynpasssromas V CO
TakuM o0pazom, yToOs1 V CO He HCIyCThII CUTHA,
KOTOpBIN 00HAPYKUM KPyroo00poTOM IPUEMHUKA.

2. Meron tpeboBanus 1 B ueM mar aevicteus VCO
TakuM o0pazom, yToOs1 V CO He HCIyCThII CUTHA,
KOTOpBIN 00HAPYKUM KPyroo00poTOM IPUEMHUKA,
BKJtouaeT mar HacTpoiku V CO, 4To0bI HCTTYCTHTH
CHUTHAJI, KOTOPBI He 0OHAPYKUM reCel Vercircuit.




3. The method of claim 1 wherein prior to
said stopping step, performing the step
of:

periodically sweeping the VCO between
afirst frequency and a second different
frequency and wherein the steps of
stopping the sweep of the VCO at the
predetermined time and emitting the
signal at the single frequency for the
predetermined timeperiod are performed
during a predetermined one of the
periodic sweeps.

4. The method of claim 3 wherein the
VCO emitsthe signal at the single
frequency for atime period in the range
of 140 to 215 milliseconds.

5. The method of claim 1 wherein the
step of operating the VCO such that the
VCO does not emit asignal whichis
detectable by the receiver circuit includes
the step of tuning the VCO to emit a
signal outside the frequency range of the
receivercircuit.

6. The method of claim 3 whereinin
response to said determining step, if the
detected signal does not have the
predetermined signal characteristic then
returning to the step of periodically
sweeping between the first frequency and
the seconddifferent frequency.

7. The method of claim 3 wherein the
step of operating the VCO such that the
VCO does not emit asignal whichis
detectable by the receiver circuit includes
the step of:

tuning the VCO to emit a non-detectable
signal having a frequency outside the
range of frequencies between the first
frequency and the second frequency
wherein the VCO emits the non-
detectable signal for a pre-determined
period of time.

3. Meton tpeboBanus 1 B uem 10 CKa3aHHOTO IIara
OCTAHOBKH , BBITIOJIHSIS 1Iar.

neproguaecku oxBateiBas V CO Mexay nepBoit
4aCTOTOW M BTOPOM Pa3Iu4yHON YaCTOTOM U B YEM
maru octaHoBkH 3aunctku V CO B mipeionpeieicHHOe
BpEeMsI U HCITyCKaHKE CUTHAJIA B €IMHCTBEHHON
yacToTe I IpeaonpeaeneHHoro timeperiod
BBITIOJTHEHBI BO BpeMsI ITPEI0IPEIeTICHHON 13
MIEPHOTUICCKHUX 3aUHCTOK.

4. Meton tpeboBanus 3 B ueM VCO ucnyckaer
CHTHAJI B €JMHCTBEHHOW YacTOTE KaKOE-TO BPEeMsI
nepuoa B auanaszone 140 - 215 MusumicekyHI.

5. Meroa TpeboBanus 1 B ueM mar aevicteus VCO
TakuM o0pazom, yToOs1 V CO He HCIyCThII CUTHA,
KOTOpBIN 00HAPYKUM KPyroo00poTOM IPUEMHUKA,
BKJtouaeT mar HacTpoiku V CO, 4To0bI HCTTYCTHTH
CHTHAJI BHE YaCTOTHOI'O JiMana3oHa leceiVercircuit.

6. Metox TpeboBanust 3 B 4eM B OTBET HA CKA3aHHBIN
I1ar onpeJeNIeHus, €Clii Y 00Hapy>KEHHOTO CHTHAJIa
HET IMPeIoNPeeTICHHON 0COOCHHOCTH CHTHAJA, 3aTEM
BO3BpAIIAsCh K IIary IepUOIHIECKON YOOPKH MEXKITY
nepBoii yactoroit u seconddifferent wacroroii.

7. Meton TpeboBanus 3 B yem mar neicteus VCO
TakuM o0pazom, yTo0s1 V CO He HCITyCTHII CUTHAJ,
KOTOpBIN 00HAPYKUM KPyroo00poTOM IPUEMHUKA,
BKJTIOYAET IIIar:

HactpauBas V CO, 4ToObI HCITYCTHTD HEOOHAPY KUMBIN
CHUTHAJI, IMEIOIINIA YaCTOTY BHE JMaIa30Ha 4acToOT
MEXK1y IIEPBOM YaCTOTON U BTOPOM YACTOTOM B UEM,

V CO ucnyckaet HeoOHAPYKUMBII CUTHAIT JUIsI
TIPEIONIPEICTICHHOTO IPOMEKYTKA BPEMEHH.




8. The method of claim 7 wherein after
the step of emitting the non-detectable

signal for the pre-determined period of
time performing the steps of:

tuning the VCO to emit the signal at the
single frequency; and determining if a
received signal has the predetermined
signal characteristics.

9. A radar detector having acircuit for
detecting a signal having a changing
frequency emitted by areceiver circuit,
the circuit comprising:

first means, coupled to alocal oscillator
signal source, said first means for
periodically changing the frequency of a
local oscillator signal emitted by the local
oscillator signal source between a first
frequency and a second
differentfrequency;

second means, coupled to said first
means, said second means for stopping
the sweep of the local oscillator signal
source at a predetermined time during a
predetermined one of the periodic sweeps
such that the local oscillator signal source
emitsasignal at asingle frequency for a
predetermined time period;

third means, coupled to said second
means, said third means for detecting the
signal having a changing frequency
emitted by the receiver circuit; and fourth
means, coupled to said third means, said
fourth means for controlling the local
oscillator signal source such that in
response to said third means detecting the
signal from the receiver circuit, said
fourth means controls the local oscill ator
signal source such that the radar detector
does not emit asignal detectable by the
receiver circuit.

8. Meton TpeboBaHust 7 B 4eM IOCIIE IIara
WCIYCKaHUsI HEOOHAPYKUMOTO CUTHANA IS
MIPEeIOTIPEICTICHHOTO IPOMEKYTKa BPEMEHH,
BBIIIOJHAIOIICTO IIAaru.

Hactpoiika VCO, 94ToOBI UCITYCTUTH CHTHA B
SJMHCTBCHHOMN YacTOTE; U ONpeIeIICHUE, eCTh JIH Y
MOJIYYCHHOTO CHTHAJIA MPeA0IpeeiICHHbIC
0COOCHHOCTH CUTHAJIA.

9. PajapHsblit aTIMK, IMEIOLIHIA KPYTOO00pOT ISt
TOr0, 4TOObI OOHAPYKUTH CUTHAJI, UCITYCKAIOIINHA
U3MEHSIONIYI0CS YaCTOTY KPyroo00pOTOM IPUEMHUKA,
KpYyroo0opoT, BKITIO YarOIITHIA:

IIEPBBIE CPEACTBA, COEAMHEHHBIE HA MECTHBII
reHepaTop, CUTHAIM3UPYIOT UCTOYHUK, CKa3all, 4TO
NepBbI€ CPEeACTBA AJIs TOrO, YTOOBI IEPUOAUYECKU
M3MEHUTh YaCTOTY MECTHOI'O CUTHAJIa T€HEPaTOopa,
HCITYCKa€MOI'0 MECTHBIM I'€HEPAaTOPOM,
CUTHAJIIM3UPYIOT HICTOYHHK MEXK/y IIEPBOM YaCTOTON U
cexyna differentfrequency;

BTOPOE CPEJICTBO, COETMHEHHOE K CKa3aHHOMY
CHauaja, 03HayvaeT, CKa3aj, YTO BTOPBIC CPEICTBA IJIS
TOrO, YTOOBI OCTAHOBUTH 3aYUCTKY MECTHOTO
reHepaTopa CUTHAIM3UPYIOT UCTOYHUK B
MIpeIoTpPeIeTICHHOE BPEMsI BO BPEMsI
MIPEONPEICTICHHON U3 TIEPHOTUICCKUX 3aUUCTOK
TakuM 00pa3oM, YTOObI MECTHBI UCTOYHUK CUTHAJIA
resepaTopa emitSacurHaau3upoBal B € JMHCTBEHHON
4acTOTE JIJIsl IPEAOIIPECIICHHOTO IIEPHO/1a BPEMEHH;

TPEThHU CPEICTBA, COCMHCHHBIC HA CKA3aHHBIC BTOPHIC
CpeICTBa, CKA3aM TPEThH CPEICTBA AJIS TOTO, YTOOBI
OOHApYKUTh CUTHAJI, UCITYCKAIOIINI H3MCHSIOILY FOCS
JaCTOTY KPYyrooO0pOTOM IIPHEMHHUKA; U YCTBEPTHIC
CPEJIICTBA, COCTUHEHHBIC Ha CKa3aHHbIe TPEThU
CpEICTBa, CKa3aJH, YTO YETBEPThIC CPEICTBA AJISI TOTO,
4TOOBI YIIPABIISTH MECTHBIM T€HEPATOPOM
CHTHATU3UPYIOT UCTOYHHUK TAaKKHM 00pa3oM, KOTOPHIH B
OTBET Ha CKa3aHHYIO TPETh O3HAYaeT OOHAPYKUBAThH
CHUTHAJ OT KPYroobopoTta MpueMHHKa, CKa3a, 4To
YETBEPTOE CPEICTBO YIPABIICT HCTOYHUKOM CHTHAIA
local oscillator takim 00pa3zom, 4TOOBI paapHbIi
JaTYMK HE UCITYCTHJI CUTHAJ, OOHAPY KHUMBII
Kpyroo60poToM NIpUEMHHUKA.




10. The circuit of claim 9 wherein said
third means comprises:

means for demodulating the received
signal; and means for determining if the
received signal has a predetermined
signal characterigtic.

11. Thecircuit of claim 10 wherein said
second means periodically stops
changing the frequency of the local
oscillator signal source such that the local
oscillator signal source emitsthe signal at
the single frequency for the

predetermi nedtime period.

12. Thecircuit of claim 11 wherein after
the local oscillator signal source emitsthe
signal at the single frequency for the
predetermined time period, if said third
means detects the presence of asignal
emitted by the receiver circuit thensaid
fourth means tunes the local oscillator
signal source to provide a non-detectable
signal having a frequency outside the
range of frequencies between the first
frequency and the second frequency
wherein the local oscillator signal source
emits thenon-detectable signal for a pre-
determined period of time.

13. Thecircuit of claim 12 wherein after
the local oscillator signal source emitsthe
non-detectable signal for the
predetermined period of time said fourth
means tunes the local oscillator signal
source to emit the signal at the
singlefrequency; and said means for
detecting determines if the signal from
the receiver circuit is present.

14. A radar detector comprising:
aVCo;

atuning circuit, coupled to the VCO, said
tuning circuit for providing a sweep
signal to said VCO such that said VCO
provides asignal which periodically
sweeps between afirst frequency and a
second different frequency;

10. Kpyroob6opot TpeboBanus 9 B uem ckaszai, 4To
TPEThE CPECTBO BKIIIOYALT:

CpeACTBA JIJIsl TOTO, YTOOBI IEMOAY TUPOBATH
MOJTyYEHHBIN CUTHAJ; U CPEACTBA JIJIsl TOTO, YTOOBI
OTIPENICTUTh, €CTh JIU Y MIOJYYCHHOTO CUTHAIa
npeonpeeaeHHas 0COOCHHOCTh CUTHAJIA.

11. Kpyroo6opot tpedoBanus 10 B uem ckasai, 4To
BTOPOE CPEJICTBO MEPUOJUUECKH MPEKPALAET
U3MEHSTHCS, YaCTOTa MECTHOI'O TeHepaTopa
CUTHAJIM3UPYIOT UCTOUYHUK TAKUM 00pa3oM, YTOOBI
MECTHBIH HCTOYHUK CUTHAJIAa T€HEepaTOpa UCITYCTHII
CUTHaJ B €IMHCTBEHHOW YacTOTE B TEUECHUE
predetermi nedtimenepuoa.

12. Kpyroo6opot TpeboBanus 11 B uem nocie
MECTHOI'O F€HEPaTOpa CUTHAIU3UPYET, YTO UCTOUYHHUK
UCIyCKA€eT CUTHaJl B €IMHCTBEHHON 4acTOTE JUIsl
IIPeI0NPEIETICHHOI0 IEproia BpEMEHH, €CIH
CKa3aHHOE TPEThE CPEJICTBO OOHAPYIKUBAET
MIPUCYTCTBUE CUTHAJA, UCITyCKAEMOT0 Kpyroo0opoToM
npuemHuka thensaid, uerBeproe cpeacTBo
HACTPauBAaETCs, MECTHBIM T'€HEPaTOP CUTHAIUZUPYIOT
HCTOYHHUK, YTOOBI 00ECIeUUTh HEOOHAPY KUMBII
CUTHaJI, UMEIOIIMI YacTOTYy BHE JAMANa30Ha 4YacTOT
MEXK1y ITIEPBOM YaCTOTOW U BTOPOM YACTOTOM B UEM,
MECTHBIH HCTOYHHUK CUTHAJIa FT€HepaTopa UCIyCKaeT
thenon-o6HapyKMUMBIi CUTHA 1S
[IPEI0NPEIETICHHOIO IPOMEXKYTKA BPEMEHH.

13. Kpyroob6opot TpeboBanus 12 B ueMm mnocie
MECTHOI'O T€HEepaTopa CUTHAIM3UPYET, YTO HCTOYHUK
UCIyCKaeT HeOOHAPYKUMBIH CUTHAIT JUIs
IpeoNpeaETICHHOTO IPOMEXYTKa BPEMEHH, CKa3all,
YTO YETBEPTOE CPEIICTBO HACTPAUBACTCS, MECTHBIN
TCHEPATOP CUTHATM3UPYIOT UCTOYHUK, YTOOBI
UCIYCTUTh cUrHal B SiNglefrequency;u ckasanHoe
CPEACTBO AJISl TOTO, YTOOBI OOHAPYIKUTh OTPEIEIISIET,
MPUCYTCTBYETJIU CUTHAJI OT KpyroobopoTa
MPUEMHHUKA.

14. PagapHblii JaTYUK, BKITIO YAFOTITHIA:
VCO;

HaCTPaMBAIOIINICSI KPyrooOOpOT, COeTMHEHHBIN K
V CO, ckazai HaCTpauBarOIIUICS KPyrooOOpOT IS
TOr'0, YTOOBI 00ECIIEYNTh CUTHAJI 3aYMCTKHU
ckazanHomy V CO Takum 00pa3oM, KOTOPBIN CKa3al,
gyro VCO obecnieunBaeT curHai, KOTOPbIA
IIEPUOANYECKHN HECETCS MEXKAY IEPBOM 4aCTOTOM U




aprocessor, coupled to said tuning
circuit, wherein in response to asignal
from said processor, said tuning circulit
stops the sweep of said VCO at a
predetermined time such that said VCO
emitsasignal at asingle frequency for a
predetermi nedtime period; and a detector
circuit, coupled to said processor, said
detector circuit for detecting asignal
having a predetermined signal
characteristic, and wherein in response to
said detector circuit detecting asignal
having the predetermined

signal characteristic, said tuning circuit
stops the sweep signal and tunes said
VCO to emit asignal having a frequency
outside the frequency range between the
first frequency and the second frequency.

15. The radar detector of claim 14
wherein said detector circuit comprises:

ademodulator circuit for demodulating
the received signal; and a detector diode
for detecting the received signal thereby
detecting the presence of the receiver
circuit.

16. The radar detector of claim 15
wherein said VCO emitsthe signal
having the frequency outside the
frequency range between the first
frequency and the second frequency for a
predetermined time period.

17. The radar detector of claim 16
wherein after said VCO emits the signal
having the frequency outside the
frequency range between the first
frequency and the second frequency for
the predetermined time period, said
tuning circuit tunes the VCOto emit a
signal at the single frequency.

18. The radar detector of claim 17
wherein after said VCO emits the signal
at the single frequency, said detector
circuit determines if asignal having the
predetermined signal characteristic is

BTOPOM pa3IMYHON YaCTOTOW;

MPOIIECCOP, COEAMHEHHBIN K CKa3aHHOMY
HACTPaUBAIOIIEMYCsl KpyrooOOpOTY, B YeM B OTBET Ha
CHTHAJI OT CKa3aHHOTO TIpoIIeccopa, cKas3all, 4To
HACTPOIKa Kpyrood0opoTa OCTaHABIMBALET 3a9YHUCTKY
ckazanroro VCO B npeponpeieIcHHOS BpeMs TAaKUM
obpa3om, koTopoe ckazaino, uro VCO ucmyckaer
CUTHAJ B €JIMHCTBCHHOW YaCTOTE B TCUCHUE
predetermi nedtimenepuoa; 1 Kpyroo0opoT 1aT4HKa,
COCJTMHCHHBIN HA CKa3aHHBIN MPOIIECCOp, CKa3all, 4TO
Kpyroo0opoT AaT4YMKA JJIsl TOTO, YTOOBI OOHAPYKUTH
CUTHAJI, IMCIOIINH TTPEIOTPE/ICIICHHY0 0OCOOCHHOCTh
CUTHAJIa, ¥ B YeM B OTBET Ha CKa3aHHBIA KPyrooOopoT
TaTYrKa, OOHAPYKUBAIOIINI CUTHAII, UMEIOIIIHIA
npezonpeaeieHHbIi Signal characteristic, ckazai, uto
HACTPOHKa KPyroo0OpOoTa OCTAHABIMBAECT CUTHAI
3ayucTKy, 1 Meaoanu ckaszanu V CO, utoOsl
WCIyCTHTh CUTHAJI, IMCIOIINH YacTOTY BHE
4aCTOTHOIO JIMana3oHa MeXly IepBOM 4acCTOTON U
BTOpPOM YaCTOTOM.

15. Pagapuslii gaTunk TpeboBanus 14 B uem ckasai,
YTO KPYyrooOOpOT AaTUHKA BKIFOYAET:

Kpyroo6opoT 1eMOoayJIsiTOpa AJis TOro, YTOOBI
JNEMOYIUPOBATH OJYYEHHBIN CUTHAII; U THOJ
JaT4YMKA U1 TOT0, YTOObI 0OHAPYKUTh MOJTYyUEHHBIH
CUTHaJI, TAKUM 00pa3oM OOHapy KUBAIOIUI
MIPUCYTCTBUE KPYroo0opoTa NpUEeMHHKA.

16. Panmapublii natauk TpeOoBanus 15 B uem ckasai,
gyro VCO ncnyckaeT CurHaji, IMEIONIHA YacTOTY BHE
4aCTOTHOIO JIMana3oHa Mely IIepBOM 4acTOTON U
BTOPOI 4acTOTOM /JIsl IPEIONPEICICHHOr0 Neproa
BPEMCHU.

17. Papgapnslit naTunk TpedoBanus 16 B yem nocine
TOro, kak ckazano VCO ucrnyckaer CUTHAJ, UMCIOIIIHIA
9acTOTY BHE YaCTOTHOTO JTHATIa30HA MEX/Ty MIEPBOM
4aCTOTOU M BTOPOW YaCTOTOM ISt
MIPeIOTIPEICTICHHOTO TIEpHO/Ia BpEMEHH, CKa3all, 4To
HACTpoOiKa Kpyroobopota HactpauBaercs, VCOto
MCITYyCKAIOT CUTHAJI B €IMHCTBEHHOM YacTOTE.

18. Papapnslit naTunk TpedoBanus 17 B uem nocie
TOro, kak ckazano VCO ucnyckaer CUTHAI B
€IMHCTBEHHOM 4acTOTe, CKa3aj, 4YTO Kpyroo0opoT
JIaTYUKa OTPEJIeIISeT, MPUCYTCTBYET JIN CUTHAI,
MMEIOIINHI TPEI0NPeIeIIEHHYI0 0COOCHHOCTh CUTHAJIA.




present.
Description: FIELD OF THE
INVENTION

Thisinvention relates to detectors and
more particularly to vehicle speed
sensing systems.

BACKGROUND OF THE INVENTION

Asisknown in the art, speed detection
systems may be used to determine the
speed of moving objects, such as ground
based or airborne motor vehicles for
example. Itis often desirable for the
operator of the moving vehicle to know
when thespeed of the vehicle is being
measured. For example, it may be
desirable for an operator of a moving
automobile to know when the speed of
the automobile is being detected by a
speed detection system.

As isalso known, such speed detection
systems may utilize either radar or |aser
devicesin their operation. A speed
detection system which utilizes radar may
generally bereferred to as a so-called
radar gun. Radar gunstypically include
amicrowave signal source which emitsa
signal having afrequency in either the X,
K or Kafrequency regions of the
electromagnetic spectrum. Furthermore,
radar guns may emit signalsin either a
continuous or a pulsed mode.

A laser speed detection system or so-
called laser gun, on the other hand,
includes a laser which is adevice that
converts input power into avery narrow,
intense beam of coherent energy at a
single optical frequency, generally, but
notnecessarily, within the visible to
infrared frequency region of the
electromagnetic spectrum. Like radar
guns, laser guns may also operate either
continuously or in a pulsed mode. Laser
guns generally operate in a pulsed mode
due to input powerrequirements, cooling
problems, and other considerations of the
laser. The pulse width of the output of a

Onucanne:  OBJIACTb U3BOBPETEHU A

DTO U300pEeTeHNE UMEET OTHOIICHUE C IaTYNKAMU U
6o1ee noApoOHO C cUCTEMaMU OIIYLIEHHSI CKOPOCTH
TPaHCIIOPTHOTO CPEJICTBA.

®OH M30BPETEHUA

Kaxk u3BecTeH B UCKYCCTBE, CUCTEMbBI OOHAPYKEHUS
CKOpPOCTH MOT'YT UCITIOJIb30BAaTHCA, YTOOBI OIpCaAC/INTD
CKOPOCTh TIEPEMEIIEHUS 00BEKTOB, TAKUX KaK
OCHOBaHHUE 0a3upyeMble W OOPTOBBIC ABTOMAIIIUHBI
HanpuMmep. YacTo xenatenabHo Ui onepaTopa
JBIDKYIIETOCS] TPAHCIIOPTHOTO CPEICTBA 3HATH, KOT'Aa
thespeed TpaHCIIOPTHOTO CpeICTBA H3MEPSICTCH.
Hanpumep, MOXKeT OBITh JKeNaTenbHO IS OIlepaTopa
JBIDKYIIETOCST aBTOMOOWIISI 3HATh, KOTJIa CKOPOCTh
aBTOMOOWIISI OOHAPY )KUBAETCS CUCTEMOMN
0OHapyKEHUSI CKOPOCTH.

Kak takxe n3BecTeH, Takue CUCTEMbI OOHAPYKEHUS
CKOpOCTH MOTYT MCIIOJIb30BaTh WU pajap WiIH
Jla3epHBbIE YCTPOMCTBA B UX omnepaiuu. Cuctema
0oOHapy’KEeHUS CKOPOCTH, KOTOPast UCIOJIb3YET pajaap,
MO>KET BOOOIIIe YTOMUHATHCS KaK TaK Ha3bIBAEMOE
panapHoe opyxue. PagapHoe opyskue TUITHYHO
BKJIFOYAET UCTOYHHK CUTHAJIa amiCrOWave, KOTOpbIit
UCIyCKAaeT CUTHAJl, UMEIOIIUNA YaCTOTY WM B 3TUX X,
K mnu B 06mactsix yactoTsl KasnekTpoMarHuTHOro
cnektpa. Kpome toro, pagapHoe opykue MOXKET
UCIYCTUTh CUTHAJIBI UJIM B HETIPEPHIBHOM WUJIU B
MyJIbCUPOBABLIEM CIIOCO0E.

JlazepHast cucreMa 0OHapy>KEHUsSI CKOPOCTU WM TaK
Ha3bIBAEMOE JIa3epHOE OPYKHUE, C IPYTOi CTOPOHBI,
BKJIFOYAIOT J1a3ep, KOTOPBIN SBISIECTCS yCTPOHCTBOM,
KOTOpOE MpeoOpa30BbIBAET BXOAHYIO BJIACTh B OUEHb
Y3KHW, UHTEHCUBHBIN JTyd MOCIEJ0BATEIBHON YHEPTUU
B €JJMHCTBEHHOH ONTUYECKOW 4acTOTE, BOOOIIE, HO
notnecessarily,B npeaeaax BUIAMOIO K
nH(ppakpacHOW 00J1aCTH YACTOTHI AJIEKTPOMATHUTHOTO
cnektpa. Kak pagapHoe opy»ue, 1a3epHoe OpyKue
MOJKET TaK)Ke paboTaTh WIN HETIPEPHIBHO HIIH B
myJibcupoBaBieM criocode. JIazepHoe opyrxue BooOIe
paboTaeT B MyJIbCHPOBABIIIEM CIIOCOOE, JOTIKEH
BBOJIUTH POWETEqUirements, oxiaxasi mpooJIeMbl, 1
Apyrue paccMoTpenus nasepa. Llupuna nynabsca
MPOAYKINH ITyJILCHPOBABIIETO JIa3epa THITHYHO




pulsed laser istypically on the order of
nanoseconds or picoseconds.

Asisalso known, there exists two
particular classes of detecting systems
generally referred to asradar detectors
and laser detectors. A radar detector isa
device used to detect the presence of a
radar gun. A laser detector, on the
otherhand, is a device used to detect the
presence of alaser gun. Typically,
devices which detect the presence of
radar guns are unabl e to detect the
presence of laser guns. Similarly, devices
capable of detecting the presence of laser
guns are unabl e todetect the presence of
radar guns.

Radar detectorstypically detect signals
having frequencies in the X-band, K-
band and Ka-band frequency ranges.
Such radar detectors often include a fixed
frequency oscillator which generates a
signal in the X-band frequency range.
Theso-called third harmonic of some X-
band signals, however, fall generally
within the Ka-band frequency range.
Thus, one problem with conventional
radar detectors which detect signalsin the
Ka-band frequency range is that such
radar detectors may providean alarmin
response to the third harmonic signal of
the fixed frequency oscillator of a nearby
radar detector rather than in response to a
signal emitted from aradar gun. Thisis
generally referred to asa"false alarm” or
simply "falsing."

For example, the third harmonic signal of
afixed frequency dielectric resonant
oscillator (DRO) having a fundamental
signal at afrequency of 11.550 GHz isa
signal having afrequency of 34.650 GHz.
Thus, conventional radar detectors
havingKa-band detection capability
detect the 34.650 GHz signal and sound
false alarms in response thereto.

L aser detectors also have problems with
sounding false alarm signals in response
to light signals emitted from sources

HaXOIUTCA HAa 3aKa3€ HAHOCCKYH/ UJIM ITMKOCCKYH.

Kak takxe n3BecTeH, TaM CyILECTBYET JIBa
crenupUUecKux Kiacca 0OHapyKEHUS CUCTEM,
BOOOIII€ HAa3bIBAEMBIX PaJIapHbIMU JaTYUKaMH U
JIa3epHBIMU JaTYMKaMU. PagapHslii 1aTYuK -
YCTPOWCTBO, UCIIOJIH3YEMOE, UTOOBI OOHAPYKHUTH
MPUCYTCTBUE PAJAPHOTO OpYKHUsl. JIa3epHbIN JaTUUK,
Ha otherhand, siBiisieTcst yCTpOHCTBOM, HCIIOIb3YEMbIM,
9T0OBI 0OHAPYKUTh MPUCYTCTBHUE JA3EPHOTO OPYKHUSL.
Kak npaBuio, yctpoiicTBa, KOTOpble 00HAPYKUBAIOT
MIPUCYTCTBUE PAJJAPHOTO OPY KU, HECTIOCOOHBI
00HapY’KUTh IPUCYTCTBUE Ja3€PHOT0 OpYykus. TouHO
TaK K€ yCTPONCTBA, CIOCOOHBIE K 0OHAPYKEHUIO
MIPUCYTCTBUS JIA3EPHOTO OPYIKHUS, SIBISIOTCS
HecrocoOHbIM todetect npucyTcTBUE pagapHOTo
OpYXKHUSL.

PanapHble naTyMKy TUIIMYHO OOHAPYKUBAIOT
CUTHAJIbl, UMEIOIINE YacTOThl B X-rpynne, K
yacTOTHbIe quana3onsl Karpymnmel u rpynna. Takue
pajapHble JaTYUKHU YacTO BKIIIOYAIOT HETOIBUKHBII
re€HEepaTop YacTOThl, KOTOPBIA MPOU3BOIUT CUTHAT B
4acTOTHOM Juana3zoHe X-rpynnsl. HazBaHHbli
TpeTbel rapMOHUKON HEKOTOPOU X-TPYIIIIbI
CUTHAJIM3UPYET, OJTHAKO, [TaJIeHHE BOOOIIE B Mpeesiax
gacToTHOro nuana3zona Karpynmsl. Takum oO6pazom,
0JiHa IpobJieMa ¢ OOBIYHBIMU PalapHbIMU AATUNKAMU,
KOTOpbI€ 0OHAPYKUBAIOT CUTHAJIBI B YACTOTHOM
nuana3zoHe Ka-rpynmsl, COCTOUT B TOM, YTO TaKHe
pasapHbIe JaTYMKHA MOTYT TpeBora providean B otBer
Ha TPETUI TAPMOHUYECKU CUTHAJI HEMOABUKHOTO
reHepaTopa 4acTOThl COCEHET0 PaJapHOro aTYMKa, a
HE B OTBET HA CUTHAJI, UCITyCKAEMbIil OT pajapHOro
OpYKHs. DTO BOOOIIE YIIOMHHACTCS KaK ' JIOXKHAs
TpeBora” wiu mpocto "falsing".

Hanpumep, TpeTuii rapMOHNYECKNAN CUTHAI
HETIOIBIDKHOTO JTUDJICKTPHUKA YaCTOTHI PE30HAHCHBIN
rerepatop (DRO) nannure GpyHIaMEHTAIBHOTO
cur"ana B yactore 11.550 I'T'1 siBiIsteTC CUTHAIIOM,
umeromuM gactoty 34.650 I'Tu. Takum o6pazom,
oObIuHas pajiapHasi ClIoOCOOHOCTb OOHAPYKEHUSI
havingKarpymmbsl qaT4iuk 0B 0OHAPYKUBAIOT CHUTHA
Ha 34.650 I'T11 1 kaxxyTCs TOKHBIMH TPEBOTaMH B
OTBETE K TOMY.

VY na3epHbIX JaTYMKOB TAKKE €CTh MPOOJIEMBI C
30HIUPOBAHUEM JIOKHBIMU CUTHAJIBHBIMU CUTHAJIaMH
B OTBET Ha CBETOBBIC CUTHAJIBI, HCITyCKAEMbIC U3




other than laser guns. Laser detectors
may al so pose an additional problem in
that they may be expensive, and may
requireaccurate or pre-determined
alignment or positioning of the laser
detector within the path of a laser beam
in order to function properly. Such
systems are thus impractical for use by
personnel on moving airborne and
ground-based vehicles.

It would, therefore, be desirable to
provide a detection device which detects
the presence of both laser and radar speed
detection systems and which is able to
distinguish between signals provided
from speed detection systems and signals
providedfrom other detection devices
such as other radar detectors.

SUMMARY OF THE INVENTION

In accordance with the present invention,
a detector device includes a
microcontroller having coupled thereto a
laser detector aradar detector and a
display. The microcontroller receives
signals from the laser and radar detectors
and providesan output signal tothe
display indicating which of the detectors
fed asignal thereto. With this particular
arrangement, a detector which detects
signal's emitted from both radar and laser
gunsis provided. The detector device
may further include ahousing in which
the microcontroller, radar detector and
laser detector are disposed with the radar
detector being disposed above the laser
detector. The laser detector includes a
lens array positioned in front of a detector
to thus provide a laserdetector having a
relatively wide field of view and higher
sensitivity with minimal costs. The lens
array may be provided as a high optical
gain lens array which provides amplified
signal s to the detector which may for
example be provided as a
singlephotodiode. The detector converts
the light signals fed thereto to electrical
signals which are fed to an analog signal
processing circuit. The analog signal
processor circuit may be provided to

MCTOYHHK OB KPOME JIA3epPHOTO OpyXkHsl. JlazepHble
JaTYUKU MOTYT TaK)K€ U3JIOKHUThH JOTIOJTHUTEIBHY IO
npo0JieMy, B KOTOPOil OHU MOTYT OBITh JIOPOTHMH, U
MOJKET requireaccurate uiu rnpeaonpeaecHHOe
BBIPABHUBAHHE WM PACIIOJIOKEHHE JIa3ePHOTO
JaTYUKa B MpeIesax My TH JIa3epHOTo JIy4a, YTOOBI
(G YHKIMOHUPOBATH TOJDKHBIM 00pa3om. Takue
CHCTEMBI TAKUM 00pa30M HEMPAKTUIHBI JUIs
WCTIOJIb30BaHUSI TIEPCOHAIIOM IIPH MTEPEMEIICHUH
OOpPTOBBIX U HA3E€MHBIX TPAHCIIOPTHBIX CPEICTB.

[ToaTomy, Ob1T0 OBI KETATENBHO 00ECIICYUTh
YCTPOUCTBO OOHAPYKEHHUS, KOTOPOE OOHAPYIKUBACT
MIPUCYTCTBUE M CHCTEM OOHAPYKECHHS CKOPOCTH
Ja3epa M pajapa i KOTOPOE B COCTOSIHUU Pa3IMIUTh
CUTHAJIBI, 00CCTICYCHHBIE OT CHCTEM OOHAP Y KCHHSI
CKOpOCTH, U cHrHaju3upyet providedfrom npyrue
YCTpOICTBA OOHAPYKEHUS, TAKUE KAK IPYTHe
pajapHbIC JaTYHKH.

PE3IOME M30BPETEHU A

B cooTBeTcTBUM C CYILIECTBYIOIUM H300PETEHUEM,
YCTPOICTBO JaTYMKa BKIIOYAET MUKPOIUCIIETUEPA,
COEJIMHSIBILIETO K TOMY JIA3€PHBIN JaTYUK PaJIapHbIA
JaTYUK U MoKa3. MUKpoucneTyep nosydaeT CUrHajibl
OT JATUYMKOB Jla3epa U pajiapa U CUTHaJI MPOTyKLUU
providesan Ha mokas, yKa3bIBaIOIIHH, KaK O 13
JaTYUK OB HAKOPMMUJI curHai K Tomy. C aToit
cHenu(pUIecKoi JOroBOPEHHOCThIO 00ecreyeH
JaT4YUK, KOTOPBI 0OHAPYKUBAET CUTHAJIBI,
HCITyCKaeMbI€ U OT pajiapa U OT Ja3€PHOT0 OpYKHUSL.
VY CTpOKCTBO TaTYMKa MOKET Jlajiee BKI0YATh
ahousing, B KOTOpOM MUKpOHCIIETYEP, PAIapHbI
JaTYUK U Ja3epHbIN JaTUYUK PACIIOJIOKEHBI C
paslapHbIM JaTYMKOM, PACTIOIAraeMbIM BbIIIE
Ja3epHOro nat4uka. JlazepHslil 1aTyuK BKIIOYaET
MHO>KECTBO JIMH3bI, IOMEIIEHHOE Mepe]] JaTYHKOM,
4TOOBI TAKUM 00pa3oM obecrieunTs |aserdetector
HaJIMYMe OTHOCUTENIBHO HIUPOKOM 00acTu
npeacTaBieHus U 0o0Jiee BICOKOM UyBCTBUTEIILHOCTU
C MUHHMMAaJIbHBIMU 3aTpaTaMu. MHOKECTBO JINH3bI
MOJKET OBbITh 00ECIIEYEHO KaK BHICOKOE ONTUYECK 0
MHO>KECTBO JIMH3bI BBITO/IbI, KOTOPOE 00eCIeurnBaeT
YCUJICHHBIE CUTHAJIbI TaTYUKY, KOTOPBII MOKET
HanpumMep ObITh oOecriedeH kak Singlephotodiode.
JlaTamk mpeoOpa30BBIBAET CBETOBBIC CUTHAIIHI,
MUTaeMbI€ K TOMY K AJIEKTPUYECKUM CUTHAJIaM,
KOTOpBIE MUTAIOTCS K aHAJIOTOBOMY KPYroo0opoTy
00paboTKU curHajga. AHaJIOroBblil KpyrooOopoT
Mpoleccopa CUrHaJIa MOXKET ObITh 00€CTICUEH, YTOOBI
MaKCHUMH3UPOBAThH BBITOy U MUHUMU3HUPOBATH IIyM




maximize gain and minimize noise of
electrical signalsprior to feeding the
signal to adigital output circuit. The
radar detector includes avoltage
controlled oscillator (VCO) coupled to a
first mixer. The VCO provides a swept
frequency local oscillator (LO) signal to
the mixer to provide apair ofsignalsin a
first intermediate frequency (IF) rangein
response to asingle signal emitted from a
radar gun. The pair of first IF signals are
fed to asecond mixer. A second LO
signal source provides asecond LO
signal at afirst discrete frequency toan
LO input port of the second mixer. The
second LO signal and the pair of first IF
signals are combined in the second mixer
to provide apair of IF signalsin a second
|F frequency range. In response to a
signal from the microcontroller at
apredetermined time, the second LO
source provides asecond LO signal at a
second discrete frequency . The second
LO signal at the second discrete
frequency is fed to the LO port of the
second mixer. The second mixer
combinesthe LO signal at the
seconddiscrete frequency with afirst IF
signal to provide athird IF signal in the
second IF frequency range. Thusthree
signals in the second IF frequency range
are provided from the second mixer. The
three IF signals may beused in a
frequency bandidentification schemeto
thus allow the microcontroller to
correctly identify the frequency band of
the signal emitted from the radar gun.
The first mixer may be provided having
an antiparallel diode pair fed through a
pair of co-planer waveguidetransmission
lines coupled to RF and LO signal ports
of the mixer. The co-planar waveguide
transmission lines provide LO |eakage
signals having an orthogonal phase
relationship at the RF port of the mixer.
Thus, local oscillator signals

propagati ngtoward the RF port are
cancelled. Thisrenders the radar detector
non-detectable by receiver circuits which
are provided to detect the presence of a
radar detector. Furthermore, the radar
detector local oscillator signal source

3JIEKTPUUECKOro Signal Sprior k KOpMIICHHIO CUTHAIA K
Kpyroo6opoTy u@poBoro Beixoja. PagapHelii jaTunk
BKJIIOYAET YNPaBJIsiEMblil TeHEPATOP HAMPSKEHUS
(VCO), coenunennsblii k nepsomy Mukcepy. VCO
o0ecrieyrBaeT 0XBaYE€HHYIO YaCTOTY MECTHBIH
rerepatop (JIO) curnan Kk MUKcepy, 4ToOBI
npeocTaBuTh nape of signalSe nepBoii
npomexyTtouHoit yactore (ECJIN) nuamnas3on B oTBET
Ha €JMHCTBEHHBIN CUrHAJl UCIIyCKal OT paJapHoOro
opyxus. [1apa nepBoro, ECJIU curnansl nmurarotes K
BTOpOoMy Mukcepy. Bropas JIO curnanusupyer, 4yto
HUCTOYHHUK oOecrieunBaeT BTOpoit curnain JIO B mepBoi
JTUCKpeTHOM yacToTte toan Bxoauo# mopt JIO BTOpOTO
Mukcepa. Bropas JIO curnanusupyer u mapa mepBoro,
ECJIM curnansl 00beJUHEHBI BO BTOPOM MUKCEPE,
4yT00BI IIpeaocTaButh nape ECJIM curnansl uepes
cexkynny ECJIM wactoTHbIi inana3od. B oTBeT Ha
CHTHAJ OT MUKpoIucrieTuepa B apredetermined Bpems
BTOpOil cTouHuK JIO oGecnieunBaeT BTOPOM CUrHal
JIO Bo BTOpO# MuCKpeTHOM YacToTe. Bropoi curnan
JIO BO BTOpO# AMCKPETHOW YaCTOTE MUTAETCS OPTY
JIO BToporo mukcepa. Bropoii Mukcep KOMOUHUPYET
currai JIO B seconddiscrete uacrore ¢ nepesim ECJINU
cursai ooecneuuts oiHy Tpeth ECJIN curnan Bo
BTopoM ECJIU vacToTHbIil nuanazon. Takum oOpasom
Tpu curHaia Bo BropoM, ECJIN yacToTHbIN 1uana3oH
oOecniedyeH oT BToporo Mukcepa. Tpu, ECJIN curnasst
MOT'YT UCIOJIb30BaThes B yactote bandidentification
cxema TakuM o0pa3oM MO3BOJIUTh MUKPOAUCIIETYEPY
MIPaBWJIbHO WACHTU(ULIMPOBATH JUANIA30H YaCTOT
CUTHaJja, UCITyCKAEMOI'0 OT paJapHOro OPYKHUSL.
[lepBr1ii MuKCcep MOXeET ObITh 0OecrieueH, uMes
aHTHUIAPAJUIEIbHYIO JUOIHYIO Napy, TUTAEMYIO Yepes3
napy Co-CTpOrajbHOTO cTaHKa Waveguidetransmission
nuHuY, coenuHeHHble K RF n mopram curnana JIO
Mukcepa. KomiutanapHbsle TUHUM Tepeadu BOJHOBOA
o0ecnieynBaroT curHaiibl yreuku J10, umeromye
OpTOroHaJIbHBIE OTHOIIEHUS (a3bl B mopTy RF
Mukcepa. Takum 00pa3oM, MECTHBIN FeHEPATOP
curHanusupyer propagatingtoward, mopt RF otmeneH.
OTO0 OTHAeT paapHblil JaTUMK, HEOOHAPYKUMBIHA
Kpyroobopotamu IpUEMHHKA, KOTOPbIE 00ECIIEUEHBI,
4TOOBI 0OHAPYKUTh MPUCYTCTBUE PAIAPHOTO JaTUHKA.
Kpowme Toro, pagapHslii JaTYMK, MECTHBIA HCTOYHUK
CUTHaJja TeHepaTopa MOKET ObITh YCTaHOBJIEH
HacTpoeHHbIi tOthus, 0OHapy KuBaeT MpUCyTCTBUE
TaKkuX KpyroodopotoB npueMHuka. Korna
MIPUCYTCTBUE TAKOT0 KpYyroodopoTa NpueMHUKa
0oOHapy’KEHO, paJlapHbIi TaTYUK CYIIECTBYIOLIEro
M300peTeHus 00eCIeUnBaET CUTHAJIBHBIN CUTHAT U
n3mensiercs, yactora VCO curHanm3upyroT UCTOYHUK
K 4aCTOTE KOTOPbIH i SOUtSIde yacTOTHBIN IMana3oH,




may be fixed tuned tothus detect the
presence of such receiver circuits. When
the presence of such areceiver circuit is
detected, the radar detector of the present
invention provides an alarm signal and
changes the frequency of the VCO signal
source to a frequency which isoutside the
frequency range detectable by the
receiver circuit. The radar detector
periodically checks for the existence of
such receiver circuits. If areceiver circuit
is detected, the microcontroller changes
the frequency of the VCO signal to
thus'hide" the local oscillator signal until
such time that the receiver circuit is no
longer detected. The radar detector may
optionally include a vehicle on board
radar detector circuit which decodes
signals provided from collision avoidance
systems andthus minimizes the number of
undesirable false alarm signals which are
emitted from the radar detector in
response to signal s received from such
collision avoidance systems.

In accordance with a further aspect of the
present invention a method of verifying
the source of areceived laser pulse
includes the steps of receiving afirst
signal pulse, receiving a second signal
pulse, comparing the time el apsed
betweenreceiving the first and second
signal pulseswith afirst threshold value
and comparing the number of pulses
received within a predetermined time
period with a second threshold val ue.
With this particul ar technique, a method
of minimizing the number offalse alarms
generated by alaser detector in response
to el ectromagnetic interference or other
extraneous optical signalsis provided. By
counting the number of pulses and the
elapsed time between received pulsesthe
periodicity and thus the so-
calledsignature of the laser signal source
isdetermined. Thus, alaser detector
operating in accordance with this
technique is able to distinguish alaser
signal pulse emitted from alaser Sun
from alaser pulse generated from other
SOurces.

00OHapyKUMBIN KpyrooOOpOTOM NPHUEMHHKA.
PanapHelil 1aT4nK IEpUOANYECKH IIPOBEPSAET HA
CYIIIECTBOBAHUE TAKUX KPyrooOOpOTOB IPUEMHUKA.
Ecnu kpyroo6opoT npueMHuKa 0OHapyKeH,
MHUKpPOJHCIIETYEp U3MEHseT yacToTy curaaia VCO
TaKUM 00pa3oM "CKpbITh" MECTHBIN CUTHAI
reHepaTopa 10 TaKOro BpeMeHH, Korja Kpyroooopor
IpUeMHHKA OoJiblle He 0OHapy eH. PagapHeblil aTunk
MO>KET IPOU3BOJILHO BKJIIOYAaTh TPAHCIOPTHOE
CPeACTBO Ha OOPTY paapHOro KPyroodbopora
JaT4YMKa, KOTOPBIN paciim(poBbIBAE€T CUTHAJIbI,
o0Oecrie4eHHbIE OT CUCTEM IIPEA0TBpAILCHUS
CTOJIKHOBEHHs andthus, MUHUMHU3UPYET YKCITO
HEXKeJIaTeJIbHBIX JIOKHBIX CUTHAJIbHBIX CUTHAJIOB,
KOTOpBIE UCITYCKAIOTCS OT PaJIapHOro JaTYMKA B OTBET
Ha CUTHAaJIbl, IOJYy4YEHHbIE OT TAKUX CUCTEM
MIPEOTBPAIIECHUS CTOJKHOBEHHUS.

B cooTBeTCTBUM € JaTbHEMIIUM aCIIEKTOM
CYIIECTBYIOIIETO U300PETEHUS METO,T TIOITBEPKICHHSI
MCTOYHHKA MOJTyICHHOTO JIA3EPHOT'O ITyJIhCa BKIIOYACT
IIary MoJyYeHUs TIEPBOTO ITyJIhCa CUTHAA,
MTOJIYYCHHSI BTOPOTO TYJIbCA CUTHAJIA, CPABHCHHE
BpeMeHH npoTekano betweenreceivingnepssbiii 1
BTOPOH MyJIbC CUTHAJIA C TICPBBIM TIOPOTOBBIM
3HAYCHHUEM U CPAaBHEHUEM YHCJIA ITyJIhCa,
MOJIyYEHHOTO B ITPEJIeax MpeI0peIeICHHOTO
MIEPHOJIa BPEMEHHU CO BTOPHIM TIOPOTOBBIM 3HAUCHUEM.
C aroit cnenupuueckoil TEXHUK OM 00€CIIeueH METO/]
yMeHblIeHus ynciia of falsetpesoru, mpousBeieHHbIE
Ja3epPHBIM JJATYMKOM B OTBET Ha 3JICKTPOMATrHUTHOES
BMEIIATEIHCTBO WM JAPYTHE TIOCTOPOHHUE
onTHYecKre cUrHaibl. CUuTasi 4UCIo MyJibca U
3aTpayeHHOE BpPEeMs MEX Y ITOJTYUYCHHBIM Ty THCOM
MIEPHOIUIHOCTD M TAKUM 00pa3oM TaKHM-00pa3oM-
calledsignature tazepHoro HCTOYHHUKA CUTHAJIA
ompeneieHa. Takum 00pazoMm, Jla3epHbIN JaTUHK,
paboTarOIIMi B COOTBETCTBUU C ITOU TEXHUKOH, B
COCTOSTHUH OTJIMYUTE JIA3CPHBIN ITyJIhC CUTHAIA,
UCIyCKaeMblIi OT J1azepHoro CoJHIIa OT Ja3epHOro

My JIbCa, TIPOU3BEICHHOTO U3 IPYTUX UCTOYHUKOB.




BRIEFDESCRIPTION OF THE
DRAWINGS

The foregoing features of this invention
aswell asthe invention itself may be
more fully understood from the following
detail ed description of the drawingsin
which

FIG. lisablock diagram of a
combination radar/laser detector system;

FIG. 1A isablock diagram of a
combination laser/radar detector system
including apair of microprocessors;

FIG. 1B isaperspective view of a
combination radar/laser detector system
disposed in a housing;

FIG. 2 isadiagram of alaser detector
which may be used in the system of FIG.
1;

FIG. 3isatop view of alens array which
may be used in the laser detector of FIG.
2;

FIG. 3A isafront view of the lens array
of FIG. 3taken along lines 3A--3A;

FIG. 3B isafront view of the lens array
of FIG. 3taken along lines 3B--3B;

FIG. 3Cisaside view of the lens array of
FIG. 3taken along lines 3C--3C;

FIG. 3D isaschematic diagram of a
printed circuit board on which alens
array and a photodetector are disposed;

FIG. 3Eisatop view of alensarray;

FIG. 4 isaflow diagram of a portion of
the processing performed in the processor
of FIG. 1to provide an output on the

display;

FIG. 5isablock diagram of aradar
detection circuit which may be used in
the system of FIG. 1;

BRIEFDESCRIPTION PUCYHKOB

[IpenmecTByromue 0COOEHHOCTH 3TOTO U300PETEHUS
TaK K€ KaK caMoro u300peTeHus: MoryT ObITh OoJiee
MIOJTHO TIOHSITHI U3 CIIEYIOMIETO AETATEHOTO OTIMCAHMUS
PUCYHKOB B KOTOPBIA

PUC. 1 - 610Kk-cXxeMa CUCTEMBI aTYrKa pajaapalinasepa
KOMOHHAIINH;

PUC. 1A - 010K-cXemMa CUCTEMBI JaTYHNKa
nas3epal/pagapa KOMOMHAIIMHU BKJIIOYas apy
MHUKPOITPOIIECCOPOB ;

PUC. 1B - nepcneKkTUBHOE MPEJCTABIECHNUE CUCTEMBI
JaT4uKa pajgapa/masepa KOMOWHAIMH, PACTION0KEHHON
B JKUJIbE;

PUC. 2 - mnarpamma Jia3epHOTO JTaTIMKA, KOTOPBIH
MOKET UCHOIB30BaThea B cucreMme PUC. 1;

PUC. 3 - Bux cBepXy MHOXKECTBA JIMH3BI, KOTOPOE
MOJKET HCIOJIB30BaThCs B J1azepHoM natunke PUC. 2,

PUC. 3A - mepennee npencTaBieHHEe MHOKECTBA
mmu3sl PUC. 3 B3areie ¢ coboii muanu 3A - 3A;

PUC. 3B - nepeanee npeacTaBiIeHne MHOKECTBA
mmu3sl PUC. 3 B3areie ¢ coboii muanu 3B - 3B;

PUC. 3C - Bua cboky mHO)ecTBa trH3bI PUC. 3
B3sTHIC ¢ coOoi muann 3C - 3C,;

PUC. TPEXMEPHBIU - cxemaTtnueckast quarpamMma
II€YaTHOM IUIATHI, HA KOTOPOU PacIIOIOKEHbI
MHO>KECTBO JIMH3bI U (OTOAATUHK,;

PUC. 3E - Buj cBepXy MHOXECTBA JIMH3HI,

PUC. 4 - 610k-cxema yacTu 00pabOTKH, BHIIOJIHEHHON
B npoueccope PUC. 1, yTo6b1 00ecnieynTs MpoIyKLIHIO
Ha JUCILIEE,;

PUC. 5 - 610K-cxema pagapHOTO Kpyroo0opoTa
0OHapyXEHHUsI, KOTOPBIA MOXKET UCIIOJIH30BATHCS B
cucreme PUC. 1;




FIGS. 6 and 6A are plots of frequency vs.
time illustrating the relative timing of
detected signalsin the X, K and Ka
frequency bands;

FIG. 7 isaplot of frequency vs. time
illustrating the relative time separations
between a pair of detected signalsin the
X, K and Kafrequency bands;

FIG. 8isaplot of frequency vs. time
illustrating the relative timing of a JERK
signal and a pair of detected signalsfor a
received signal having a frequency in the
X-band frequency range;

FIG. 9isaplot of frequency vs. time
illustrating the timing of the JERK signal
and apair of detected signals for a
received signal having a frequency in the
K-band frequency range;

FIG. 10 isaplot of frequency vs. time
illustrating the timing of the JERK signal
and apair of detected signals for a
received signal having a frequency in the
Ka-band frequency range;

FIG. 11isaplot illustrating the sweep
periods of aradar detector having a
receiver detection mode;

FIG. 12isaplot illustrating the alarm
pattern during a V CO receiver detection
mode;

FIG. 13 isaschematic diagram of aradar
detector circuit; and

FIG. 14 isaschematic diagram of a
miXer circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIG. 1, acombination
|aser/radar detector 10 includes a laser
detector circuit 12 and aradar detector
circuit 14. Laser detector 12 and radar
detector 14 are each coupled to a
microcontroller 16. Microcontroller 16
receivessignal s fed thereto from each of

PUC. 6 U 6A - 3aroBopsl 4acTOTHI IPOTUB BPEMEHH,
WUTIOCTPUPY S OTHOCUTENbHBIN BEIOOP BpEMEHU
0OHapy»XEHHBIX CUTHAJIOB B 3TUX X, K 1 nuama3zonax
gacTtoT K&

PUC. 7 - 3aroBop 4acToThl NPOTHB BPEMEHH,
WUTIOCTPUPYS OTHOCUTENIbHBIE pa3/IelIeHNus BpEMEHU
MEX/1y Napoil 0OHApyKEHHBIX CUTHAJIOB B 3TUX X, K 1
nuarasoHamMu 4actor K&

PUC. 8 - 3aroBop 4acTOTHI MPOTUB BPEMEHH,
WUTIOCTPUPY S OTHOCUTENbHBIN BHIOOP BpEMEHU
curnaia TOJIUKA u napy oOHapy>KEHHBIX CUTHAJIOB
U1 TIOJIyYEHHOT'O CUTHAJIA, UMEIOLIETr0 YacToTy B
YaCTOTHOM JiMana3zoHe X-Tpymiibl;

PUC. 9 - 3aroBop 4acTOTHI MPOTUB BPEMEHH,
WLTFOCTpUpPYst BbIOOp BpeMenu curHana TOJIYKA u
napy oOHapy>KEHHbIX CUTHAJIOB I OJy4YE€HHOTO
CUTHaJja, UMEIOIEro 4acToTy B K 4acToOTHOro
nyana3oHa rpyIisl;

PUC. 10 - 3aroBop 4acTOThI IPOTHUB BPEMEHH,
WLTIOCTpUpPYsi BeI0Op BpeMenu curHana TOJIYKA u
napy oOHapy>KEHHbIX CUTHAJIOB I OJy4YE€HHOTO
CUTHaJja, UMEIOILEro YacTOTy B YaCTOTHOM JMana3oHe
Karpynmsr,

PUC. 11 - 3aroBop, WLTIOCTPUPYIOLINI TEPHOIbI
3a4UCTKH PAJJapHOro JaT4YMKA, UIMEIOIIEro CIoco0
oOHapy’KEeHUS IPUEMHUKA,;

PUC. 12 - 3aroBop, WIUTIOCTPUPYIOLINIA CUTHAIBHBIN

oOpaszer Bo BpeMs crioco0a 0OHapy KeHHsI IPUEMHUKA
VCO;

PUC. 13 - cxemaTudeckas tuarpaMmma pajiapHoro
Kpyroo0opoTa IaT4uKa; u

PUC. 14 - cxemaTtuueckas guarpaMmma Kpyroodopota
MHKCepa.

OIMMCAHUE ITPBUJIEI'MPOB AHHBIX
BOIUIOINEHNUN

Oo6parasice Teniepb k PUC. 1, natunk nazepal/pagapa
koMmOuHanmu 10 BKIIFOYAET JIa3epHBIA KPyrooOopoT
natuuka 12 u pagapHbiii KpyrooOopot natunka 14.
Jlazepusiii natunk 12 u pagapueiii naTauk 14 Kaxmbrid
COeMHEHBI MUKpoauceTdepy 16. MukpoaucneTuep
16 receivessignal s,muraeMbie K TOMY OT Ka)KI0TO U3
JTATYUKOB Jla3epa u pagapa 12, 14 u B oTBETE K TOMY




the laser and radar detectors 12, 14 and in
response thereto microcontroller 16
provides control signalsto the laser and
radar detectors and to adisplay 18.

Display 18 may include for example a
panel of light emitting diodes (LEDs).
Alternatively or in addition thereto,
display 18 may include aliquid crystal
display (LCD) avacuum fluorescent (VF)
or an LED segment display and the
correspondingdriver circuits. Those of
ordinary skill in the art will recognize, of
course, that other types of displays may
also be used.

It should be noted that microcontroller 16
is here shown as a single microcontroller
coupled to both the laser and radar
detectors 12, 14. Asshown in FIG. 1A,
however, in an alternate embodi ment of
detector system 10 a pair of micro-
controllersl6, 16' may be provided with a
first one of the pair being coupled to a
first one of the laser and radar detectors
12, 14 and a second one of the pair of
microcontrollers being connected to a
second one of the laser and radar
detectors 12, 14. Thechoice between
using asingle microcontroller or apair of
microcontrollers may be made according
to avariety of factorsincluding but not
limited to the cost of manufacturing the
detector system 10 having one
microcontroller compared with the cost
of manufacturing the detector system 10
having aplurality of separate
microcontrol lers.

Additionally, in determining whether to
provide the system having a single or
multiple processors, considerations such
as the speed of the microprocessor
relative the signal processing
requirements for a so-called radar
detector detector mode andthe amount of
user input/output interaction should be
taken into account. Another factor to
consider isthe amount of signal
processing overhead required to provide
visual and sound indicatorsto auser via

MUKpoucrieTdep 16, obecreynBaeT yrpaBIistone
CHUTHAJIBI ITaTYMKaM JIa3epa U pajapa 1 Ha mokas 18.

[Toka3 18 MoskeT BKIHOYATh HAIIPUMEP IPYIIITY
cBetono010B (LEDS). AnbTepHATHBHO WM KpOME
TOr0 K TOMY, OoKaxkuTe 18, MOoKeT BKIII04YaTh
KUK OKPUCTAIUTHYSCKUIN TUCTIIICH
(}KI/I)IKOKPI/ICTAHHI/ILIECKI/Iﬁ MOHUWTOP)
BakyyM™m, Guryopecuentasiii (TOHAJIBHAS
YACTOTA) umn BEJIOMbIH noka3s cermenra u
correspondingdriver kpyroo6opotsi. TakoBbie U3
OOBIYHOTO HAaBBIKA B UCKYCCTBE MPU3HAIOT, KOHEYHO,
YTO JPYTUE THITbI TOKA30B MOTYT TAKXKe
UCIIOJIb30BATHCS.

Hy>kHO 0TMETHTB, YTO MUKpOIUcTIeTYepa 16 3/1ech
MOKa3bIBAIOT KAK €IMHCTBEHHBIN MUKPOIUCIIETIED,
COCJIMHEHHBIN U Ha JaTYMKH jIa3epa v Ha pajaapa 12,
14. Kaxk nmoxazano B PUC. 1A, onHako, B
JIOTIOJTHUTENHHOM BOIUIOIIEHNH CUCTEMBI naTunka 10
nape micro-controllersl6, 16' MokHO Mpea0CTaBUTh
MIEPBBIN Mapbl, COEIUHIEMOMN Ha MEPBBIA U3 TaTYUKOB
nazepa u pagapa 12, 14 u BTopoii mapsl
MHUKPOIUCIIETYCPOB, CBA3BIBAEMBIX CO BTOPBIM M3
IaTYMKOB Jla3epa u pagapa 12, 14. Thechoice mexay
HCIIOJIb30BAHUEM €IMHCTBEHHOTO MUKPOAHUCIIETUEPA
WK TTapbl MUKPOIUCIIETYEPOB MOXKET OBITH ClICIIaH
COTJIACHO MHOKECTBY (DaKTOPOB BKIJIFOYast, HO HE
OrpaHHYEH CTOMMOCTBIO TMPOU3BOJICTBA CHCTEMBI
natyuka 10 HaIM9IKs 0JTHOTO MUKPOIMCIIETIEPA 10
CpaBHEHUIO co cTouMocThio Of manufacturingcucrema
natyrka 10 Haauums MHOKECTBA OTIEILHBIX
MHUKPOTUCIIETYEPOB.

JIOTIOTHUTENIBHO,, B ONIPEACIICHUH, 00CCTICUHUTh JIN
CUCTEMY, IMCIOIIYIO € TMHCTBCHHBIC HITH
MHOTOKPATHBIE TIPOIIECCOPBI, PACCMOTPEHHUS, TAKHE
KaK CKOPOCTh POJCTBEHHUKA MUKPOITPOIIECCOpa,
TpeboBaHusi 00paOOTKM CUTHAJIA JIJISl TAK HA3BIBAEMOTO
pamapHoro crocoba gaTdrka gaturka andthe
KOJIMYECTBO MOJIH30BATEIIECKOT0 B3aUMOACHCTBUS
BXO01a/TIPOTyKITHUH JOJDKHBI OBITH IPUHATHI BO
BHHUMaHue. J[pyrum ¢pakTopom, 4TOOBl pacCCMOTPETh
SIBJISIETCS] KOJIMUECTBO CUTHasa, 00padaThIBAIOIIETO
HaBepXYy TPeOyeMBbIii PEOCTABUTh BU3YaIbHBIC H
3BYKOBBIE MHIUKATOPBI OJIb30BaTeNto uepe3 LEDS,




LEDs, LCDs and atone generator for
example.

Since laser guns are less common and the
reaction time thereto must be faster, in
those cases where both laser and radar
alarm signals are generated, the laser
alarm signals have priority over the radar
signals.

Referring now to FIG. 1B detector 10is
shown to further include ahousing 11in
which the laser detector circuit 12, radar
detector circuit 14, microcontroller 16
and display 18 are disposed. Since radar
detector 14 protrudes farther from
thehousing than does laser detector 12,
laser detector 12 is disposed below radar
detector 14. If laser detector 12 were
placed above radar detector 14 then any
light rays emanating from arelatively
low elevation may be obstructed by the
radar detector 14and thus would not be
received by laser detector 12. Thusto
avoid having any of the field of view of
|aser detector 12 blocked, laser detector
12 isdisposed in the housing 11 below
radar detector 14.

It should be noted, however, that in some
applications it may be beneficial to
dispose laser detector 12 above the radar
detector 14. The particular placement of
radar detector 12 relative to laser detector
14 should be made such that eachdetector
12, 14 is provided having an optimum
field of view and minimum blockage or
other interference from the other detector.

A first window 72 is disposed in front of
|aser detector 12 and a second window 73
isdisposed in front of radar detector 14.
Windows 72, 73 should be provided from
amaterial which is substantially
transparent to signals having frequencies
inthe regions of interest in the
electromagnetic spectrum. Window 72
may also be provided from a material
which filters light in the lower frequency
ranges to thus reduce the effect of
background light such as sunlight and
streetlights.

LCDswu renepatop ToHa HaIrpuMep.

Tax kxak 1a3epHOE OpyKH€ MEHBIIIE PaCIPOCTPAHEHO,
U BpeMs peakliiu K TOMY J0JDKHO ObITh ObICTpEE, B
TeX CllydasX, I'ZIe ¥ CUTHAJIbI TPEBOTH JIa3epa U pajapa
IIPOU3BE/IEHBI, Y JIa3€PHBIX CUTHAJIBHBIX CUTHAJIOB
€CTb MPUOPUTET HAJl PAJTAPHBIMU CUTHAJIAMHU.

Oopamenne teneps k gatanky PUC. 1B 10, kax
MMOKAa3bIBAIOT, JJajiee BKIOYAET kuiibe 11, B KoTopoM
Ja3epHBIA KPyrooOoopoT Aatyuka 12, pagapHbiit
Kpyroo6opot natuuka 14, mukpoaucrerdep 16 u
noka3eBaroT 18, pacmonokensl. Tak kak pajgapHbIiA
natuuk 14 BeICOBBIBaeTCs aajbiie oT thehousing, uem
JieTIaeT Ja3epHblid AaTuuK 12, ma3epHblii naTank 12
PacIoyoKeH HKe pagapHoro aatuanka 14. Ecnu
Ja3epHbIid JaTduK 12 ObUT MOMENICH BBIIIE PaJapHOTO
natyuka, 14 toraa mo0bIX CBETOBBIX JIy4eH,
MPOUCXOSIIIUX OT OTHOCUTEIBHO HU3KOIO
BO3BBIILIEHUS, MOTYT OBITH 3aTPy AHEHBI paapHbIM
nataukom 14and, takum oOpa3om He ObUT OBl MOJTyYeH
na3epHbIM qaTaukom 12. Takum 06pa3zom, 4TOOBI
n30exaTh UMETh JH00YI0 00J1aCTh MPEICTABICHUS
nazepHoro natarka 12 3a0710KUpOBaHHBIX, JTa3epHBIX
JTaTIUK OB 12 pacrionioxeHsl B xuibe 11 Hinke
panapHoro natyuka 14.

Hy>HO 0TMETHTB, 0THAKO, YTO B HEKOTOPBIX
3asBJICHUAX 3TO MOJKET OBITH BBIT'OJIHO, YTOOBI
PaCTOJIOKHUTH JIA3EPHBIN TaTIMK 12 BBITIIE pagapHOTO
natuuka 14. Cneuuduueckoe pa3meleHue pagapHoro
natyuka 12 OTHOCUTENBHO Jla3epHOro naTunka 14
IIOJKHO OBITH cliejlaHo TakuM, yTo eachdetector 12, 14
oOecriedeH, Mest ONTUMATBHYI0 00J1aCTh
MIPEICTABICHUS U MUHUMAIBLHOU OJIOKMPOBKH WIIN
JIPYTOro BMEMIATENCTBA OT IPYTroro JaTYNKa.

[lepBoe OKHO 72 pacIoyOKEHO TIepeT JIa3ePHBIM
JaTIUKOM 12, M BTOPOE OKHO 73 PacIioiokKeHO TIepe/T
panapubiM gataukom 14. Windows 72, 73 nomkHa
ObITh OOecIieueHa OT MaTepHralia, KOTOPBIN
CYIIECTBEHHO MPO3payueH K CUTHAIAM, UMEIOIIM
4acToThI iNthe obsactu uHTEpeca K
AJIEKTPOMArHUTHOMY CHIEKTpY. OKHO 72 MOXET TakKe
ObITh 00ECIIEYEeHO OT MaTepuaa, KOTOpbIi GUIbTpyeT
CBET B 00Jiee HU3KUX YaCTOTHBIX JHAIa30HAX, YTOOBI
TakuM 00pa3oM YMEHbBIIHUTH AP (PEKT GOHOBOTO CBETA,
TaKOT0 KaK COJTHEYHBIN CBET U yJIMYHBIC (DOHAPH.




Referring now to FIG. 2, laser detector
circuit 12 includes alens 20 disposed
about a photodiode detector 22. Lens 20
will be described in detail in conjunction
with FIGS. 3-3C below. Suffice it here to
say that lens 20 provides the |aserdetector
12 having a particular field of view such
that laser beam incident on a surface 20a
of lens 20 are focused on photodiode 22
such that photodiode 22 provides asignal
in response thereto.

The detector signal corresponds to an
electrical signal which hereis provided as
acurrent pulse which is fed to an analog
signal processor circuit 23 at an input
port 23a. The photocurrent is capacitively
coupled to the input resistor todevelop a
signal voltage which is fed to the 1st gate
of MOSFET 24 having arelatively high
input impedance at a control electrode
24a. A second electrode 24b of transistor
24 is coupled through a DC bias circuit
26 to afirst reference

potential V .sub.REF. A third electrode
24c of transistor 24 is coupled to a
second reference potential, here provided
as ground, through aresistor R1 and a by-
pass capacitor C1.

Transistor 24 is here provided as a dual
gate metal oxide field effect transistor
(MOSFET) which may be of the type
manufactured by Philipsand identified as
part number BF998 for example. Those
of ordinary skill in the art will recognize
ofcourse that any type of transistor
having similar electrical characteristics
and capabl e of responding to the output
signal from photodiode detector 22 may
also be used. Such transistors include but
are not limited to, high electron mobility
transistors(HEMT ), bi-polar junction
transistors (BJT) or any other type of
transistor well known to those of ordinary
skill inthe art. It should be noted,
however, that transistor 24 should be
selected such that inclusion thereof does
not significantly increasethe noise figure
(NF) of laser detector 12. For example
transistor 24 is preferably provided
having a noise figure of less than about 1

Oopamasics Teneps k PUC. 2, nazepHslii Kpyroo0opoT
natuuka 12 Bkimouaet a3y 20 pacnoiosKeHHBIH 0
natauke poroaunona 22. JIunza 20 Oymeronucana
noapo6Ho B coeauaennu ¢ PUC., 3-3C Hke.

Y TOBIIETBOPHUTE 3TO 3/1€Ch, YTOOBI CKa3aTh, UTO JIMH3A
20 obecnieunBaer laserdetector 12 namiuust
crenuduueckoit 00JacTu MpeacTaBICHUS TAKUM
o0pa3oM, yTOObl MHIUACHT Ja3€pHOTo JIydya Ha
noBepxHocTH 20ammH3b1 20 OBUT COCPEIOTOYCH Ha
doTomo e 22 TakuM 00pazoM, 9ToOBI GOTOIHOT 22
o0ecneqyus1 CUTHaJI B OTBETE K TOMY.

CurHai 1aT4uka COOTBETCTBYET JJICKTPUUECKOMY
CHUTHAJTY, KOTOPBIU 3/1eCh 00€CIeueH KaK UMITYJIbC
TOKA, KOTOPBIH MUTACTCS K aHAJIOTOBOMY
KpPyrooOopoTy mpoleccopa curaana 23 BO BXOJHOM
nopty 23a. POTOMOTOK EMKOCTHO COSJTUHEH K
BXOJIHOMY pe3uctopy todevelop HanpshkeHue curHana,
KoTopoe rutaercs K 1-bim Boporam MOSFET 24
HAJTMYHUS] OTHOCUTEIIBHO BBICOKOTO BXOTHOTO
UMIIEJaHCa B AJICKTPOIe KOHTpOos 24a. Bropoit
anekTpo 24b tpan3ucTopa 24 coeIMHEH Yepe3
Kpyroo6opot ykioHa DC 26 k nmepBoii cchuike
potential vV .sub. KACATEJIbBHO Tpetwuii 31nekTpo
24c tpaH3ucTopa 24 COeJMHEH K BTOPOMY
CIIPaBOYHOMY MOTCHIIMAITY, 37IeCh 00ECIICYCHHOMY KaK
OCHOBaHHue, uepe3 pesucrop R1 u konaeHcarop
oboxoma Cl.

Tpansuctop 24 31ech 00ecieUeH Kak TBOMHOMN
TpaH3uctop hdexTa 067IaCTH OKUCH METAILIIA BOPOT
(MOSFET), KOTOpBIii MOXET HMETh THII,
npousBeaeHHbd Philipsu uaentudunmupoBanHblil kKak
yrcio BF998 wactu nanpumep. TakoBbie U3 0OBIYHOTO
HaBbIKA B UCKYCCTBE MPU3HAIOT Of COUrSe, KOTOpHIit
000# TUT TPAH3UCTOPA, UMEIOIIETO TI0I00HbBIS
AJIEKTPUUIECKHE OCOOEHHOCTH U CITIOCOOHBIN K
OTBEYAHMIO HA TPOTYKIIHIO, CATHAIU3UPYET OT
naTauka GoToaroaa 22, MOXKET TaKKe
MCTIOJIB30BaThCS. Takue TPaH3UCTOPHI BKIIOYAIOT, HO
HE OTPaHUYCHBI, BRICOKHE AJICKTPOHHBIE TPAH3UCTOPHI
noswkHocTH (HEMTS), OunosnspHbie TpaH3UCTOPBI
coemuuenns (BUIOJISIPHBIN INIOCKOCTHOM
TP AH3UCTOP) vyt HUKAKO#M APYTon THIT
TPaH3UCTOPA, U3BECTHOTO TAKOBBIM M3 OOBIYHOTO
HaBBIKa B UCKycCTBE. Hy»KHO OTMETHUTB, OJTHAKO, YTO
TPaH3UCTOP 24 TODKEH OBITh 0TOOpaH TAaKUM
00pa3oM, 4TOoObI BKIIFOYEHHUE ATOTO HE CACIIAIIO
3HAYMTENBHO | NCreasethe mymosoro uncia (NF)
nazepHoro natavka 12. Hanpumep tpansucrop 24
MIPEIMOYTHTEIIHHO 00eCTieueH, UMes IITyMOBOE YHCIIO




decibel (dB) at the operating frequencies
of interest, atransfer admittance typically
of about 24 milli siemens, aninput
capacitance at gate 24atypically of about
2.4 pico-Farads (pF) and a feedback
capacitance of 25 femto-farads.
Transistor 24 amplifies the voltage signal
developed across resistor R9 and
provides an amplified signal at drain
electrode 24b.

The amplified signal isfed from drain
electrode 24b to an input port 28aof an
integrated video amplifier/filter circuit
28. Video amplifier/filter circuit 28 may,
for example, be of the type manufactured
by Signetics and Motorola andidentified
as part number NE-592. However any
integrated amplifier/filter circuit having
similar electrical characteristics may also
be used. It should al so be noted that a
separate amplifier and filter circuit may
be used to provide the overall gainand
filter characteristics of integrated
amplifier/filter circuit 28.

Amplifier/filter circuit 28 has coupled
thereto external filter circuit components
including an inductor L1 having avalue
typically of about 100 nano-Henries (nH)
and a capacitor C2 having avalue
typically of about 100 pF. By
appropriatel ycoupling inductor L1 and
capacitor C2 to circuit 28, circuit 28 may
provide high-pass, low-pass or band-pass
filter characteristics in addition to
providing gain. In this particular
embodiment, inductor L1 and capacitor
C2 are coupled such that circuit28 is
provided having a band-pass filter
characteristic. Thus, amplifier/filter
circuit 28 rejects signals having
frequencies above and below the band-
pass region.

Here the band-pass frequency region is
between 2.0 MHz and 80 MHz. Thus
amplifier/filter circuit 28 limits
bandwidth and thus noise to therefore
increase the signal to noise ratio (SNR) of
laser circuit 12.

MeHbIIIe YeM Ipuon3uTensHo 1 nenubena (nerubern)
B OICPAIIMOHHBIX YaCTOTaX UHTEpeca, JOCTYII
nepeaavyy TUIUYHO npubausuTeasHo 24 milli siemens,
aninput eMKocTh B BOpoTax 24a TUIUYHO
npubu3uTensHo 2.4 nukodapan (pF) u emxocTsh
obpaTtHoii cBsi3u 25 femto-farads. Tpausucrop 24
YCHJIMBAET CUTHAJ HAIIPSDHKCHUS, PA3BUTHIH uepe3
pesuctop R9, u obecrieuynBaeT yCUIICHHBIN CUTHAI B
NIEKTPOjIe yTeuku 24D.

Y CUJIEHHBIN CUTHAJI TUTAETCS OT JIEKTPOJIa YTEUKHU
24b BxoaHOMY MOPTY 288 HHTEIPHUPOBAHHOTO BHICO
Kpyroobopota ycunuresst/puabtpa 28. Buaeo
Kpyroo6opot ycunutesst/Guabtpa 28 MOKeT,
HarpUMep, UIMETh THII, IPOU3BeICHHbIH Signeticsu
Moropoutoit andidentifiedkaxk HEOH gwucna yactu
592. OtHak o 1000 HHTETPUPOBAHHBIA KPYT0000pOT
ycuauTes/ GriibTpa, UMEIOIIHUH M0A00HbIe
ANIEKTPUIECKHE OCOOEHHOCTH , MOYKET TaK)Ke
MCTIOJIb30BaThCsA. HyKHO TakKe OTMETUTB, YTO
OTJIIEBHBIA KPYTroOOOpOT YCUIUTENS U GUIIBTPa
MOXET MCTIOJB30BAThCS, YTOOBI 00ECTICUUTH MOJTHBIC
ocobeHnHocTH (uibTpa gainand MHTErpupOBaHHOTO
Kpyroobopota ycunuresst/puabtpa 28.

Kpyroo6opot ycunutens/duabtpa 28 coeTuHII K
TOMY BHEIIHHE KOMIIOHEHTHI Kpyroo0opoTa huiabTpa
BKJIFOYasi KATYIIKY HHAYKTHBHOCTH L1, nMeromuii
IIEHHOCTh TUITUYHO TpuOm3uTensHo 100 nano-
Henries (nH) u kouaercatopHoro C2, uMeroIiero
[EHHOCTh TUNHYHO npudmmutensHo 100 pF.
appropriatel ycouplingkarymikoii uaayktuHoctd L1 1
koHaeHcaTopHbI C2, 4T00BI 000¥TH 28, KPyroodopoT
28 MOKeT 00ecTIeYnTh BEICOKHH MPOX 01, HU3KUI
MIPOXO0J] WJIK 0OCOOEHHOCTHU MOJIOCOBOT0 (UIIbTpa B
JIOTIOJTHEHHE K 00ECIICUSHHIO BBIT01bl. B 3TOM
creupUIECKOM BOIIONICHUN KaTYIIKa
naayktuBHOCTH L1 M koHaeHcaTopHbIi C2
COCIMHEHBI TAKUM 00pa3oM, 4ToObI Circuit28 Onin
o0ecrnie4yeH, uMesi 0COOEHHOCTh MOJIOCOBOTO (PUIIBTPA.
Taxum 00pazoMm, Kpyroodopot ycunurens/punbptpa 28
OTKJIOHSIET CHT'HAJIbl, UMEIOIIUE YAaCTOTHI BBIIIE U
HIDKE TIOJIOCHO -IIPOITY CKAOIIEH 001acTH.

31ech MOJIOCHO -MTPOITYCKaromasi 00J1acTh YaCTOTHI
mexry 2.0 MI'p u 80 MI'. Takum o6pazom
Kpyroo6opot ycunutesst/puibTpa 28 mosoc
MPOITYCKaHUs TIPEICIIOB U TAKUM 00pPa30M Iy M,
YTOOBI IOATOMY YBEJIMYUTH CUTHAJI K IIYMOBOMY
otromienuto (OTHOILIEHUE CUTHAJI - IITYM)
Ja3epHOro Kpyroodopota 12.




Amplifier/filter circuit 28 then feeds a
filtered and amplified signal to a base
electrode 30aof abipolar junction
transistor (BJT) 30. An emitter electrode
30b of BJT 30 is coupled through aDC
bias circuit 31 to the reference

voltageV .sub.REF. BJT 30 provides an
amplified signal at a collector 30c which
is coupled to output port 23b of analog
signal processor circuit 23. Thus, BJT 30
provides voltage amplification to the
signal pulse and reference voltage fed
thereto at baseel ectrode 30a. Collector
electrode 30c provides translation of
impulse signalsto logic levels and
discrimination to noise.

Output port 23b is coupled to a latch
circuit 32 at an input port 32a. Analog
processor 23 thus receives el ectrical
signals fed thereto from photodetector 22
and provides an appropriately filtered and
amplified electrical signal to latch
circuit32 at input port 32a.

It should be noted that processor circuit
23 ispreferably disposed on a ground
plane which acts as a shield and prevents
extraneous external signals from
interfering with or degrading the
operation of processor 23.

Latch circuit 32 is here provided as a
reset-set (RS) latch and may be provided,
for example, from aplurality of logic
gates. RSlatch 32 is here provided from a
plurality of complementary metal oxide
semiconductor (CMOS) NOR logic gates
36-44. Logic gate 36 has afirst input port
coupled to the signal processing circuit
output port 23b. A second input port of
logic gate 36 is coupled to ground. Logic
gate 36 feeds an output signal to a pair of
input ports of logic gate 40. Logic gate 40
hasan output port coupled to afirst input
port alogic gate 42. Logic gate 44 has a
first input port coupled to the output port
of logic gate 42 and a second input port
coupled to a microcontroller. The

Kpyroo6opoT ycunurens/gpuiabtpa 28 Toraa Kopm
(GUIbTPOBAHHBIN U YCUJICHHBIN CUTHAT Ha OCHOBHOM
anekTpo 1 30a OUITOIIIPHOTO TPAHZUCTOPA COCTUHEHUS
(BUITOJISIPHBIN [JIOCKOCTHOM

TP AH3UCTOP) 30. Dnextpoxa smutenTa 30D
BUTTOJIAPHOT O IINIOCKOCTHOT'O

TP AH3UCTOP A30 coeauneH uepe3 Kpyroooopot
ykiona DC 31 k ccpuike voltageV .sub.

KA CATEJIbBHOBunonsipHoro niockocTHOTo
tpar3uctopa 30 oOecreunBaeT yCHICHHBIA CUTHAN B
kosutekrorepe 30C, KOTOPBI COeTUHEH, YTOOBI
npou3BecTd mopT 23D aHAIOrOBOr0 KpyroooopoTa
nporeccopa curnaia 23. Takum oOpazom,
BUTIOJISPHBIV IIJIOCKOCTHOU TP AH3UCTOP
30 obecrieurBaeT yBeIHMUCHHE HATIPSHKCHUS ITYJIbCY
CUrHajia 1 ClipaBOYHOMY HAIIPSAXKCHUIO, IMTACMOMY K
tomy B baseel ectrode 30a. DiekTpoa KOUIEKIIHOHEpa
30c obecrieunBaeT MepeBo] CUTHAJIOB UMITYJIbCA K
JIOTUYECKUM YPOBHSM U JUCKPUMHUHALMU K LIy MY.

[MopTt npoaykimu 23D coenHEH K KPYyrooOopoTy
3aMKa 32 BO BXOJHOM 1opTy 32a. AHAIOTOBBII
mporeccop 23 TaKuM 00pa3oM IMoJTydaeT
AJIEKTPUUECKUE CUTHAIIBI, INTAEMBIE K TOMY OT
doTomaTynka 22, u 00eCcIeunBacT COOTBETCTBEHHO
(GUIbTPOBAHHBIN U YCUIICHHBIN 3JIEKTPUUECKHIA
CHTHAJ 3amepeTh Circuit32 Bo BxoaHoM nopty 32a.

Hy»HO 0TMETHUTB, 4TO KpyrooOopoT mporeccopa 23
MIPEAIOYTUTEIIEHO PACIIONOKEH Ha caMoJIeTe
OCHOBaHUs, KOTOPBI AEUCTBYET KaK IIUT 1
MPEMSATCTBYET MOCTOPOHHNUM BHEUTHUM CHUTHAIaM

BMEIIATHCS B WM YXY IIIUTH ONEPALNIO MPOLECCOopa
23.

Kpyroo6opoT 3amka 32 31ech o0ecrieyeH Kak
ycranoByieHHbIi B copoc (PTC) 3amM0OK ¥ MOKET OBbITH
o0ecrieueH, HapuMep, OT MHOYKECTBA JIOTHYECKUX
Bopot. PTC 3anmpaercs 32, 31eck obecriedyeH ot
MHOYKECTBA JOMOJHUTEIBHOTO METAJUTMYECK OTO
okucHoro nosynpoBoaauka (CMOS), HU noruyeckux
BOpoT 36-44. Y normueckux BopoT 36 ecTh NepBhIi
BXOJHOM MOPT, COEIMHEHHBIN K CUTHAILY,
oOpabaThIBaOIIEMy IMMOPT MPOIYKIIMHA KPYrooOopoTa
23b. Bropoii BXOIHOI MOPT JOTUYECKUX BOPOT 36
COeJIMHEH, 4TOOBI OCHOBaTh. Jlormueckue BopoTa 36
KOPMOB CHT'HAJI MIPOAYKIMH ITape BXOIHBIX TOPTOB
norudeckux BopoT 40. Jlornyeckue Bopota 40 hasan
MPOU3BOJIAT MOPT, COSAMHEHHBIN K TIEPBOMY BXOJLY,
JeprKaT JIOTHIECKHE BOPOTa B CTPOEBOH cTolike 42. V
JIOTHYECKUX BOPOT 44 ecThb NepBbli BXOAHOM MOPT,
COCIMHECHHBII MOPTY MPOAYKIIUH JIOTHYECKUX BOPOT




microcontroller provides areset signal
RSTL TCH tothe second input port of
logic circuit 44. The output of logic
circuit 44 is coupled to asecond input
port of logic circuit 42.

When latch circuit 32 receives a pulse
from processor 23, asignal having a high
logic level isprovided at alatch circuit
output port 32b. The latch circuit 32
output is held high until microcontroller
49 provides the reset signal L TCHRST
toNOR gate 44.

Referring now to FIGS. 3-3C, in which
like elements are provided having like
reference designations throughout the
several views, alens array 50 which may
be used in laser detection 12 of FIG. 2 for
example, includes aplurality of lenses
50a,50b and 50c. Each lens 50a-50c
includes first and second opposing lens
surfaces. Lens array 50 also includes a
frame 58 having three aperturesin which
lenses 50a-50c are disposed.

Lens frame 58 includes a pair of arm
regions 62, 64 each of which have apair
of mounting posts 66 (FIGS. 3B,3C)
projecting from afirst surface thereof.
Mounting posts 66 are coupled to a
printed circuit board and thus to housing
11 (FIG. 1B)to secure the lenses 50a,
50b, 50c in a predetermined position.

The lenses 50a, 50c are here disposed in
the apertures of the frame 58 such that
lenses 50a, 50c here respectively form
angles alpha and beta with respect to a
center line 61. The focal point of the
lenses 50a-50c coincide at apoint F at
whicha photodetector diode (70 FIG. 3D)
will be disposed.

Lens 50a-50c may be made from a
molded plastic material such as acrylic or
any other material having like optical
characteristics and may be manufactured
using any well known manufacturing
technique. The surface accuracy of lenses
50 should besel ected to provide the

42 v BTOPOMY BXOJTHOMY TIOPTY, COSTUHECHHOMY
MUKpoucrieTdepy. Mukpoaucmnerdep ooecreqnBaet
currai copoca RSTL TCH tothe BTopoii Bx01HO# mopT
Joruyeckoro kpyroodopora 44. Ipomykmus
JIOTUYECKOTO Kpyroobopota 44 coenMHEHA BTOPOMY
BXOJ/IHOMY HIOPTY JIOTHYECKOT0 Kpyroodopora 42.

Koraa kpyroo6oport 3amka 32 mojy4aet myJibC OT
mporeccopa 23, CHrHaJI, UMEIOIIHIA BRICOKHIA
JIOTUYECKHI YPOBEHb, 00ECIICUYCH B MOPTY MPOAYKIIUU
Kpyroobopota 3amka 32b. Kpyroo6opor 3amka 32
HPOTYKIIMU CYUTAIOTCS BBICOKUMH JI0
MuKpoaucrierdepa 49, odecrieunBaer, coOpoc
curHanmmsupytot L TCHRST toNOR Bopora 44.

Oo6pamasice teneps k 3-3C PUC., B KOTOpoM Kak
AJIEMEHTHI 00ECIICYEHBI, IMES KaK CIIPaBOYHBIC
0003HauEHHSI B TEUCHUE HECK OJIBKHX MPEICTABIICHHH,
MHOECTBO JIMH3BI 50, KOTOPBIN MOKET
WCTIOJIb30BATHCS B JIa3epHOM oOHapyxeHnn 12 u3
PUC. 2 nanpumep, BKIFOYaeT MHOXKECTBO JInH3 508,
50b u 50c. Kaxnas nunza 50a-50C BitodaeT cHavyana
Y BTOPBIE TIPOTUBOCTOSIIINE TIOBEPXHOCTH JIMH3HI.
MHuosecTBo JInH3bI 50 Takke BKIIIOYAET CTPYKTYPY 58
HAJINYHS TPEX arepTyp, B KOTOPBIX PACIIOI0KEHBI
361 50a-50c.

CrtpykTypanuassl 58 BKIIOYAET mapy o0JacTeid pyKu
62, 64 xax1bIif U3 KOTOPBHIX HIMEIOT Napy yCTaHOBKHU
nomkHocteit 66 (PUC. 3B, 3C) nmpoekTupyomumi ot
IIEPBOM MTOBEPXHOCTH 3TOr0. Y CTAHOBKA JIOJKHOCTEN
66 coeMHEeHA K ITEYaTHOM TUIaTe U TAKKMM 00pa3oM K
xwibto 11 (PUC. 1B), uro6sl obecrieunts smH3b1 508,
50b, 50c B mpemonpe e IeHHOM TOJI0KCHHUH.

Jlunazer 50a, 50C 3/1ech pacIoioKeHBI B anepTypax
CTpYKTYpbI 58 Takum o6pazom, utoObl muH3bI 508, 50C
3]1eCh COOTBETCTBEHHO C(OPMHUPOBAIH YTIIOBYIO
anb(y 1 6eTy OTHOCHTENIFHO JIMHUH 1eHTpa 61. Dokyc
a3 50a-50c copmagaer B mynkTe F B Whichaguome
¢doronatunka (70 PUC. TPEXMEPHBIX) 6y ner
PacIIONIOKEH.

JIunza 50a-50Cc MoskeT OBITH c/ieana u3
(bopMOBaBIIIETO MJIACTMACCOBOI0 MaTepHalia, TAKOro
KaK aKpuJIoBas Kpacka WId JI000# Ipyroil MmaTepuall,
I/IMGI—OHII/Iﬁ KaK OIITUYCCKUC OCO6€HHOCTI/I, U MOXCET
OBITh MPOU3BEICHA, UCITOJIB3YS JIFO0 Y0 H3BECTHYIO
TCXHOJIOTHUIO HpOI/ISBOJICTBa. HOBCpXHOCTHaﬂ
touyHocTh JinH3 50 nomxen besel ected, uToObr




detector having a desired sensitivity. One
of ordinary skill inthe art will know how
to select a particular surface accuracy in
combination with the other circuit
components such that the laser system is
provided having apredetermined amount
of sensitivity.

Here alpha and beta are each 42 degrees.
The particular angles were sel ected
according to avariety of factorsincluding
but not limited to the size of the
photodiode being used, the maximum
allowable size of array 50 as limited by
the desiredsize of the housing 11 (FIG.
1B), and the field of view whichis
desired to be covered. Theoretically, with
this configuration of lens array, asingle
photodiode can cover a 180 degree field
of view and a 360 degree field of view
can be covered with twophotodiodes and
two arrays arranged in diametrically
opposing directions as shown in FIG. 3E.

Those of ordinary skill in the art will
recognize of course that angles other than
42 degrees could also be used dependent
upon the particular packaging size
constraints and the size and el ectrical
characteristics of the photodiode used.
Furthermore, in some applications it may
be advantageous to use more or fewer
than three lenses. For example, 4 or more
lenses may be used to provide alens
array having awider field of view than
the present three lens array . Of course,
predeterminedpackage size, if the number
of lenses isincreased then the diameter of
each lens should be concomitantly
reduced to thus fit within the package
size.

It should be noted however that since a
blind spot may exist in the regions
between the lenses 50a-50c an odd
number of lenses may be preferred to
thus avoid the possi bl e existence of a
blind spot along the center line of the lens
array 50. Insome applications, however,

it may be preferred to have a blind spot
along a centerline of the lens array 20'.
Thus in such an application an even

00eCTIeunTh JaTYNK, UMEIOIIHNHN JKeTIaTeIbHY O
qyBCTBUTEIHLHOCTH. OJIMH U3 OOBIYHOTO HABHIKA B
HCKyCCTBe Oy IeT3HATh, KaK BEIOPATh CICIIM(PUIECKYIO
MOBEPXHOCTHYIO TOYHOCTh B KOMOHMHAITUH C IPYTHMHU
KOMIIOHEHTaMH Kpyroo0opoTa TakuM o0pa3oM, YTOOBI
Ja3epHas cuctema Oblia oOecrieueHa, uMest
apredetermined k0J1MuECTBO YyBCTBUTEIBHOCTH.

3nech anbda u 6eta - Kaxplid 42 CTCIICHHU.
Creuunguyeckue yriibl ObUId OTOOPAHBI COTJIACHO
MHOYECTBY (paKTOPOB BKIFOUasi, HO HE OTPaHIUYCHBI
pa3MepoM HCIOIB3yeMoro GoTo oA,
MaKCHMAaJIbHBIM JIOITYCTHMBIM pPa3MepOM MHOXECTBA
50 kak orpanuyeno desiredsizesxwiess 11 (PUC. 1B),
1 00JIaCTh MPEICTaBJICHUS, KOTOPOE JKEIaTeIbHO,
9YTOOBI OBITH OKPHITHIM. TeopeTHuecku, ¢ 3Tou
KOH(pHUTYpanyeit MHOKeCTBa JINH3bI, €TMHCTBEHHBIH
¢doTomox MoxkeT OKpeITh 180 oOacteli cTeneHu
npeacrasienus, u 360 obacreli cTerneHn
npejcTaBlIeHHUs MOTYT ObITh TIOKpBITHI twophotodi odes
U IByMsI MHO’KECTBaMH, YCTPOCHHBIMHU B
JIMAaMETPAIBHO TIPOTUBOCTOSIINX HATIPABICHUAX KaK
noka3zano B PUC. 3E.

TakoBbIe 3 OOBIYHOTO HABBIKA B HCKYCCTBE MPU3HAIOT
KOHEYHO, YTO yTJIbl KpoMe 42 cTerneHeil MOTJIH TakKe
HCITOJIb30BATHCSI 3aBHCSAIINE OT CIICIAPHISCKIX
yITaKOBOYHBIX OTPAaHUYCHHI pa3Mepa i pa3Mepa u
IIEKTPHYECKUX OCOOCHHOCTEH HCII0JIB3yEMOTO
¢dortoaroaa. Kpome TOro, B HEKOTOPHIX 3asBIICHUSIX
MO’KET OBITh BBITOTHO UCIIOJIB30BATH OOJIBIIIE HITH
MeHblIe yeM Tpu JuH3bl. Hanpumep, 4 wiu 60s1b111e
JIMH3BI MOT'YT UCIIOJIB30BATHCS, YTOOBI 00CCIICUNTh
MHO’KECTBO JINH3bI, IMEIoIIIee 00JIee MIUPOKYIO
00J1aCTh MPEICTABIICHHS YeM CYIIIECTBYIOIIUE TPH
MHOecTBa JuH3bI. Koneuno, predeterminedpackage
pa3Mep, eCITH YHCIIO JINH3 YBEIMYECHO TOT /A, THAMETP
Ka)XJI0M JIMH3BI IOJDKEH ObITh concomitantly,
YMEHBIIICHHBIM, YTOOBI TAKHM 00pa3om
COOTBETCTBOBATH B MpeJIeiax pazMepa makera.

Hy»XHO OTMETUTH OJTHAKO, YTO, TAK KaK MEpPTBas TOUKA
MOJKET CYIIECTBOBATH B 00JIACTSIX MEXTY JINH3AMH
50a-50c, HeyeTHOE YMCIIO JIHH3 MOXKET OBITh
MIPEANIOYTEHO, YTOOBI TAKUM 00pa3oM M30ekKaTh,
9TOOBI BO3MOKHOE CYIIIECTBOBAHHE MEPTBOM TOUKH
BJIOJIb JIMHUH TIEHTPA JTUH3BI BEICTporiio S0.
3agBiieHus |NSOME, 0fHAK 0, 3TO MOKET OBIThH
MIPEAMOYTECHO, YTOOBI UMETh MEPTBYIO TOUKY BIOJTH
cpenneit muHuU MHOXecTBa JIuH3BI 20'. Takum
00pa3oM B TaKOM 3asIBJICHUY Y€THOE YMCIIO JINH3,




number of lenses spaced symmetrically
about the centerline may be used.

Moreover, while lenses 50a-50c are here
symmetrically disposed about centerline
61, lenses 50a-50c need not be
symmetrically disposed. Also here each
lens 50a, 50b, 50c is provided having a
round shape, however, in some
applications other shapesmay be
preferred. For example, the lenses 50a,
50b, 50c may be provided having any
external shape if the surfaces of the lens
are provided having appropriate shapes.

Center lens 50b is here provided having a
substantial ly round shape and a diameter
typically of about 0.342 inches (in). A
first surface of lens 50b is provided
having a spherical shape and more
particularly is provided having a
spherical radiustypically of about 0.362
in. A second surface of thelens50b is
here provided having a substantially flat
shape. Such a plano-convex shaped lens
ispreferably used to avoid excessive
spherical aberration.

Side lenses 50a, 50c are provided having
substantial ly round shapes. Each lens
50a, 50c has a diameter typically of about
0.342 in afirst surface having a spherical
shape with a spherical radius typically of
about 0.394 and a secondsubstantially flat
surface opposite the spherical surface.

Each lens 50a-50c may be provided asa
unitary piece or alternatively each lens
may be provided from aplurality of
separate lenses, each arranged to provide
an overall lens. The particular number of
pieces, materials and

manuf acturi ngtechniques used to
fabricate individual lenses 50a-50c and
lens array 50 may of course be selected to
provide lens array 50 as alow cost,
durable lens array 50.

The photodiode includes as an integral
part thereof adie and alens having a
hemispherical shape disposed about the
die. Thus by taking into account

pacroJjilaraéMbIX CUMMETPUYHO O CpeJIHEN JIMHUH,
MO>KET UCIOJIb30BATHCA.

Kpowme Toro, B To Bpems kak nuH3b1 508-50C 3/1ech
CUMMETPHUYHO PACIIOJIOKEHBI O CpeHel TruHuK 61,
ma3bl 508-50C He OIDKHBI OBITH CHMMETPHYHO
pacrionokensl. Taxoke 31ech Kaxaas ua3a 50a, 50b,
50c obecrnieuena, umest Kpyriayro Gopmy, OJJHAKO, B
HEKOTOPBIX 3asBJICHHUSIX Ipyroit shapesmay ObITh
npeanoutennoi. Hanpumep, munser 50a, 50b, 50c
MOTYT OBITH 0O€cTeueHbl, UMes JIF00 Y0 BHEIIHIOO
bopMy, eciii MOBEPXHOCTH JIMH3BI 00ECIICUCHBI, UMEs
COOTBETCTBYIOIINE (YOPMBI.

Jlunza nentpa 50b 31ech obecnieueHa, umest
CYIIECTBEHHO KPYTIIYIO GOpMY U TUAMETP THITUIHO
npubausutensHo 0.342 mroiimos (B). [lepBas
oBEepXHOCTH JH3bI 50D oOecnieuena, nmest
chepuueckyto popmy u 0osee moapodHO obecreyeHa,
umes cheprueckuii radiustypicallynpudnusurensHo
0.362 B. Bropast noBepxuocth JnH3bI 50D 318CH
o0ecrieueHa, UMesl CYIIECTBEHHO TUIOCKYIO (hopMy.
Takast nMH3a MI0CK0-BhITYKJION (OpPMBI
MIPEAOYTUTEIIEHO UCTIONB3YETCs, YTOOBI N30eXKaTh
Ype3MepHOro chepruIecKoro OTKIOHCHHUS.

Jlunzer croponst 508, 50C obecrieueHsl, UMest
CYIIECTBEHHO KpYTJIbie GopMBbl. Y Kaxkaoi muH3b1 508,
50c tunm4aHo ecTh nuametp npubiamsuTensHo 0.342 B
MIEPBO TIOBEPXHOCTH, UMEIOIIEH cheprIecKyro
bopMy co chepuyecKuM pagnycoM TUITHYHO
npubausurensHo 0.394 u secondsubstantial ly mutock ot
MOBEPXHOCTH HATPOTUB CPEPUIECK O MOBEPXHOCTH.

Kaxxnas munza 50a-50c moxkeT ObITh 0O€ecTieueHa Kak
YHUTApHAs 9acTh, WJIH ajIbTEPHATHBHO KaXK/1asl JIMH3A
MOKET OBITH 0OECIIeueHa OT MHOXKECTBA OT/IEIBHBIX
JIMH3, K&KIbIA YCTPOSHHBIN, YTOOBI 00ECIeUnTh
MOJIHY10 JIMH3Y. Crenuguueckoe Yucio yacTei,
maTepuaioB 1 manufacturingtechni quesumeno
OOBIKHOBEHHE M3TOTOBIIATH OTAENbHBIE JIMH3EI 50a
50c, u muH3a BeIcTpanBaroT 50, MOXET KOHEYHO OBITh
0TOOpaH, 9TOOBI 00ECIICUNTS, JIMH3a BhICTpanBarT 50
KaK HHM3Kas [IeHa, JJINTEIbHOE MHOKEeCTBO JuH3EI 50.

@®oTOIMO T BKIIFOYAET KaK HEOThEMIIEMast 4aCTh ATOTO
YMHpaHHE U JIMH3A, pacrnojararomas Gopmy
hemispherical 06 ymupanuu. Takum oOpaszom,
MPUHUMAs BO BHUMaHUE TPEIOMIICHHE Yepe3 JIMH3Y




refraction through the photodiode lens,
lens array 50 was here provided having a
relativelyshort focal length.

In the particular embodiment described
herein, because of the electrical and
physical characteristics of the diode, an
increase or decrease in the
circumferential length of lens array 50
would fail to substantially improve the
performance of thelaser detector. Thisis
because the diode has limitations
including a particular size of diewhich
limitsthe field angle.

If, however, another photodiode having a
photodiode lens with alarger diameter
coupled thereto as an integral part of the
photodiode and a larger die size were
used, it may be advantageousto increase
the number of lenses 50a-50c in lens
array50 (e.g. from 3 to 5) to provide a
larger field of view. Furthermore, the
ratio of the lens diameter to the lens focal
length, generally referred to asthe lens
speed, has been optimized for this
particular geometry and photodiode type.
However, theparticular lens speed and
positioning of lens array 50 relative to the
photodiode i s sel ected to provide
optimum performance and depends of
course on the particular photodiode
characteristics and the maximum
allowable size of lens array 50.

Ideally, each lens 50a-50c in lens array
50 should be arranged along aline
corresponding to the circumference of a
circle having a particular radius. The
center of the circle should correspond to
the position at which the photodiode will
bedisposed. Thetota circumference may
be computed as 2.pi.R for agiven radius,
R and is equivalent to 360 mechanical
degrees. The maximum angle covered by
asingle photodiode is 180 mechanical
degrees. Two photodiodes will be
required to cover360.degree..

The maximum circumferential length
along which the lenses 50a-50c should be
disposed is predetermined and may be

dotoarona, MHOKeCTBO JTMH3BI 50 OBLIO 371€Ch
obecrieueHo, umes relativel yshort ientpansayio
IUTUHY.

B cnenmduyeck oM BOIUIOMIEHHH , OMMCAHHOM 3]1€Ch,
M3-3a DJIEKTPUUECKUX U (PU3MIECKUX OCOOCHHOCTEH
IMO/1a, YBETMYCHUE WIH YMEHBIIICHHE B
nepuepudecK o JITMHE JTMH3bI BRICTpanBaroT S50, ObuT
OBl HE B COCTOSIHMH CYIIECTBEHHO YIIYUIIUTH paboTy
thelaser natyuka. D10 - TO, HIOTOMY YTO y IMOJIA €CTh
OTpaHUYEHHSI BKITFOYAs CTICU(PUIECKUI pazMep,
YMHUPAIOT KOTOPBIN PEIeITbI IOJIEBOI YT OJI.

Ecmm, ognako, apyroi Gporoaunom, MEIONui TMH3Y
dboToanoia ¢ OOIBIINM AUAMETPOM, COSTMHEHHBIM K
TOMY, KaK, HeoTheMIIeMast 4acTh (poToroaa 1
OO0JIbIIEr0 YMUPAET, pa3Mep UCIOIb30BANICS, MOKET
OBITh BBITO/THO YBEIWYHTH dnciio JmH3 50a-50C B
nun3e array50 (aanpumep, ot 3 10 5), 4T00BI
o0ecnieyuTh OOJIBIIYIO0 00J1aCTh MPEICTABICHHUS.
Kpowme Toro, oTHOmeHe TuamMeTpa JHMH3HI K JINH3E
LeHTpalbHasl JJIMHA, BOOOIIE Ha3bIBAEMasi CKOPOCTHIO
JIMH3BI, OBUIO ONITUMHU3UPOBAHO IS 3TOM
crenuguUecKoi reoMmeTpuu 1 THNa Gporoaroa.
Onnako, theparticular ckopocTb JIHUH3bI 1
PAacIoIoKeHUE JTUH3BI BBICTPAaUBaAOT 50 OTHOCUTENFHO
dboToanona, oToopaH, YTOOBI 0OECTIEUYUTH
ONITUMAJIBHYIO Pa0OTY U 3aBUCUT KOHEYHO OT
crenuuueckux oco0eHHocTel Gporoanoaa, u
MaKCHUMAJIbHBIN IOy CTUMBIN pa3mep JIMH3bI
BbIcTpanBaoT 50.

UneansHo, kaxkgasa aua3a 50a-50¢ B nuHze
BbIcTpanBaeT 50, J0IDKeH OBITh YCTPOEH BIIOJIb JIMHUH,
COOTBETCTBYIOIIEH OKPYKHOCTH KPyTa, HUMEIOIIET0
cnenuduueckuil paauyc. LleHTp kpyra nosnkex
COOTBETCTBOBATH TOJIOKEHUIO, B KOTOPOM (POTOIHOT
oy nerbedisposed. [TosiHast OKpYKHOCTH MOXKET OBIThH
BbIUKCIICHA Kak 2.pi. R ans nanHoro paanyca, R u
AKBHBAJICHTHO JI0 360 MEXaHHUECKUX CTCTICHEH.
MakcumanbHbIN yToJl, 0XBAaY€HHBIN €IMHCTBEHHBIM
doTommoom, sBisercs: 180 MexaHUIECKUMHU
crerensmu. JIBa poroauoaa 6y xyTel cover360.degree
00s13aHBI..

MakcumaibHast iepudepudeckas JIMHa, BIOJb
KOTOPO# TOJKHBI OBITH pacnooxeHs! Tua3bl 50a-50C,
npeonpeiesieHa U MOXKET ObITh BRIPAKEHA B




expressed in mechanical degrees. By
dividing the number of lensesto be used
in the lens array into the angle
corresponding to themaximum
circumferential length along which the
lenses may be disposed, the angular
positioning of each lensis provided. Thus
where a predetermined number of lenses
are used and the maximum
circumferential length is known, the
maximum diameter of eachlens may be
computed by dividing the number of
lenses into the maximum circumferential
length. Furthermore, such computation
also provides angular spacing between
the lenses which here corresponds to an
angle of 42 degrees.

The particular spherical radius of each
lens may be selected using conventional
ray tracing techniques taking into account
spherical aberrations resulting from the
light passing through each of the curved
surfaces. The total dispersion or spreadof
the image about the focal spot should not
exceed the size of the photodiode a a
particular presel ected plane. Here the
spherical radius of the center and side
lenses have been optimized to provide
lens array 50 having desirable
performancecharacteristics. The spherical
radius of lenses 50a-50c are adjusted
such that the largest fraction of any off-
axis ray bundles should reach the active
area of the photodiode die, after being
refracted through lens array 50 and the
photodiode lens. Itshould be noted that
the window 72 (FIG. 1B) should also be
taken into account when optimizing the
spherical radius of the lenses 50a-50c.

In this particular embodiment the
response along the central axisis being
maximized. It is desirable therefore to
maximize the gain response on the center
lenswhich is accomplished by
maximizing the diameter of the center
lens. The sidelenses 50a, 50c are then
provided having a diameter as large as
possible after the diameter of the center
lens 50b has been fixed. Thusthis
embodiment may be particularly useful

MEXaHUUYECKHUX CTENeHsX. Jless YHcIio JIMH3, KOTOPhIC
Oy Iy THCIIOJIb30BAThCS B JIMH3E, BBICTPAUBAIOT B YT O,
cooTBeTCTBY O themaximummnepudepuyeckas
JUTMHA, BJIOJIb KOTOPOH MOTYT OBITh PAaCOJI0KEHBI
JIMH3BI, YTJIOBOE PACIIONOKCHUE KaXKIOW JINH3BI
o0ecnieyeHo. Takum 006pazoMm, rjie npeaonpeaeaeHHoe
YHCJIO JIMH3 UCTIOJIB3YETCS, U MaKCUMaJIbHAS
nepudepryeckas JJIMHA U3BECTHA, MAKCUMAIIbHBIH
araMeTp eachlensmosker ObITh BRIYUCIICH, SIS YHCIIO
JIMH3 B MAKCHUMAJIbHYIO TepU(EpUIECK YO JITHHY.
Kpome Toro, Takoe BHIYHCIICHHE TaK¥Ke 00eCIIeYMBaCT
YTJIOBOI HHTEPBAJI MEX]TY JIMH3AMH, KOTOPBIC 3/1€Ch
COOTBETCTBYET YIi1y 42 CTETeHE.

Crnenunduyecknii chepuyecKuid pagnyc Kaxa0u JTUH3bI
MO>KET OBITh 0TOOpaH, UCIOJIb3Ys OOBIYHBIH J1yY,
MIPOCIIEKUBAIOLIHIA METO/IbI, TPUHUMAIOIIHE BO
BHUMaHHE CepruvecKre OTKIOHEHHS, CIeTYIONIHIE U3
CBETa, MPOXO/IAIIETro Yepe3 Kaxayro U3 KPUBBIX
nosepxHocreii. [Tonnas nucnepcus uiu Spreadof
n300paKEHHE O IEHTPAILHOM IIATHE HE JIOJDKHBI
MPEBBICUTH pa3Mep GoToanoa B cenuduaeck oM
IIpeIBapuUTEIbHO OTOOPAHHOM camoJieTe. 3eCh
chepudecKkuil paanyc EHTpa U JIUH3 CTOPOHBI ObLT
ONTUMH3UPOBAH, YTOOBI 00ECTICUHTH, JINH3A
BbICTpanBarT 50 NMEIONHX jKeTaTeTbHbIX
performancecharacteristics. Chepuueckuii paauyc
a3 50a-50C npucnocobieH Takum 00pazoM, 4TOOBI
HanOoJbIIas PPaKIKs JOOBIX CBI30K Jyda BHE OCH
JOCTUTJ1a, aKTUBHAs 00J1acTh (POTOANOAA yMHUPALOT,
Oy Iy4nTIPEIOMIICHHBIM Yepe3 JIMH3Y BeIcTpauBaeT S50
u mH3a ¢oroanoaa. ltshould 6eiTe OTMEYEHHBIM, YTO
okHo 72 (PUC. 1B) nomKHO Takke ObITh IPUHSTO BO
BHUMAaHWE, ONTUMHU3UPYS CPEPUIECKUN PaIyC JTMH3

50a-50c.

B sToM crienmpuiaeck oM BOTIONICHUT
MaKCHMU3UPYETCS OTBET BAOJb [IEHTPAIBHON OCH.
XKenaTenpHO MOATOMY MaKCUMHU3UPOBATH OTBET
BBITO/IbI HA JIMH3E IIEHTPa, KOTOpasi JOCTUTHYTA,
MaKCHMHU3UPYs AUAMETp JIMH3bI eHTpa. Sidelenses
50a, 50c Torma obecrieueHbl, IMesT TUaMeTp Kak
MOJKHO OOJIBIIIE TTOCTIE TOTO, KaK TUaMETp JIMH3bI
tierTpa 50b 011 yecTanosieH. Takum 00pa3om 310
BOILJIOIICHHE MOXET OBITh OCOOCHHO TIOJIE3HBIM, KOT 12
JIa3epHbIN CUTHAJ, KOTOPBIN Oy 16T 0OOHApYIKEH,
CYIIECTBEHHO MPUE3KAET AT OCh.




when the laser signal to be detected is
substantial ly along this axis.

In other applications, however, it may be
desirable to provide each lens 50a-50c
having equal diameters or even to
provide the side lenses 50a, 50c having
larger diameters than center lens 50b.

Referring now to FIG. 3D, aportion of
lens array 50 is shown disposed on a
printed circuit board 68 on which a
photodetector 70 and a plurality of
electrical components 79 are also
disposed. A window 72 is disposed about
an outer surface of thelens. Lens array 50
focuses light incident thereon onto the
photodetector 70 such that photodetector
70 provides an electrical signal in
response to the light signal fed thereto.

As mentioned above, lenses 50a, 50b are
disposed in apertures of frame 58 having
side sections 62, 64. Each side section 62,
64 has a pair of posts 66 projecting from
asurface thereof. The printed circuit
board 68 has a corresponding pair ofholes
in which the posts are disposed.

Posts 66 may be press fit to the printed
circuit board and then fastened to the
printed circuit board using a sonic
welding technique or any technique well
known to those of ordinary skill in the
art.

Referring now to FIG. 3E alens array 50'
includes afirst plurality of lenses 504,
50b" and 50c’ each having first and
second opposing lens surfaces. Lenses
50a-50c" are disposed in aframe 58'.
Lensarray 50" also includes a
secondplurality of lenses 50a", 50b" and
50c" each having first and second
opposing lens surfaces. Lenses 50a"-50c"
are disposed in aframe 58".

Frames 58', 58" each include mounting
posts 66', 66" projecting from afirst
surface thereof. Mounting posts 66', 66"
may be coupled to a printed circuit board
and a housing secure the lenses 50a’-50c'

B npyrux 3asBiaeHusx, 0JHaK0, MOXKET OBIThH
KemaTebHo o0ecneunTh Kaxmyro a3y S0a-50C
HaJIN4Yune paBHI)IX )II/IaMCTpOB WJIN JaxKe O6€CH€‘H/ITL
31 cTopoHb! 508, 50C Hamu4re 6oIBIIIX
JMaMeTpOB YeM JinH3a 1ientpa 50b.

Ob6pamascs teneps kK PUC. TPEXMEPHOMY, wactu
JUH3BI BeICTpanBaeT 50, oka3aH pacIioyIoKEHHBIM Ha
MeYaTHOU Tu1aTe 68, Ha KOTOPOM TaKXKe PACIIOJIOKEH
doTomatyrk 70 ¥ MHOXKECTBO DJICKTPHUCCKUX JeTalIeh
79. OKHO 72 pacrooKEeHO O BHEIIHEH MOBEPXHOCTH
thelens. MuoskecTBo smH3b1 50 IIEHTPOB OCBEIIAIOT
WHITUICHT Beiie 3a TeM Ha ¢otogaTauk 70 Takum
obpa3om, uToOsI poTomatauk 70 obecreym
AJIEKTPUYECKUM CUTHAJI B OTBET Ha CBETOBOM CHUTHAJ,
IIUTAEMBII K TOMY.

Kak ynomsinyTto Bbimie, tua3sl 508, 50b pacmonosxens
B aliepTypax CTPYKTYpPbI 58 CeKIuil CTOPOHBI HATUYHUS
62, 64. Y xaxnoi cexiuu 62 cTopoHsl, 64 ecTh mapa
JOJDKHOCTEH 66 MpOeKTHPOBAHMUS OT IOBEPXHOCTH
3TOrO. Y TIe4aTHOH TUIAThl 68 eCTh COOTBETCTBYIOIIAS
napa ofholes, B KoTopoM pacmosioKeHb! T0JIKHOCTH.

JlomkHOCTH 66 MOTYT OBITH 3aIPECCOBKOM K MEYaTHOM
IJIaTe ¥ 3aTE€M 3aKPEIUICHHBIN K I€YaTHOM IUIaTe,
UCII0JIb3YS1 3BYKOB YO CBAPOYHYHO TEXHUKY HITH

00 Y0 TEXHUKY, U3BECTHYIO TAKOBBIM U3 OOBIYHOTO
HaBbIKa B HCKYCCTBE.

Oo6pamenne teneps kK PUC. 3E, mHOKecTBO mun3BI 50'
BKJIIOYAET IepBoe MHOXeCTBO JinH3 50a, 50b' u 50¢'
Ka)JIbIil UMEIOIINI CHaYaja U BTOpast
MIPOTHBOCTOSINAS JIMH3A MOsBIIsIIOTCS. JIa3e1 50a -
50C' pacrosiokeHsl B CTpYKType 58'. MHOX)eCcTBO
nua3el 50" Takke Briroyaer secondplurality muas 508",
50b" 1 50C" kaxapIii UMEIOIIHIA CHAaYaNIa U BTOpas
MIPOTHBOCTOSINAS JIMH3A MosiBIIsitoTCs . JIma3er 50a"'-
50c" pacniosnioxkeHsl B cTpykType 58".

CtpykTyps 58', 58" kaxxpIii BKIIFOYaeT
[MOBBIIIAIOIINECS TODKHOCTH 66', 66"
MPOCKTUPOBAHUSI OT MEPBON TTOBEPXHOCTH 3TOTO.

VY craHoBKa oTIIpaBiisieT 66', 66" MoxeT ObITh
COCJIMHEH K MIeYaTHOM IJIaTe, U JKUIIbe 00CCTICUNBAIOT




and 50a'-50c" in a predetermined
positionas described above in conjunction
with FIGS. 3-3D.

The lenses 50a’, 50c¢' are disposed in the
frame 58' such that lenses they
respectively form angles .alpha’ and
Jbeta." with respect to acenter line 61'.
The focal point of the lenses 50a-50c'
coincide at apoint a which a
photodetector diode70' is disposed.
Similarly, lenses 50a", 50c" are disposed
in the frame 58" such that lenses they
respectively form angles .alpha." and
Jbeta." with respect to center line 61'. The
focal point of the lenses 50a"-50c"
coincide a a point a which
aphotodetector diode 70" is disposed.

Lens 50a-50c" may be made from a
molded plastic material such as acrylic or
any other material having like optical
characteristics and may be manufactured
using any well known manufacturing
technique. The surface accuracy of the
lenses50a’-50c" should be selected to
provide the detector having a desired
sensitivity. One of ordinary skill inthe art
will know how to select a particular
surface accuracy in combination with the
other circuit components such that the
laser system isprovided having a
predetermined amount of sensitivity.

Theoretically, by disposing photodiodes
70" and 70" and lenses 50a-50c¢' and
50a"-50c" in diametrically opposing
directions as shown in FIG. 3E, laser
light can be detected over a 360 degree
field of view.

FIG. 4 shows aflow diagram of the
processing performed in microcontroller
49 (FIG. 2) of detector module 12 (FIGS.
1 and 2) to produce an output on display
18 (FIG. 1). Inthe flow diagram, the
rectangular elements (typified by element
100)herein denoted "processing blocks®
represent computer software instructions
or groups of instructions. The diamond
shaped elements (typified by element 82)

mua3el 50a'-50c¢' u 50a"-50¢" B npegonpeneacHHOM
positionas, onrcaHHOM BBIIIE B COSTUHEHNH ¢ 33-
pumu PUC..

Jlunser 50a, 50C' pacmonoxeHsl B CTpyKType 58'
TakuM 00pa3oM, YTOOBI JIMH3bI OHU COOTBETCTBEHHO
copmupoBanu yrisLapha' u.beta ‘'orHocuTensHO
muHUK eHTpa 61'. ®okyc a3z 50a'-50C' coBmamaeT B
MTyHKTE, B KOTOPOM PAcCIoIO’KeH (POTOIATINK
diode70'. Touno Tak xe sma3sr 508", 50
PacmoJIoKeHbI B cTpyKType 58" Takum 00pazom,
YTOOBI JIMH3bI OHU COOTBETCTBEHHO C(HOpPMHUpPOBAIU
yraeLalpha "u.beta” otHocureapHO MMHUY HIEHTpa
61'. ®okyc mua3 50a"-50C" coBmagaer B myHKTE, B
KOTOpOM pacnoJjioxen aphotodetector muos 70".

Jlunza 50a'-50c" mMosxeT OBITH c/ienana u3
(hopMOBaBIIETO MIACTMACCOBOIO MaTepHalia, TAKOTO
KaK aKpuJIoBas Kpacka WId JI000# Ipyroil MmaTepuall,
UMEIOIIUI KaK ONTUIECKUE OCOOSHHOCTH , U MOYKET
OBITh MPOU3BECHA, MCIIOJIB3YS JIFO0 Y10 H3BECTHYIO
TEXHOJIOTHIO TTPOM3BOIcTBA. [ToBepXHOCTHAS
touHocTh lensesb0a -50c" nomkHa ObITh 0TOOpaHa,
9TOOBI 00ECIICUNUTD JATYNK, UMEIOIIUHN KeTaTeTbHY IO
qyBCTBUTEIBHOCTh. OJIUH U3 OOBIYHOTO HABBIKA B
HCKyCCTBe Oy IeT3HATh, KaK BEIOPATh CIICIIM(PUIECKYIO
MTOBEPXHOCTHYIO TOYHOCTh B KOMOHMHAIINY C APYTHMH
KOMIIOHEHTaMH KpyTroo00opoTa TakuM 00pa3oM 49To
na3epHas cucrema i Sprovided Hannune
IIPEIONPEICTICHHOI0 KOJUYECTBA YyBCTBUTEILHOCTH.

Teopernueckwn, pacronaras ¢poroauost 70" u 70" u
mua3bel 50a'-50c¢' u 50a8"-50¢" B muameTpaibHO
MPOTHBOCTOSIINX HAMPABJICHUAX KaK MOKA3aHO B
PUC. 3E, na3zepHblii CBET MOXET ObITh OOHAPYKEH 110
360 o6acTsM CTereHH MPeICTaBICHUS.

PUC. 4 nokassiBaeT 0J10K-cxeMy 00paboTKH,
BBINOJIHEHHOM B Mukpoaucnerdepe 49 (PUC. 2)
Moy st natunka 12 (PUC. 1 U 2), utoOblI mpousBecTu
poayKIHIO, NeMoHcTpupyomyocs 18 (PUC. 1). B
OJIOK-CXEME TPSMO YT OJIbHBIE YIIEMEHTBI
(cumBosm3upoBanHblit 3nemenToM 100) 31ech
o0o3Ha4YeHHbIE "010KH 00pabOTKU" MPEACTABIIAIOT
MHCTPYKIMH IPOrPAMMHOTO 00ECIICUeHHS WITH
TPYIIBI KHCTPYKIUH. AnMa3 chopMHUPOBAIT AJIEMEHTHI
(cumBOJIM3UPOBAHHBIH 51eMeHTOM 82) 371ech,




herein denoted "decision blocks"
represent computer software instructions
or groups ofinstructions which affect the
execution of the computer software
instructions represented by the processing
blocks. The flow diagram does not depict
syntax or any particular computer
programming language. Rather, the flow
diagram illustrates thefunctional
information one skilled in the art requires
to generate computer software to perform
the processing required of
microcontroller 49 (FIG. 1). It should be
noted that many routine program
elements such as initialization of loops
and variablesand the use of temporary
variables are not shown.

Turning now to FIG. 4, after an
initialization procedure is concluded the
system implements a loop in which laser
detector 12 waits to receiver laser pulses
as shown in decision block 82. If no
pulses were received then processing
continues tothe remainder of the program
during which time user interfaces and the
like are serviced as shown in processing
block 114. In processing block 114, the
program generates audio tones, drives
display LEDs and senses switches for
user input.

However, if pulses were received then a
pair of timers are simultaneously started.
The laser detector checksto seeif afirst
one of the pair of timersisrunning as
shown in decision block 86. If the first
timer is not running, then the firstand
second timers are re-started as shown in
processing blocks 88, 90.

The first and second timers run for
predetermined periods of time which are
sel ected based upon the characteristics of
the laser gun. For example if the laser
gun emits pulses at frequencies between
100 Hz and 1 KHz, then the first and
secondtimers should preferably be
provided having periods of ten (10)
milliseconds (msecs) and one (1) msec
respectively.

0003Ha4YeHHbIE "OJIOKU pelIeHUs] MPEeACTaBIISIOT
WHCTPYKIMH POTPAMMHOTO 00eCTICUeHUS HITH
rpymisl OfiNStructions, koTopele 3aTparuBarT
BBITIOJIHEHHE HHCTPYKIHI TPOTPaMMHOTO
oOecriedeHusl, MpeICTaBICHHBIX OJI0KaMu 00pabOTKH.
biiok-cxema He U300paXkaeT CUHTAKCUC WM JIF0OOH
crenupuueckuil s3bIk nporpaMmupoBanus. Ckopee
omok-cxema mwntroctpupyet thefunctional
nH(pOpPMaLIKIO, KOTOPYIO OJJTHO KBATU(PHUIIMPOBAHHOE B
HCKYCCTBE 3aIPalINBAET, YTOOBI IPOU3BECTH
porpaMMHOe oOecriedeHue, YTOObI BBIIOJIHUTD
00paboTKy, Tpedyemyto Mukpoucrnerdepa 49 (PUC.
1). Hy»HO OTMETUTB, YTO MHOTO OOBIYHBIX 3JICMEHTOB
MPOTPaMMBI, TAKUX KaK WHUIHATH3ANS MTETeNb U
variablesanducnosnb30Banue BpeMEHHBIX TIEPEMEHHBIX
HE TTIOKa3bIBAIOT.

[ToBopauuBasce Teneps k PUC. 4, nocne Toro, kak
Ipoueaypa UHULIMAIU3A1H 3aBepIleHa Opy Ius
CUCTEMBI TIETJIsI, B KOTOPOH Ja3epHbIi Jatduk 12 ket
K IyJIbCY JIa3epa MpUEeMHHUKA KaK M0Ka3aHo B OJIOKe
pemenust 82. Ecin HUKaK O Iy J1bC HEe OBLT MOJTyYeH,
3ateM oOpabatsiBasi, mpogopkaet tothe ocratok ot
IIPOrpaMMbl, BO BpeMsl KOTOPOH MOJIb30BaTENbCKHE
uHTEp(deichl BpeMEHU U T.I1. 00CITYKUBAIOTCS KaK
nokasaHo B o0padotke Onoka 114. B o6paboTtke Os0ka
114, nporpamma npou3BOIUT 3BYKOBbIE TOHBI, IOKa3
neuratesneit LEDS u Beikimrouarenu 4yBCTB 11t
10JIb30BATEIBCKOr0 BX0/1a.

OnHako, eciu myJibc ObUT MOJIYYeH TOTAa, Iapa
TaiiMepoOB OJHOBpEMEHHO Hadata. JlazepHble
NPOBEPKH TATYUKA, YTOOBI BUJCTh, OCKUT JIM TICPBBI
napsl TAKMEPOB KaK MOKa3aHO B PEIICHUH, OJIOKHPYIOT
86. Ecnu BepBbie npuexasiuuii He 6exurt, To firstand
BTOpbIC TaiiMephbI Mepe3anyIieHbl KaK MOKa3aHo B
obpadoTtke 6;10k0B 88, 90.

[lepBrie 1 BTOpBIE TaliMepbl OETYT 3a
npeonpeAeICHHBIMEI POMEXYTKaMU BPEMEHH,
KOTOpBIE 0TOOpaHbl OCHOBAaHHBIE HA OCOOCHHOCTSIX
nazepHoro opyxus. Hampumep, eciu nazepHoe
OpyKHe UCITyCKaeT ImyJibc B yacTotax Mexy 100 ri u
1 KTI'L1, To mepBoe u Secondti mers 1omKHbI
HPE/NOYTUTEIBHO OBITh 00CCIICUSHBI, UMEs TICPHOTbI
necsitu (10) mumrcexynn (MSecs) u oaua (1) mc
COOTBETCTBEHHO .




One msec is the period of time by which
1 KHz pulses are spaced, while ten msec
isthe period of time by which 100 Hz
pulses are spaced. Thus, in this example
where the laser gun emits pul ses at
frequencies between 100 Hz and 1 KHz,
if the firstand second timers each start a
atime designated T.sub.0 and another
pulse is received before the 1 msec timer
has expired then the frequency of
repetition isover 1 KHz and the system
can conclude that this laser pulse did not
emanate from a laser gunhaving the
predetermined characteristics.

Similarly, if asubsequent pulse arrives
and the 1 msec timer has expired but the
10 msec timer has not yet expired then
this indicates the repetition rate is less
than 1 KHz but greater than 100 Hz. Thus
in this case the system should
recognizethat the pul ses are received
from alaser gun.

If both timers have expired then the
frequency is less than 100 Hz and the
system can conclude that the pulses are
not from alaser gun having the requisite
characteristics. Thusif the pulse periods
aretoo short (e.g. less than 1 msec) or
thepulse periods are too long (e.g greater
than 10 msec) then logic circuitry, for
example microprocessor 16, associated
with the laser detector rejects the pulses
as not being emitted from a laser gun.
Thus, if the receiver receives a
continuous stream ofpul ses and the
stream of pulsesfail to have appropriate
characteristics then an alarm signal would
not be generated.

Thus, in this example arecognition
window between 100 Hzto 1 KHz is
established by checking apair of timers.
By using apair of timers to establish the
recognition window and by counting
pulses, this method increases noise
immunity and signalrecognition of the
laser gun signature.

It should be noted that timers may be set
at values other than 1 msec and 10 msec.

OpHa MC - IPOMEXYTOK BPEMEHH, KOTOPHIM
pacmnionaraercs myJsisc Ha 1 KI'L], B To Bpems kak
JIECATH MC - TIPOMEXKYTOK BPEMEHH, KOTOPBIM
pacnonaraercs myJsbe Ha 100 ri. Takum o6pa3om, B
3TOM IIPUMEPE, TJIe Ja3epHOE OPYKUE UCITYCKALT
mybc B actotax Mexay 100 ro u 1 KI'L, ecin
firstand BTopsie TaiiMepbl KaX10e Ha4Yaso 3a OJIHH pa3
ompeaessuio T.sub.0u apyroii myibe, moaydeH
npex/e, 4yeM Taiimep Ha 1 Mc UCTeK Toraa, 4acToTa
noBTopenust cocrarisier BOJIEE UEM 1 KT'LL, u
CHCTEMa MOXKET 3aBEPIIHTh, YTO 3TOT JIA3EPHBIH MMy JIHC
HE MPOUCXOIMII OT Jlazepa gunhaving
MpeonpeIeICHHBIE 0COOECHHOCTH .

TouHo Tak *xe, eciy MOCIeNYIOINN My JIhC MPUOBIBAET,
u Taiimep Ha 1 Mc uctek, Ho Taiimep Ha 10 Mc emie He
UCTEK TOTJ1a, 3TO YKa3bIBAET, YTO HOPMa OBTOPEHUS
coctaByisier MEHBIIE UEM 1 KI'1l, Ho 60mbI11e uem
100 r1. TakuM 00pa3oM B 3TOM CIlTydae CUCTeMa
noJpKeH recognizethat myJibc mosmy4daThes OT
JIa3€pHOT0 OPYKUSL.

Ecam o6a Taiimepa UCTEKIIM TOT1a, 4acTOTa
coctasiszeT Menblre ueM 100 11, 1 cucteMa MOYKET
3aBEpUINTb, YTO ITyJIbC HE OT JIA3EPHOI0 OPYKUS,
HMEIOLIET0 HEOO X 0JMMbIE OCOOEHHOCTH . TakuM
o0pa3oM, eciiM MepHOIbl My JIbCa CIUIIKOM KOPOTKU
(manpumep, MeHbIe yeM 1 mc), wiu thepulse nepuo bt
SIBIIAFOTCS CIUIIKOM JUTHHHBIMU (HarpuMep, O0JIbIine
gyeMm 10 Mc) Torna jorudeckasi cxema, Hanpumep
MUKpornporeccop 16, cBsi3aHHBIH ¢ JIa3epHBIM
JATYUKOM OTKJIOHSIET ITyJIbC KaK HE UCITYCKAeMbIH OT
Ja3epHOro opyxus. Takum 00pa3om, eciau IPUEMHHUK
MOJIy9aeT HeMpepbIBHBIN MOTOK Of pul SES, 1 moToK
IyJbCa HE B COCTOSIHUM UMETh COOTBETCTBYIOIINE
0COOEHHOCTH TOT'[a, CUTHAJILHBIN CUTHAJ HE ObLI OBl
IIPOU3BE/JIEH.

Takum o6pa3om, B 3TOM IIpUMeEpPE OKHO MTPU3HAHUSA
mexry 100 rio x 1 KT'L] ycraHoBIJIeHO, TpOBEpsIs TIapy
TaiiMepoB. [Ipu uCnoIb30BaHNM NTapbl TAIMEPOB,
9TOOBI YCTAHOBUTH OKHO TIPU3HAHUS U CYHUTAS ITYJIBC,
3TOT METO/1 YBEJINYMBAET LIIyMOBYIO
HEMPUKOCHOBEHHOCTH U Signal recognition tazepHoit
TIOIITUCH OPY KU

Hy»Ho oTMeTuTH, 4TO TaliMepbl MOT'YT ObITh
yCTaHOBJICHBI 3a IIeHHoCTH KpoMme 1 mc n 10 mc. B




In some applications it may be desirable
to set the first timer to be longer than ten
msec. For exampl e thirteen msec may be
used. In other applications,however, it
may be desirable to set thetimer at less
than ten msec. For example 7 msec may
provide an optimized result.

Similarly the second timer may be
provided having atime longer or less
than one msec. For example 0.5 msec or
2 msec may be used. Suffice it to say that
the particular values of timer constants
may be provided such that the receiver
isprovided having optimum detection
characteristics.

After the first and second timers are reset
in processing blocks 88, 90 processing
continues to processing block 92 where a
pulse counter is reset. After the pulse
counter is reset, processing continues to
the remainder of the program as shownin
processing block 114.

If in decision block 86 decision is made
that the first timer is running, then
processing continues to decision block 96
where it is determined whether the
second timer is also running. If the
second timer is running then processing
continuesthrough processing blocks 88-
92 as described above. However, if the
second timer is not running, then
processing continues to decision block 98
where it is determined whether the
received pulseisthe second pulsein a
stream of pulses.

If the received pulse is the second pulse
which has been received then, as shown
in processing block 100, the pulse period
of thefirst pulse is computed from the
first timer and processing continues to the
remainder of the program as shown
inprocessing block 114.

The pulse period is computed by
measuring the time between the leading
edges of two consecutive pulses. Thus,
the pulse period of thefirst pulseis
computed by measuring the elapsed time

HEKOTOPBIX 3asBJICHUASX MOKET OBITh JKeIaTeIbHO
3aCTaBUTH BIIEPBbIE MTPUEXABILIEro ObITH OoJiee
JUTMHHBIM YeM JIecsTh Mc. Hamprumep TpuHaauaTh Mc
MOT'YT MCIIOJIB30BaThCs. B NMpyrux 3asBIeHUX,
OJTHAKO, MOXET OBITh JKEIAaTeIHHO YCTAHOBHUTH TaliMEp
B MEHbIIIE YeM JiecsiTi Mc. Hampumep 7 Mc MoryT
00eCTIeunTh ONITUMHU3UPOBAHHBIN PE3yJIbTAT.

Taxk >xe BTOpo# TaliMep MOKeT ObITh 0OecieueH, uMest
BpeMsl J0JIbIlIE€ WM MEHbIIEe yeM ojiHa Mc. Hanpumep
0.5 Mc i 2 MC MOTYT UCTIOJTB30BATHCSI.

VY 10OBJIETBOPUTE 3TO, UTOOBI CKA3aTh, UTO
crenuQuuecKre HEeHHOCTH KOHCTAHT TaltMepa MOTyT
ObITh OOECTIIeYeHbI TAKUM 00pa30M 4TO MPUEMHHUK
iSprovided Hanu4Ke ONTUMAITBHBIX 0COOCHHOCTEH
OOHapYKEHHUS.

ITocne Toro, Kak epBble U BTOPBIE TAMEPbI
niepe3arpykeHsl B 00padoTke 610koB 88, 90
00paboTOK Mpo10JDKarTCs K 00padoTke 01oka 92, riue
NPUIIABOK ITyJibca nepe3arpysken. [locie Toro, kak
MIPUJIABOK ITyJIbCa Mepe3arpyskeH, o0padoTka
MPOJIOJDKACTCS K OCTATKY OT MporpaMmbl kKak shownin
oOpabaTeiBaromumii 6710k 114.

Ecmu B O61oke penenns 86 pemeHui mpuHATHI 3TO,
BIIEPBBIE MTPUEXABIINN O€KUT, TO 00paboTKa
poJIoJnKaeTes K 00Ky pernerust 96, riae 3To
orpejiesieHo, 0€XXUT 11 BTOpoil TaiiMep Taxoke. Eciu
BTOPOI TaliMep ympasJisieT Toraa oopadoTkoit
continuesthrough o6pa6arsiBaromue 6;10ku 88-92 kak
onucaHo BbilIe. OIHAaKO, €CIM BTOPOH TailMep He
0eXUT, TO 00paboTKa MPOJIOJKAETCS K OJIOKY
penrenus 98, 1€ 3TO ONpeaeNIeHO, ABISETCS TN
MOJTyYEHHBIH ITyJIHC BTOPBIM ITyJIHCOM B TIOTOKE

Ty JIbCA.

Ecau nosry4eHHbIN IyJIbC - BTOPOU ITyJIBC, KOTOPBIN
ObLI MOJTyYeH TOT/1a, Kak [oKa3aHo B 00paboTke Oi10Ka
100, nepro My 1bca MepBOTO IYJIbCA BBIYUCICH OT
MepBOro Taiimepa, 1 00padboTka Mpoa0HKACTCS K
OCTAaTKy OT ITPOrpaMMbI KaK MOKa3aHo i NProcessing,
osokupytot 114.

[lepuon myJibca BBIUNCIIEH, U3MEPSIS BPEMS MEXKIY
IIEPEHUMH KpPassMM JIBYX I1OCJIEJOBATEIBHOIO 1Y JIbCA.
Takum oOpas3om, epuo/ MmyJjibca NEPBOro MyJjbca
BBIYHMCIICH, U3MEPSS 3aTPAYCHHOE BPEMS MEXKIY
oOHapy’KEHHUEM NepEeHEr0 Kpas EPBOro MyJbca




between detecting the leading edge of the
first pulse andthe leading edge of the
second pulse. Once the first pul se period
is established, all future pulse periods are
compared to it taking into account a
threshold value. This processis repeated
until anew first pulseisagain received
and the processingstarts over.

If in decision block 98 decision is made
that thisis not the second pulse, then
processing continues to decision block
104 where it is determined whether the
period between received pulsesiswithin
a preselected threshold value. If the
periodis not within the threshold value,
then the system concludes that thisis not
avalid laser pulse signal and processing
continues to processing blocks 88-92 as
described above.

Thus on the next received pulse and on
all subsequent pulses the periods are
compared with the period of the first
pulse. The subsequent pul se periods need
not be identical to the first pulse period,
rather, they merely need to be within
apredetermined threshold value of the
first pulse period. Thus the subsequent
pulse periods can differ from the first
pulse period by a predetermined amount.
This predetermined amount corresponds
to the threshold value which may be an
empiricallyderived constant value based
on the signature of a laser gun.

If the period is within the threshold value
of thefirst pulses, then processing
proceeds to processing block 106 where
the pulse counter is incremented.
Processing then proceeds to decision
block 108 where it is determined whether
the number ofrequired pulses has been
received. If the number of required pulses
has not been received then processing
continues to processing block 114 where
the remainder of the program is executed.

If the number of required pulses has been
received then processing continues to
processing block 112 where alaser alarm
signal is generated. Processing then

andthe nepeuuii kpaii BToporo myJibca. Kak Toabpko
NIEPBBI IEPHO/T ITyJILCA YCTAHOBIICH, BCE Oy AyIIne
MIEPHO/IBI ITyJIECA [T0 CPABHEHHIO C HUM
NPUHAMAIOIINI BO BHUMAHUE MMOPOrOBOE 3HAUCHUE.
DTOT npoLecc MOBTOPEH, [MOKA HOBbIN MEPBbI MMy JIbe
CHOBA HE IMOJIyueH U Processi ngstarts.

Ecmu B 61oke penenuns 98 pemeHuit MpuHATHL 3TO, 3TO
HE BTOPOM IyJIbC, TO 00pabOTKa MPOI0JDKACTCS K
oJstoxy perrenus 104, ryie 3T0 ONpeIeICHO, SBISICTCS
T TIEPHO MEXKTy TIOJTyYEHHBIM ITyJIbCOM B TIpe/Ieiax
MPEIBAPUTEIHHO OTOOPAHHOTO TIOPOTOBOTO 3HAYCHHUS.
Ecnu periodisHe B nipe/ieniax moporoBoro 3Ha4eHusl,
TO CHCTEMA 3aBEPIIAET, YTO ITO HE ICUCTBUTEIIbHBIN
Ja3epHbIN CUTHAJ IyJibca U 00paboTKa, MPOI0IKACTCS
K 00paboTke 6710k0B 88-92 Kak OMHMCaHO BBIIIE.

Takum 00pa3oM Ha ClIeAYIOIIEM MOy YCHHOM MY JIbCe
Y Ha BCEM TI0CJIC Iy FOILIEM Ty JIbCE IEPUO/IbI 110
CPaBHEHUIO C MIEPHOIOM MIEPBOTO ITyJIbCa.
[Tocnenyromue nepuoapl myabca He JOJKHBI OBITh
UJICHTUYHBIMU TICPBOMY MEPHO/IY TYJIbCa, CKOPEE OHU
IpOCTO JI0JDKHBI OBITH B Tipeesax apredetermined
MOPOTOBOr0 3HAYCHHMS TIEPBOTO MEPUO/IA MTYJIbCA.
Takum 00pa3oM mocieyoIKe epHo bl My JIbca
MOT'YT OTJIMYAThCS C IEPBOTO TIEPHO/Ia Iy JIbca
npeonpeieICHHBIM KOJMYECTBOM. ITO
npeonpeIeICHHOE KOIHNYECTBO COOTBETCTBYET
MOPOTrOBOMY 3HAYCHHIO, KOTOPOE MOXKET OBITh
empiricall yderivednocTossHHO# 1IEHHOCTBIO,
OCHOBAHHOM Ha MOJIHUCH JIA3EPHOTO OPYKHUSIL.

Eciu mepuon B mpeieiax moporoBoro 3HaueHus
MIEPBOTO IyJIbCa, TO, 00padaThIBast TOXOIBI K
obpaboTke 6soka 106, rae mpuiIaBoK myJibca
yBenuueH. OO6paboTKka Tor1a mpoI0JKAETCs K OJIOKY
pemrenus 108, rae 3To onpeieneHo, ObUIO JIU YHUCIIO0
ofrequired nyiisc mony4ueHo. Eciu uucio
HE0OXO0UMOT0 Iy JIhca He OBLIO TIOIYYEHO, 3aTEM
oOpabaTsiBas, MpogoJnKaeTcsl K 00padoTke Omoka 114,
1€ OCTaTOK OT IpOrpaMMbl BBITIOJTHCH.

Ecam urciio Heo6x01MMOro MmyJibca ObLIO MOTYUYEeHO,
3aTeM o0pabaTsiBasi, MPOJAOIHKAETCS K 00paboTKe
ostoxa 112, rie na3epHbIil CUTHAIBHBIN CHTHAT
npousBesieH. O6paboTka TOrqa Mpoa0HKAeTCs K




continues to the remainder of the
program as shown in processing block
114 and thesystem services user
interfaces and waits to receive another
pulse.

Since particular laser guns have particular
characteristics, or so-called signatures,
related to the particular modulation
scheme used by the laser sourceit is
possible to determine from which type of
laser gun asignal originated.
Conseguently, to determine the source of
the detected laser signal, the periodicity
of the received laser pul ses are compared
with known values. Thus, it is possible to
have processing occur and an alarm
signal generated only in response to
receiving aseries of laser pulses having a
particular pattern. For example, it may be
desirable to generate an alarm signal only
after receiving six or eight pulses having
substantially common periods. In the
present invention a predetermined
number of pulsesmust be received within
a predetermined amount of time in order
to have processing continue. Thus, in
processing steps 104, 106 and 108 the
system checks the spacing between a
series of pulses and also checksto seeif a
predetermined number of pulseshave
been received within a predetermined
period of time and are consistent in pulse
to pulse periodicity according to a
predetermined threshold.

For example, assume an initial pulseis
receive at atime T.sub.0 which startsthe
10 msand 1 mstimers. At T.sub.0 +1
msec the 1 msec timer expires. At
T.sub.0 +5 msec another pulseis
received. The contents of the 10 msec
timer are saved,both timers are reset, and
the pulse counter is incremented.

At T.sub.0 +10 msec athird pulseis
received. The contents of the 10 msec
timer are compared with the previously
stored value from the first two pulses. If
the difference is less than the threshold
the processing is permitted to continue.
This process repeats until N pulses are

OCTaTKy OT IIpOrpamMmbl Kak OKa3aHO B 00paboTke
onoka 114, u thesystem nosb3oBaTesb ycayr
B3alMOJICHCTBYET U JKJET, YTOOBI MOJIYyYUTh APYTOi
IIyJIbC.

Tak kak y ciennduueckoro j1a3epHOro Opy>Kust €CTh
cnenuduueckre 0COOCHHOCTH , HJIM TaK Ha3bIBAEMBIC
TIOJIITUCH, CBSI3aHHBIC CO CIEIU(PUUIECKON CXEeMOM
MOAYJISILIUY, UCHOJIb3Y EMOH JIa3€PHBIM UCTOYHUKOM,
KOTOPBIN BO3MOYXHO OINPEEIUTh OT KOTOPBIN TUIT
JIA3€PHOT0 OPYXKUS MOPOKJICHHBIA CUTHAIL.
CrnenmoBatenbHO, YTOOBI OMPEACIUTh HCTOUYHUK
00Hapy’KEHHOTO JIa3€PHOT0 CUTHAJA, IEPUOIUYHOCTD
MIOJIy4EHHOT'0 JIA3EpHOTO ITyJIbca IO CPABHEHUIO C
U3BECTHBIMU IIEHHOCTSIMU. Takum 00pa3oM, BO3MOXKHO
uMeTh 00pabOTKY, IPOUCXOAST U CUTHAJIbHBINM CUTHAJ,
MPOU3BEICHHBIN TOJIBKO B OTBET Ha MOJIyUCHUE aSEries
JIA3€pPHOro IyJIbCa, UMEIOIIETOo criennuyecKuit
oOpazern. Hampumep, MOKET OBITH JKeJIaTeIbHO
IIPOU3BECTU CUTHAJILHBIA CUTHAJ TOJIBKO MOCIIE
MOJIyYEeHHUS IIECTU WM BOCBMHU I1YJIbCA, UMEIOLETr0
CyIIeCTBEHHO o01e nepuopl. B cymiectsytonem
U300pETeHUH MPeIope eI HHOE Yuciio pulsesmust
OBbITh NIOJIyYEHHBIMHU B IIpe/ieIaxX MpeonpeIesIeHHOr0
KOJIMYECTBA BPEMEHH, YTOOBI UMETh 00pabOTKY
npogospkaroTces. Takum 06pa3om, B 00pabOTKe 1maro
104, 106 u 108 cuctema mpoBepsieT HHTEPBAT MEXKTY
PSAIOM ITyJIbCa U TaKXKe MPOBEPSIET, YTOOBI BUJETH,
MOCJIEJOBATENBHO JIU MPEIONPEEIIEHHOE YU CIIO
pulseshave, nosy4eHHbIi B ipeenax
MIPEI0NPEIETICHHOIO MPOMEXKYTKA BPEMEHH U, B
MyJIbCE K NEPUOJUYHOCTH I1yJIbCa COTJIACHO
[IpeI0NpeIeICHHOMY IOPOTY.

Hanpumep, npeanosnoxxure, 4To0 Ha4aabHBIN ITyJIbC,
MOJTy4aroT 3a oauH pa3 T.sub.0, KoTopkIii HaYnHAET
Taiimeps! Ha 1 MuuncekyHny ¥ Ha 10 MIUTHCeK yHI.
B +1 mc T.sub.Oucrekaet taiimep Ha 1 mMc. B +5 mc
T.sub.0 nonyuen apyroii mysbce. Coxepxanue Taimepa
Ha 10 Mc criaceno, o0a TaiiMepa repe3arpyKeHsl, 1
MIPUJIABOK ITyJIbCA YBEJINYCH.

B +10 mc 3a tpeth T.Sub.0 momyden mysibc.
Conepxanue Taiimepa Ha 10 Mc 110 CpaBHEHHIO ¢
paHee COXpaHEHHOH IEHHOCTHIO OT TEPBBIX IBYX
mynbca. Ecnu paznmuue - MeHbIIe 4eM mopor,
00paboTKe pa3pemarT IPOJOJDKUTHCA. DTH
noBTOpeHus mporecca 10 N ImyJbC moxy4YeHsl, B
KOTOPOM BPEMEHH 30HIMPOBaHA TPEBOTA.




received, at whichtimethealarmis
sounded.

If it isdesired to check for a specific laser
source signature then the threshold values
and the timer values of the first and
second timers may be selected and
adjusted accordingly .

The present invention thus provides a
method for detecting any number of
pulses, while generating an alarm
condition after detecting a minimum
number of pulses. Here for example, the
alarm signal is generated after detecting 6
consecutivepul ses.

It should be noted, however, that the
alarm signal could be generated in
response to fewer or more than 6 pulses.
For example, the alarm signal could be
generated after receiving only two pul ses
or after receiving 8 pulses. In this
particularapplication six pulses were
empirically determined to provide the
laser detector having an optimum
response characteristic.

The particular number of pulses to be
detected before an alarm signal is
generated however should be sel ected
according to avariety of factorsincluding
but not limited to how quickly it is
desired to generate the alarm signal and
theprobability of emitting afalsealarm
signal. Thus, if two pulses generated an
alarm signal then the alarm signal would
be generated relatively quickly, however,
the number of false alarm signals would
also be increased. On the other hand if
eightpulses were required to generate an
alarm signal then the alarm signal would
be generated relatively slowly, however,
the there would berelatively few if any
false alarm signals generated. Therefore
process of the present invention sets an
alarmcondition reliably with the least
number of pulses from the detection
circuitry.

In the case where a single microcontroller
is used to control both the laser and radar

Ecnu 310 *enarenbHo, 4TOObI IPOBEPUTH HA
OIIPEIETICHHY 0 Ja3€pHYI0 HCXOAHYIO IOANUCH TOT' /13,
[IOPOrOBbIE 3HAYECHMSI U [ICHHOCTU TaliMepa MepBbIX U
BTOPBIX TallMEPOB MOT'YT OBITH OTOOPAHBI U
IIPUCIIOCOOJIEHBI COOTBETCTBEHHO .

CymecTBytoliee H300peTeHHE TaKUM 00pa3oM
o0ecnieyrBaeT METO/ JUIsl TOTO, YTOOBI OH OOHAPY KHUII
T000€ YUCIIO Iy JIhCa, TPOU3BOISI CUTHAIBHOE
YCIIOBHE TOCIIe 0OHAPYIKEHHSI MUHUMAIILHOTO YHCIIa
yJbca. 3/1eCh HAPUMEp, CUTHAJIbHBIA CUTHAT
poM3BEICH mocie oOHapy)eHust 6 consecutivepul ses.

Hy>xHO 0TMETHTB, OTHAKO, YTO CUTHAJIBHBIA CUTHAI
MOT OBITh ITPOM3BEJIEH B OTBET HA MEHbILE WIH
Ooxpie yem 6 mynbsca. Hampumep, curHambHbIH
CUTHaJ MOT OBbITh POU3BE/IEH MOCTIE MOJTyUYEHUs
TOJIBKO JIBYX ITyJIbCA MJTM TIOCIIE TIOTy4YeHHs 8 myJibca.
B atowm particul arapplicationuiects mysbca ObLT
OTIBITHBIM IIyTEM PEelleH 00eCIeYUTh Ja3ePHbII
JaT4YUK, UMEIOLIUI ONTUMAJIbHYI0 OCOOEHHOCTh
OTBETA.

Creunguryeckoe yucio myJibca, KOTOphIid Oy IeT
0OHaPYIKEH Mepe]] CHTHAILHBIM CHTHAJIOM,
MIPOU3BEJICHO, OJTHAKO JIOJDKEH OBITh 0TOOpaH
COTJIACHO MHOXECTBY (haKTOPOB BKJIFOYas, HO HE
OTPaHUYCH TeM, KaK OBICTPO 3TO JKEJIATEIIBHO, YTOOBI
NPOU3BECTH CUTHAIIBHBIN curHan u theprobability
HCITYCKaHUS JIO)KHOTO CUTHAIBHOTO CUTHAJA. Takum
o0Opa3oM, eciu OBl B MMy JIbCa MPOU3BEI CUTHATBHBIN
CHUTHAJI TOI'1a, TO CUTHAIbHBIA CUTHAJ OBLI OBl
MIPOU3BEJICH OTHOCHTEIHHO OBICTPO, OJTHAKO, YHCIIO
JIO)KHBIX CUTHAJIbHBIX CHUTHAJIOB Oy JIET TAaK)Ke
yBenuueHo. C apyroii croponsl, eciiu Obl e ghtpulses
ObLTH 00513aHBI TPOU3BOANTH CUTHAIBHBIN CHTHA
TOT'/Ia, TO CUTHAJIBHBIN CUTHAJ IPOU3BOIWICS OB
OTHOCHUTEJILHO MEJIEHHO, OIHAKO, OBLIN OBl
OTHOCHUTEJIHHO HEMHOTHE, €CJTH OBl KaKkue-HUOY b
JIO)KHBIC CUTHAJIBHBIC CHTHAITBI pon3Beld. [loaTomy
MIPOIIECC CYIIECTB YIOMIET0 H300pETCHHUS
ycranaBinuBaet alarmcondition moctoBepHo ¢
HAaUMEHBIIIAM KOJMYECTBOM YHCJIA ITyJIbCa OT CXEMBI
OOHapyKEHHUS.

B ciyyae, rie e ITMHCTBEHHBIN MUKPOIHACIIETYED
HCIO0JIb3YETCS, YTOOBI YIIPaBJIATh U AaTUMKaMHU Jia3epa




detectors, the laser detector, the user
interface and the radar detector are each
serviced in processing step 114.
Microcontroller 49 preferably services
eachportion of the system each time
through the processing loop. Those of
ordinary skill in the art will recognize of
course that the system may also be
interrupt driven.

Referring now to FIG. 5, aradar detector
circuit 150 includes a microwave antenna
152 which here isresponsive to signalsin
the X-band, K-band and Ka-band
frequency ranges. Microwave antenna
152 may be provided for example as a
horn antenna, aprinted circuit antenna or
any other antenna which is responsive to
signals in a predetermined range of
frequencies. Furthermore, antenna 152
may be provided from aplurality of
separate antennas each of which, for
example, isresponsiveto signalsin
aparticular one of the X, K and Ka
frequency bands. In the case where more
than one antennais used, each of the
antennas should feed asignal to mixer
154, or aternatively each antenna may
feed one of aplurality of mixers each of
which may be similarto mixer 154.

Antenna 152 has an output port coupled
to amixer circuit 154 at an RF input port
154a. A local oscillator (LO) signal
source 156 which may be provided as a
voltage controlled oscillator (VCO), for
example, feedsan LO signal toan LO
input port154b of mixer 154. In response
to the RF and LO signals fed thereto,
mixer 154 provides a first intermediate
frequency (IF) signal at an |F output port
154c. Thefirst IF signal is provided
having a frequency which may
correspond to the sum ordifference of the
frequencies of the RF and L O signals and
any of their harmonics. Here thefirst IF
signal is provided having a frequency
which corresponds to the difference of
the frequencies of the RF and LO signals
and their harmonics.

U pajapa, Ja3epHbIM JaTYUKOM, ITOJI630BATEIECKAM
uHTepPeicoM U paJapHbIM TaTYUKOM, KaXK bl
o0cmyxuBaroTcs B o0padboTtke mara 114.
Muxkpoaucrierdep 49 npeanoYTUTENEHO YCITyTH
eachportion cucremsl kaxxbIii pa3 yepes MeTIIro
00paboTku. TakoBbie 13 OOBIYHOTO HABBIKA B
HCKYCCTBE MPU3HAIOT KOHEYHO, YTO CHCTEMA MOKET
TaKke OBITh TIEPEPHIBOM, KOTOPBII BE3YT.

Ob6pamasics teneps kK PUC. 5, panapHslit KpyrooGopoT
natuuka 150 BKIIFOYaeT MUKPOBOJHOBYIO aHTEHHY
152, KOTOPBIif 3/1eCh OT3BIBYMBO K CHTHAJIaM B X-
rpynne, K yactoTHbie Auana3onsl Ka-rpynms! 1
rpymnmna. MUKpoBoHOBasi aHTeHHa 152 MokeT ObITh
oOecrieueHa HanpuMep Kak poropasi aHTeHHa, aprinted
aHTEHHA KpyrooOopoTa Wiy JIro0ast Apyras aHTCHHA,
KOTOpasi OT3bIBUMBA K CUTHAJIaM B MPEIONPEAECIEHHOM
nuana3oHe yactot. Kpome Toro, antenHa 152 MoxeT
OBITH 0OOEcTIeYeHa OT MHOYKECTBA OT/ICIIbHBIX aHTCHH,
Ka)K1ast 13 KOTOPBIX, HATIPUMEP, OT3bIBUHBA K
curnaiam B aparticular ogun u3 stux X, K u
nuarna3onoB yactoT Ka. B ciydae, rae 6onbiine yem
OJIHa aHTEHHA HCII0JIb3YETCS, KaXK/1as U3 aHTeHH
J0JIKHA HAKOPMUTb cUTHaIl Mukcepy 154, unu

b TEPHATHUBHO Ka)/1asi aHTEHHA MOYKET HAaKOPMHTH
OJTHO U3 MHOKECTBA MUKCEPOB, K&KIBIH U3 KOTOPBIX
MoOKeT ObITh SimilartoMukcepom 154.

AntenHe 152 coeMHWIN MTOPT MPOAYKIIHH K
Kpyroobopoty mukcepa 154 Bo BxoaHom nopty RF
154a. Mecthbiii renepaTop (JIO), HCTOUYHUK CUTHAIA
156, KOTOPBIIf MOXKET OBITh 0OECTICUEH KaK
HanpspkeHue, yrnpasisut reaeparopom (V CO),
Hanpumep, nuraercs, curdan JIO JIO Broaun port154b
mukcepa 154. B orBer Ha RF u curnansr JIO,
MUTaeMble K ToMy, MUKcep 154 obGecrieunBaeT nepByro
npomexyTounyto yactoty (ECJIN) curnan 8 ECJIU
nopt npoxykuuu 154c¢. Ilepsoe, ECJIN curnan
o0ecrieueH, UMest 4acTOTY, KOTOPast MOJKET
cootBeTcTBOBaTH cymme Ordifferenceuacror RF u
curHayioB JIO u 11000# UX TApMOHUKH. 371eCh TIEPBOE,
ECJIM curnan obecnieueH, MMest 4aCTOTY, KOTOpast
COOTBETCTBYET paznnyuio yactoT RF u curnanos JIO
Y VX TAPMOHHKH.




Thefirst IF signal is coupled from IF port
154c by means of afilter 157, here
having alow pass filter characteristic, to
an input port 158aof afirst IF amplifier
158. IF amplifier 158 feeds thefirst IF
signal asan input signal to an RFinput
port 160a of a second mixer 160. Mixer
160 isfed by asecond LO signal source
162 at an LO input port 160b. In response
tothefirst IF and LO signals fed thereto,
mixer 160 provides a second IF signal at
an |F output port 160c. The second
IFsignal is provided having a frequency
which corresponds to the sum or
difference of the frequencies of the
signals fed to mixer terminals 160a,
160b. Here the second IF signal is
provided having a frequency which
corresponds to the difference of
thefrequencies of first IF and second LO
signals.

Amplifier 158 and second L O source 162
each receive an IF mode control signal
|F.sub.-- MODE.sub.-- CONTROL from
microprocessor 49. Second L O source
162 also receives a frequency control
signal, generally referred to as a JERK
signal, frommicroprocessor 49. The
JERK signal and IF.sub.-- MODE.sub.--
CONTROL signal will be described
further below in conjunction with FIGS.
6-10. In general overview, however, the
JERK and IF.sub.-- MODE.sub.--
CONTROL signals are used to ensure
that radardetection circuit 150 emits an
alarm signal only in response signals
emitted by aradar speed determination
apparatus such as a so-called radar gun,
for example, rather than from some other
miscellaneous microwave signal source
such as another radardetector for
example, a so-called police radar detector
(PRD).

Mixer 160 feeds the second IF signal to
an input port of an FM
amplifier/limiter/discriminator circuit
164. Discriminator circuit 164 feedsa
discriminator output signal generally
referred to as an S-curve to an input port
of avehicle on boardradar detector circuit

[TepBoe, ECJIN curnan coenunen ot toro, ECJIN
nopt 154c¢ nocpenctsom punbtpa 157, 306Ch nmest
HU3KHUI poxoJ GUiIbTpyeT 0cOOEHHOCTh, BXOAHOMY
nopty 158a nepsoro ECJIU ycunmurens 158. ECJIN
yemmutens 158 kopmos niepeoe, ECJIU curnan kak
BXoHO# currai nopty RFinput 160asToporo
mukcepa 160. Mukcep 160 nutaercss HICTOYHUK OM
curnana Bropoi JIO 162 Bo Bxoanom nmopty JIO 160b.
B otBet Ha nepsoe, ECJIN u JIO curnaiipl nutanuch K
Tomy, Mukcep 160 obecnieunBaer cexkynny ECJIN
curnan B ECJIN nopt npoaykuuu 160C. Bropoit
|Fsignal obecrieueH, uMest 4acToTy, KOTOpast
COOTBETCTBYET CYMME WJIH PA3IMYHIO YaCTOT
CHTHAJIOB, MMTaEMBIX Ha TepMUHAIBI MuKcepa 160a,
160b. 3xeck BTOpoe, ECJIN curnan obecrieyeH, uMest
9acTOTY, KOTOPasi COOTBETCTBYET PA3ITUIUIO
thefrequenciesniepssix, ECJIN u BTopas JIO
CUTHAJIN3UPYET.

VY cunurens 158 u Bropoii nerounnk JIO 162 kaxapiid
nosyuaet, ECJIN ynpasinstomuii cursan crnoco0a
|F.sub. - MODE.sub. - VIIP ABJISIET ot
mukpomnporueccopa 49. Bropoit nucrounuk JIO 162
TaK)Ke MOJTy4aeT YIpaBJIsSIOLUINI CUTHAT YaCTOTHI,
B00OI11e HasbiBaeMblid curaaioM TOJIUKA,
frommicroprocessor 49. Curnan TOJIUKA u IF.sub. -
MODE.sub. - VIIP ABJISIOLLIUMCUTHAJI 6y 1y T
omnrcansl naiee Hmwke B coequdennu ¢ PHC. 6-10. B
obreM kpaTkom 003ope, ognako, TOJIUKE u |F.sub. -
MODE.sub. - YIIP ABJIAIOUIME CUT'HAJIbI
UCIOJIb3YIOTCS, YTOOBI TapaHTUPOBAThH, YTO
radardetection kpyroo6opot 150 ucmyckaer
CUTHAJIbHBIN CUTHAJ TOJBKO B CUTHAJIaX OTBETA,
UCIyCKAaEeMbIX PaJlapHbIM aIIapaToM OIpeaeICHUS
CKOpOCTH, TAaKUX KaK TaK Ha3bIBAEMOE paJlapHOE
Opy>KHE, HAaIpUMEp, a HE OT HEKOTOPOU APYrou
Pa3HOM MHKPOBOJIHOBOM IE€YH CUTHAIU3UPYIOT
HCTOYHUK, TAKOM Kak apyroi radardetector nanpumep,
TaK Ha3bIBAEMBIN NOJIMLIEUCKUI PaJapHBIN JATYUK

(PRD).

Muxcep 160 xopmoB BTopoe, ECJIN curnan
BXxoiHOMY TIopTy 13 kpyroobopora
ycunuresis/orpaHnauTeNs/ muckpuMuHaTopa 164.
Kpyroo6opoT muckpumunatopa 164 kopma curaan
MPOAYKINU TUCKPUMUHATOPA, BOOOIIIE HA3bIBAEMBIN
S-KpHBOi BXOJHOMY MTOPTY TPAHCIIOPTHOTO CPEICTBA
Ha boardradar kpyroo6opore natunka 165.




165. Circuit 165 detects the presence of
proximate vehicle on board sensing
systems.

V ehicle on board sensing systems
generally refer to the so-called collision
avoidance systems used in vehicles such
as trucks, buses, cars and the like to warn
of the possibility of imminent or
impending collisions. Many vehicle on
board sensingsystems emit signalsin the
K-band frequency range, for example.
Generally, the vehicle on board sensing
systems emit signals having a particular
modul ation characteristic to allow the
vehicle on board sensing system to
measure the distance to aproximate
object. For example, the vehicle on board
sensing system may be provided as an
FM signal having a particular FM
deviation and modulated at a frequency
of about 60 KHz.

Thus, when conventional radar detectors
encounter vehicles equipped with a
vehicle on board sensing system,
conventional radar detector circuits emit
alarm signals which incorrectly identify
the vehicle on board sensing system asa
radar speeddetection system. That is,
conventional radar detectors emit afalse
alarm signal.

In the present invention however, circuit
165 istuned to receive signals having a
modul ation characteristic which
corresponds to the modulation
characteristic of avehicle on board
sensing system. When such asignal is
detected the circuit 165provides a signal
which prevents any false alarm signals
from being provided. In the present
system, this is accomplished by circuit
165 providing asignal at an output port
thereof to microprocessor 49. Upon
receipt of such asignal,

themi croprocessor forbids any K-band
alarm signals for the duration of the
vehicle on board sensing modulation. In
one embodiment circuit 165 may include

Kpyroo6opoT 165 oOHapyKHBaeT MpUCYTCTBHE
OJIrKaMIIero TpaHCIIOPTHOTO CPEJICTBA Ha OOPTY
OLIYILIEHUS CUCTEM.

TpancnopTHOE cpeaCcTBO Ha OOPTY OLLYIIEHUS CUCTEM
BOOOIIIE MOCHUIAET K TaK Ha3bIBAEMbIM CUCTEMaM
IIPEOTBPAILEHHUS CTOJKHOBEHHMS, UCII0JIb3YEMbIM B
TPAHCIIOPTHBIX CPEACTBAX, TAKUX KaK I'PY30BUKH,
aBTOOYCBI, aBTOMOOWIIU U T.I1. IPEIyNPEIUTh
OTHOCHUTEJIHHO BO3MOKHOCTH HEU30E€KHBIX WIH
HAaBHCIIHUX CTOJIKHOBEHUI. MHOrMe TpaHCIOPTHOE
CpeaCTBO Ha OOPTY SensingsystemsucmyckaoT
curHajibl B K 4acTOTHOro Juana3oHa rpymibl,
Harnpumep. Boobiie, TpaHCIOPTHOE CPeCTBO Ha
OOPTY OLIYLIEHUS] CUCTEM HUCITyCKAET CUTHAJIBI,
MMEIOIIHE CIEIU(UIECKYI0 OCOOEHHOCTh MOy JISIINH,
9YTOOBI IO3BOJIUTH TPAHCIIOPTHOMY CpPEJICTBY Ha OOPTY
OLIYILIEHUS] CUCTEMbI U3MEPSTh PACCTOSIHUE K OOBEKTY
aproximate. Harmpumep, TpaHCIIOPTHOE CPEJICTBO HA
OOPTY ONIYIIEHUSI CUCTEMBI MOKET OBITH 00ECIIEUEeHO
kak 13 curmana, uMmeromiero gerainb M3 OTKIOHEHH,
u cmoxysmpoBaio B yactore [IPUBJIM3UTEJIBHO 60
KT'LI.

Takum o6pa3om, korja oObIUHbIE pafapHbIe JaTYUKH
CTaJIKUBAIOTCS C TPAHCIIOPTHBIMHU CPEJICTBAMH,
000pY IOBAaHHBIMHU TPAHCTIOPTHBIM CPEJICTBOM Ha
0OpTY OIIYIICHHUS CUCTEMBI, OOBIYHBIC PaapHBIC
KPYTrooOOpOTHI TaTYHKA UCITYCKAIOT CUTHAJIbHBIC
CHTHAJIbI, KOTOPBIC HEMIPABUIIBHO HICHTH(DUIIUPYIOT
TPAHCIIOPTHOE CPEJICTBO HA OOPTY OLTYLICHUS
cucTeMbl Kak pagap speeddetection cucrema. Takum
o0pa3oM, 0ObIYHbIE paJjapHbIe TaTYMKU UCITYyCKAIOT
JIOKHBIN CUTHAJIbHBINA CUTHAJI.

B cymecTBytomniem n300peTeHIH 0THAKO,
Kpyroo6opot 165 HacTpoeH, YTOOBI IOTYYUTH
CHUTHAJIBI, UMEIOIIINE OCOOCHHOCTh MO Ty JISIINH,
KOTOpast COOTBETCTBYET OCOOCHHOCTH MO/TYJISIIHA
TPAaHCTIOPTHOTO CPEACTBA HA OOPTY OLIYIICHHS
cuctembl. Korzaa takoii curnan oGHapy»keH
Kpyroobopot 165provides curuai, KOTopbIi
MPEISATCTBYET JFOOBIM JIOKHBIM CHUTHAJIBHBIM
CUTHajaM ObITh oOecrieueHHBIM. B cymiecTByromeit
CHCTEME 3TO JJOCTHUTHYTO Kpyrooboporom 165
o0ecrieueHnii CUrHalIa B TIOPTY MPOIYKIIMH 3TOTO Ha
mukponpoueccop 49. [lo morydeHun TaKoro CurHaa
themi croprocessor 3anperiaet a060i K curaanos
TPEBOTH TPYTIIBI IS IPOI0JDKUTEIHHOCTH
TPAaHCIIOPTHOTO CPEACTBA Ha OOPTY OLIYIICHHS
Moaysinud. B otHOM Kpyroo6opote BorutomeHust 165
MOJKET BKJIFOYATH JIEKOJIEp TOHA, 00eCTIeueHHBIH,




atone decoder provided as a phase
locked loop (PLL) circuit. The tone
decoder circuit is providedhaving atime
constant such that the tone decoder
demodulates the modulated vehicle on
board sensing signal and thus detects the
modulation signal (e.g. the 60 KHz
modulation signal). When the modul ated
signal is detected, circuit 165 provides a
signalat an output port thereof.
Microprocessor 49 polls circuit 165 and
when microprocessor 49 detects the
output signal provided from circuit 165,
microprocessor 49 ignores the signal
alarm line for K-band signals. It should
be noted however, that valid Xand Ka
band signals should still cause an alarm
signal to be generated. Microprocessor
inhibits any K-band alarms as long as
circuit 165 continues to provide the
output signal. Thus circuit 165 minimizes
the number of alarm signals generated
inresponse to the presence of an
operating vehicle on board sensing
system. That is, the radar detector of the
present invention provides a minimal
number of false alarm signals generated
in response to the presence of operating
vehicle on board sensingsystems. It
should be noted that circuit 165 may be
appropriately "tuned" to respond to any
signal having a known modulation
scheme. Thus circuit 165 may be used to
detect the presence of signals emitted
from other types of circuits in addition
tovehicle on board sensing systems.

Discriminator 164 aso feeds an S-curve
signal to afirst input port 166a of an
analog sweep stop circuit 166. Analog
sweep stop circuit 166 also receives, at a
second input port 166b, a SWPSTOP
signal from the microprocessor. Sweep
stopcircuit 166 feedsasignal to an alarm
circuit 168 which may include a
comparator circuit for example.

Sweep stop circuit 166 also feeds asignal
to sweep circuit 170. Sweep circuit 170
additionally provides a sweep signal to

MOCKOJIBKY (ha3a 3axBaTuia neriro (PLL)
Kpyroo6opot. Kpyroo6opot nexkozaepa ToHa -
providedhaving Bpemsi, IOCTOSIHHOE TaKUM 00pa3oMm,
9TOOBI IEKOJIEp TOHA JEMOTYIHPOBAII
CMO/TyJINPOBAaHHOE TPAHCTIOPTHOE CPEJICTBO Ha OOPTY
OLIYILIEHUS CUTHAIAa U TaKUM 00pa3oM 0OHAp Y U
CHUTHAJ MOy JISAIUH (HATIPUMEp, CUTHAI MOYJISILIAY Ha
60 KI'1l). Kornma cMoay iMpOBaHHBIM CUTHAIT
oOHapyxeH, Kpyroodopot 165 obecnieunBaer signalat
MOPT MPOAYKITUH 3TOro. Mukporporeccop 49
Kpyroo0opoToB onpocoB 165 u xorxaa
MUKponporeccop 49 oOHapyKHUBaeT CUTHAI
MIPOTYKITUH, 00€CIIeYeHHBIN 0T KpyroobopoTa 165,
MUKpornporeccop 49, UTHOPUPYET JIMHUIO TPEBOTH
curHazia ais K cursasioB rpynmnsl. 9TO JOJKHO ObITH
OTMEYEHO OJHAKO, YTO AeicTBUTENBHBIN Xand Ka
CHTHAJIBI TPYIITBI TOJDKEH BCE €IIe 3aCTaBUTh
CUTHAJIBHBINA CUTHAI OBITH TPOU3BEICHHBIM.
Mukpormporieccop 3amnpemniaet Jiroooi K tpeBor
TPYMIIBI, TOKa KpyroooopoT 165 mpogomkaer
o0ecnieynBaTh CUrHAJ NPOAYKIUH. TakuM o6pazom
Kpyroo0opoT 165 MUHIMH3HUPYET YUCIIO
MPOU3BEICHHOTO | NESPONSE CUTHAIBHBIX CHTHAJIOB K
MIPUCYTCTBHUIO ONIEPANUOHHOTO TPAHCIIOPTHOTO
cpeacTBa Ha OOPTY OMIYIICHUS CHCTEMBI. TakuM
00pa3oM, paJlapHbIil JaTUYMK CYIIECTBYIOIIETO
n300peTeHus o0ecreunBaeT MUHUMAJIBHOE YHCIIO0
JIOXKHBIX CUTHAJIBHBIX CHTHAJIOB, TPOM3BEICHHBIX B
OTBET Ha MPUCYTCTBUE OTIEPAITHOHHOTO
TPAHCIIOPTHOTO CPEJICTBA HAa OOPTY SEeNsiNgsystems.
Hy>XHO OTMETHTB, 4TO Kpyroo6opoT 165 MoxkeT ObITh
COOTBETCTBEHHO ''HACTPOEH", YTOOBI OTBETUTH Ha
TM000# CHIHAJ, UMEIOIINI U3BECTHYIO CXEMY
Moayssinud. Takum 00pa3oM Kpyroooopot 165 moxer
HCI0JIb30BaThCS, YTOOBI OOHAPYIKUTh IPUCYTCTBUE
CHTHAJIOB, HCITyCKAeMBIX OT IPYTUX THUIIOB
KpyroobopotoB kpome toro tovehiclena Gopry
OIIYIICHUS CHCTEM.

Juckpumunaatop 164 Takke KOpM CHTHATI S-KpUBOI
MIEPBOMY BXOJTHOMY IopTy 1668 aHaI0roBOoi 3a4nCTKH
OCTaHaBJIMBACT KPyroobdopot 166. AHaoroBbIit
KpYyroo0OpOT OCTAHOBKH 3a4UCTKHU 166 Takxke
MOJIy4aeT, BO BTOPOM BXOJHOM nopty 166b, curHat
SWPSTOP ot mukporporieccopa. OxBaTure
stopcircuit 166 KkOpMOB CUTHAT K CUTHAJIBHOMY
Kpyroo6opoty 168, koTopsIii MOKET BKJIFOYATh
KPyroo0OpoT KOMITapaTopa Hampumep.

Kpyroo6opoT octaHoBKH 3a4ncTKU 166 Takxke KOpM
CUTHAJ 0XBaTHUTh Kpyroodopot 170. Kpyroodopot
3auncTky 170 TOTOTHUTEIHFHO 00eCIIeunBaeT CUTHAI




the microprocessor through a band-edge
detector circuit 172. Sweep circuit 170
may be provided for example asthe
typedescribed in U.S. Pat. No. 4,315,261
issued Feb. 9, 1992 and assigned to the
assignee of the present invention and
incorporated herein by reference. Sweep
circuit 170 is coupled to LO source 156
at asweep control port 156a.

The radar detector of the present
invention operates in accordance with a
predetermined frequency plan. In this
frequency plan, the choice of LO and IF
frequencies minimizes the amount of
interference provided from signals having
frequencieswhich correspond to
fundamental and second harmonic
frequencies generated by local oscillator
signal sources of other radar detector
systems. Furthermore, the frequency plan
resultsin aradar detector having aVCO
which provides fundamental
frequencysignals over arelatively narrow
frequency range while still allowing the
radar detector to detect signalsover a
super wide band frequency range.

That is, the radar detector of the present
invention operates in three separate
frequency bands, herethe X, K and Ka
frequency bands. The VCO, however,
only providesto mixer 154 LO signals
having a fundamental frequency between
11.238 GHz and11.895 GHz. Thus
signals in the frequency range of 10.500
GHz to 10.550 GHz may be detected by
signals in the fundamental frequency
band of the VCO 156.

VCO 156 also provides to mixer 154 so-
called harmonics of the fundamental
frequency VCO signals. By providing
signals at the second harmonic
frequencies to mixer 154, mixer 154 can
receive signals in K-band frequency
range from antenna 152 andprovide IF
signalsinthefirst IF frequency range at
|F port 154c. Thus, the second harmonic
signals provided by VCO 156 and/or
mixer 154, allows detection of signals
having frequencies in the K-band

3a4UCTKU MUKPOIIPOLIECCOPY YePE3 KPyroodopoT
naTauka kpas rpymmsl 172. Kpyroo6opot 3auucTku
170 mosxeT OBITh 00ecTIieueH HalpuMep Kak
typedescribed B Cranmaptasix CIIIA. Homep 4 315
261 Bemymennoro 9 gespains 1992 n HazHaueHHOTO
Ha IpeJICTaBUTENIS CYIIECTBYIOIIETO U300peTeHUs 1
BKJIFOYEHHBIH 371ech cchlIKOM. KpyrooGopot 3auuctku
170 coenunen ucrounuky JIO 156 B mopTy KOHTpOIIS
3a 3a4MCTKOI 156a

PanapHblil 1aTyuK CyIIECTBYIOLIEr0 H300pEeTeHUS
paboTaeT B COOTBETCTBUU C IIPEIONPEIEICHHBIM
IUTAaHOM 4acToThl. B aTOM mutane wactotsl BeiOop JIO u
ECJIN yacToThl MUHUMU3UPY €T KOJIUYECTBO
BMeEILIATENbCTBA, 00ECIICYEHHOTO OT CUTHAJIOB,
umeronux frequencieswhich,cootBercTByer

(G yHIaMEHTaJIbHBIM U BTOPBIM FAPMOHHYECKUM
yacToTaM, POU3BEACHHBIM MECTHBIMU UCTOYHUKAMU
CUTHaJja reHepaTopa ApYruxX paJgapHbIX CUCTEM
natauka. Kpome Toro, miaH 4acToThl IPUBOJUT K
pamapHomy aatuuky, nmeromemy VCO, KoTopsbIii
obecrnieunBaeT GpyHaamMmeHTanbHbIN frequencysignal smo
OTHOCHUTEJIBHO Y3KOMY YaCTOTHOMY JHana3oHy, BCe
ellle MO3BOJIsAs paJapHbIi JaTYUK OOHAPYKUTh
CUTHAJIbI [10 IIUPOKOMY YACTOTHOMY JIMAIIa30HYy
IPYIIIBI BBICIIETO KayecTBa.

Takum o6pas3oM, pasapHbIil JATUUK CYIIECTBYIOIIETO
M300peTeHus paboTaeT B TpeX OTACIBHBIX AUaNa30HaX
4acToT, 37ech 3T X, K 1 nuana3oHsl yactot Ka

V CO, ognako, ToJIEKO o0ecnieunBaeT Mukcepy 154
curtazia JIO, numeromue GyHIaMeHTaIbHYIO YacCTOTY
mexay 11.238 I'T'y and11.895 I['Tu. Takum oOpazom
curHaiiel B yactotHoM nuanazode 10.500 [T k
10.550 I'T'; MoryT OBITH OOHAPYIKEHBI CHTHATIAMHU B
dbynmamenTanbHOM quana3one yactot VCO 156.

VCO 156 raxxe obecnieunBaet Mukcepy 154 tak
Ha3bIBa€MOW rapMOHUKHU (pyHIaMEHTaIbHONU 4acTOTHI
curHaiel VCO. ObecnieunBasi CHIHAIIBI BO BTOPBIX
rapMOHMYECKUX YacToTax K Mukcepy 154, mukcep 154
MOJKET IMOJTy4nTh cUTHAJBI B K 9acToTHOro muamnasoHa
rpymmnsl oT anternbl 152 andprovide ECJIU curnans B
nepsom ECJIN wacroTHsiit auanazon B ECJIU nopr
154c. Takum 06pa3oM, BTOpble FTapMOHUYECKHE
curnaiel, ooecrnieuernbie VCO 156 u/umm mukcep 154,
MIO3BOJISIIOT OOHAPYKEHUE CUTHAIOB, UMEIOLINX
9gacToThl B K 9acTOTHOTO Jama3oHa rpymiibl U B
ocobenHoctu B frequencyrangemexay 24.005 'y u




frequency range and in particular in the
frequencyrange between 24.005 GHz and
24.250 GHz.

Likewise, the third harmonic signals
provided by VCO 156 and/or mixer 154,
allow detection of signalsin the Ka-band
frequency range received by antenna 152.
In particul ar, the system can detect
signals in the frequency range between
33.4-36.0GHz.

When the LO signal sweeps by an RF
signal emitted by aradar gun in the X, K
or Kafrequency bands, mixer 154
generates a pair of IF signals having
frequencies corresponding to 900 and 920
MHz.

VCO 156 provides an LO signal which
sweeps in frequency from 11.895 GHz to
11.238 Ghz in 375 milli-seconds (msec).
A guard band may also be included to
account for temperature drift and stability
and to ensure that the system is always
able tocover the entire desired frequency
range. If radar circuit 150 receives a
signal, microprocessor 49 performs
processing on the signal to determine if
the received signal isin the X-band
frequency range. If the signal isidentified
asavalid X-bandsignal and there are no
other received signals then the processor
emitsan ALARM signal.

The band identification and alarm signals
are generated in the following manner.
VCO 156 sweeps through the full
frequency range. All responses received
asaresult of the full sweep are processed
in microprocessor 49 to determine the
frequencyband of the received signal and
to determine if a corresponding alarm
signal should be generated. The order in
which the X, K and K.sub.aband signals
are alarmed are prioritized such that
K.sub.a-band alarm signalsreceive first
priority, K-bandal arms receive second
priority and X-band alarms receive third
priority.

24.250 I'Tw.

AHAJIOTUYHO, TPETHH TAPMOHUYECKHE CUTHAIHI,
obecnieuennbie VCO 156 u/umn mukcep 154,
M03BOJIFTE OOHAPYKEHHUE CUTHAJIOB B YaCTOTHOM
nuana3zoHe Karpynmsl, moiaydeHHOM aHTeHHO#H 152. B
YaCTHOCTH CHCTEMa MOKET OOHAPYKUTh CUTHAIIBI B
9acTOTHOM Jquana3one mexay 33.4-36.0GHz.

Korna 3aunctku curnana JIO curnanom RF,
HCIyCKaeMbIM palapHbIM opyxkueM B 3Tux X, K wiu
nuara3oHnax yactot Ka, mukcep 154, mpou3BOIAT mapy
ECJIM curnannl, UMEIOIIKUE YaCTOTHI,
cootBerctBytomme 900 u 920 MI .

VCO 156 ob6ecneunBaet curnan JIO, koTopsrii
Hecetcst B yactore oT 11.895 T 1o 11.238 Ghz B
375 muumucexynaax (mc). I'pyria oxpaHbl MOXKET
Tak)Ke ObITh BKIIIOUEHA, YTOOBI COCTaBJIATh
TeMIIEpaTypHBbIN Apeiid U CTabUIBHOCTD U
rapaHTHPOBATH, YTO CHCTEMA BCET/Ia - CIIOCOOHBIH
tocover Bech JKenaTeabHbIM YaCTOTHBIA UAIIa30H.
Ecmu pagapusrii kpyroo6opot 150 nmomy4daer curnan,
MuKporporieccop 49 BeITOSHSAET 00pabOTKy Ha
CHTHAJIC OTIPEJICIIUTh, HAX OIUTCS JIU TIOJTY YeHHBIN
CHTHAJI B YaCTOTHOM Juarna3oHe X-rpymmsl. Ecim
CUTHAJI UACHTU(PHUINPOBAH KaK JCHCTBUTEIHHBIA X-
bandsignal u HeT HHKaKUX OPYTUX MOTYyYSCHHBIX
CHTHAJIOB TOT/Ia, ITPOIIECCOP UCITyCKaeT
CUTHAJIBHBI curnas.

WneHTudukaus rpynmsl 1 CUTHATBHBIC CUTHAITBI
pou3BeACHHI B cieaytomieid Manepe. VCO 156
3a4MCTOK Yepe3 MOJIHBIM YaCTOTHBINA hana3oH. Bee
OTBETbI, IOJTYYEHHbIE B PE3YJIbTATE OJHON 3aYUCTKH,
o0OpaboTanbl B MUKpoIporieccope 49, 9To0b
omnpeaenuts frequencybandmonyuernoro curaaia u
OTPEJIEININTh, I0JKEH JIN COOTBETCTBYIOIUI
CUTHAJIbHBIN CUTHAJ OBITH MTPOM3BE/ICH. 3aKa3, B
KOTOPOM BCTPEBOKEHBI 3TU X, K U CUTHAJIBI TPYIIIIBI
K.sub.a, pacmoioxen 1o nprHopUTETaM TaKHUM
obpa3zoM, utoObl K.sub.a - curHassl TpeBOrH TPpyIIIbI
noay4uiu npusmieruio, K bandalarmsmonyuarot
BTOPOW MIPUOPHUTET, U TPEBOTH X-TPYIIIHI TIOTYIAIOT
TPETUIN ITPUOPUTET.




The processor first determinesif the
received signal could be avalid Ka-band
signal. If the processor does not indicate
that the signal may be a Ka-band signal,
then K-band or X-band signal criteriais
checked, depending upon the location
ofthe detected signal in the sweep. If it is
determined that multiple-band signals
exist, thealarm signal which isset is
based on a predetermined priority. Thus,
the X-band alarm istypically set when
only an X-band signal is detected.

If the received signal could beavalid Ka-
band signal then a PRD sweep is
performed to ensure the received Ka-
band signal is not the third harmonic of
another radar detector. In the PRD sweep,
the processor verifies that the received
signal isavalid Ka-band signal by
triggering VCO 156 to initiate a second
LO signal sweep referred to as the band
select sweep. In the band select sweep the
system determines if the received signal
isathird harmonic of another radar
detector or if thereceived signal isavalid
Ka-band radar signal from a speed
detection device such as a so-called radar
gun.

If no PRD signal is detected then the Ka-
band alarm signal is generated. Thus, in
all cases the responses are recorded,
analyzed and an alarm signal is generated
for one band only.

A signal BAND.sub.-- EDGE is provided
as the output of a band-edge circuit 172.
The BAND.sub.-- EDGE signal is used to
determine the time positions of the X-
band and K-band signals. The BAND-
EDGE signal is held high at 229 msec in
the sweepwhich corresponds to the end of
the K-band time interval as shown in
FIG. 6. If asignal isreceived during the
K-band time interval which has some
characteristics which correspond to the
K-band signals but other characteristics
which do not and theBAND.sub.-- EDGE
signal is high, the probability is that the

[Iponieccop cHadana onpeaenser, MOr Ju Obl
MIOJIYYE€HHBII CUTHAJI OBITh AEUCTBUTEIBHBIM
curiajgoMm Ka-rpynnsl. Eciu npoueccop He
YKa3bIBaeT, UTO CUTHAJI MOKET OBITh CUTHAJIOM Ka-
rpynimsl, To K rpynnsl Wiy KpUTepueB curHaia X-
IpyIIbI IPOBEPEH, B 3aBUCUMOCTH OT
MeCTOIoJIOKeHuUs Ofthe 0OHapy KeHHbII CUTHAT B
3auncTke. Eciu 3T0 penieHo, 4ToObl CUrHaJIbI
MHOTOKPATHOM T'pyNIbl CYIECTBOBAJIN, CUTHAJIbHBIN
CUTHaJI, KOTOPBI YCTaHOBJIEH, OCHOBAH Ha
IpeonpeieIeHHOM npuoputere. Takum oOpa3om,
Oy IUIBHUK X-TPYIIbl THIMYHO MOCTABJIEH, KOT1a
TOJIBKO CUrHaJl X-TPYMIbl OOHAPYKEH.

Ecnu nony4eHHblil curHan Mor Obl ObITh
NeNCTBUTENBHBIM cUrHasioM Ka-rpynmel Tora,
3aunctka PRD BbinonHeHa, 4ToObI rapaHTUPOBATS,
YTO MOJIyYEHHBIH curHan KarpyIrsl He TpeThs
rapMOHMKa JAPYroro paJjapHoro aatyuka. B 3aunctke
PRD mporieccop mpoBepsieT, 4TO MOTYyUYEHHBIN CUTHAT
IS IeCTBUTENLHBIN cUrHAN KarpyIibl, BbI3bIBasI
VCO 156, uto6b1 HauaTh BTOPYIO JIO curHamm3upyeT
3a4MCTKY, Ha3bIBAEMYIO IPYNIION U30paHHas 3aUHCTKA.
B u30panHoi rpynne HecyTcsl, CUCTEMa ONPEEseT,
SIBJISICTCS JIU IIOJTyYEHHBIN CUTHAII TPEThEU
TFapMOHHUKOM JIpyroro pajapHoro JaTYMKa UiIu €Ciu
curnai thereceived - neiicTBUTEbHBINA paapHbIit
curHan Karpynmnel oT ycTpoiicTBa 0OHapyKeHUs
CKOpOCTH, TAKOI'0 KaK TaK Ha3bIBAEMOE paJapHOe
OpyXKHE.

Ecnm aukaxoii curnan PRD He o6HapysxeH Tora,
cur"ai TpeBoru Karpynmsl mpousseeH. Takum
00pa3oM, BO BCEX CITydasiX OTBETHI
3apeTUCTPUPOBAHBI, TPOAHATU3UPOBAHBI, 1
CUTHAQJIBHBIN CUTHAJ MPOU3BEJICH JIJISl OJTHOM TPYIIIIBI
TOJIBKO.

Curnan BAND.sub. - KP Al oGecrieuen kax
MPOAYKIHUS KpyroobopoTa Kpast Tpymiist 172.
BAND.sub. - curnan KP ASl ucnionb3yercs, 4T0ObI
OTpEIeNIUTh MOJI0XKEHUs BpeMeHu X-rpynmnsl 1 K
curHazioB rpymmnsl. Curnan KP ASTPYIIIIbI
cuMTaeTCs BRICOKUM B 229 Mc B Sweepwhich,
NepenuchiBaeTcs 10 KoHa K BpeMeHHOTro HHTepBasia
rpymmbl Kak mokazano B PUC. 6. Eciu curnan
1oJIy4eH Bo BpeMsi K BpeMEHHOro HHTEepBaJia IpyIiibl,
Yy KOTOPOT'0 €CTh HEKOTOPbIE OCOOEHHOCTH , KOTOpbIE
COOTBETCTBYIOT K CUTHAJIOB TPYMIIbI, HO APYTUX
ocobeHHOCTEH , KoTophie He aetaroT u theBAND.sub. -
curHain KP Al BbICOK, BEpOSITHOCTH COCTOUT B TOM,
YTO NOJIyYEHHBIN CUrHal - curdan Ka-rpyniel, u




received signal isaKa-band signal and
the system isalarmed accordingly. Thus,
the BAND.sub.-- EDGE signal is used to
help distinguish between signalsin the K
and Kafrequency bands.

Referring now to FIG. 6, aplot of
frequency versus microprocessor timing
normalized to the period of asingle VCO
sweep is shown. It isdesirable for the
microprocessor to differentiate between
received signal frequenciesinthe X, K
and Kafrequency bands and to provide
such information to a user through
display 18. Since the microprocessor
cannot directly differentiate between
received signal frequencies another
scheme must be devised such that the
microprocessor can distinguish
receivedsignalsin the X, K and Ka
frequency bands.

This may be accomplished by having the
mi croprocessor measure time periods as
will be described in conjunction with
FIG. 6A. Alternatively the
microprocessor may distinguish between
received signal frequencies based on
measured V CO tuningvoltage as will be
described below.

VCO 156 (FIG. 5) may be provided as
digitally controlled oscillator or a
varactor-tuned oscillator. In the case
where a varactor tuned oscillator is used,
VCO 156 uses the voltage controlled
capacitance of avaractor diodeto
accomplish theelectronic tuning. Thus, a
start voltage applied to VCO 156 tunes
VCO 156 such that VCO 156 provides a
signal having an initial or start frequency.
Likewise, a stop voltage applied to VCO
156 tunes V CO 156 such that VCO 156
provides asignal having anending or stop
frequency.

As described above in conjunction with
FIG. 5, in this particular embodi ment the
VCO start and stop frequencies
correspond to frequencies of 11.895 GHz
and 11.238 GHz. Ideally, alinear voltage
applied to VCO 156 resultsin VCO 156

CHCTEMa BCTPEBOKEHA COOTBETCTBEHHO. Takum
obpazom, BAND.sub. - curnan KP Aflucnionb3yercs,
94TOOBI IOMOYb Pa3IMYUTh CurHaibl B K 1 1uana3zoHax
yactoT Ka

Oo6pamasice Tereps k PUC. 6, 3aroBop 4acToThl
MIPOTHB BHIOOpA BPEMEHN MHUKPOITPOIIECCOpa,
HOPMAJIM30BaHHOTO K IEPUOJTy € TUHCTBECHHON
3aunctku V CO, noka3eBaroT. JKenaTenpHo s
MHUKporporieccopa audGepeHnnpoBaThCsi MEKITY
MOJTyYEHHBIMHU YacToTaMu curHaia B 3tux X, K u
rpymmax Kafrequency u npeaocTaBuTh TaKyro
MHOPMAIKIO MOJB30BATENO uepe3 noka3z 18. Tak kak
MHUKPOIPOIIECCOP HE MOKET HETIOCPEICTBEHHO

¢ depeHIUPOBATHCSA MEXKIY OJTyYEHHBIMU
9acTOTaMHU CHTHAJIA, Ipyras cXeMa J0JDKHA ObITh
pa3zpaboTaHa TakuM 00pa3oM, 4TOOBI MUKPOIIPOIIECCOP
MOT OTJIMUHUTH receivedsignalss stux X, K u
nuarasoHax yactor Ka

DTO MOXET OBITh JJOCTUTHYTO IMPH HATAIHH ITIEPUOJIOB
BPEMEHH MEPhI [0 MUKPOIIPOIIECCOpPY, Kak Oy IeT
ormcaH B coequHeHnn ¢ PYC. 6A. AnbTepHaTHBHO
MHUKPOIIPOIIECCOP MOXKET Pa3IUIUTh TOJTydCHHBIC
YacTOTHI CUTHAJIA, OCHOBAaHHBIE Ha B3BemeHHoM VCO
tuningvoltage, kak Oy et omrcaH HIKe.

VCO 156 (PUC. 5) moxeT ObITh 0OCCIIEYCH KaK B
unpoBoil hopme ynpasisieMblil TeHEpaTOp WU
varactor-mactpoeHHslil renepatop. B ciyuae, rae
varactor mactpows reaepatop, ucnoissyercs, VCO
156 ucnonp30BaHus, HANPSDKEHUE YITPABJISIIO
E€MKOCTBIO Varactor 1uoja, 4To0bl JOCTUTHYTh
Hactpoiiku theel ectronic. Takum oOpa3om,
HaIpshkeHre Hadasia oTHocwiochk k VCO 156 mernoauit
VCO 156 takum ob6pazom, utoosr VCO 156
o0ecrieun1 CUrHaJl, IMEIOIINI 9acTOTa Havasa WK
HavaibHast OyKBa. AHAJOTMYHO, HATPSDKEHUE
octaHoBkH oTHOcHIOch K V CO 156 menoauii VCO
156 Takum ob6pazom, utoosr VCO 156 obecneurt
CHUTHAJI, UMetolHi anending uin 4acToTy OCTAaHOBKH .

Kaxk ormmcano Brine B coenuaenuu ¢ PYC. 5, B aTom
cnenupuieckom Boruomenny Hadano VCO u
9acTOTHI OCTAHOBKHM COOTBETCTBYIOT yacToTam 11.895
T u 11.238 I'T. UneansHo, TUHEHHOE HaNpsDKEHUE
otHOocwiIock Kk VCO 156 pesynsraToBB VCO 156
obecrieuenwuii acorresponding iMHeiHOE H3MCHEHHUE B




providing acorresponding linear change
in VCO signal frequency. Practically,
however, varactor diodestypically have a
nonlinear response to such a VCO tuning
voltage. Thus, although the VCO tuning
voltage may be linear, typically VCO 156
does not provide acorrespondingly linear
change in frequency.

Furthermore, each varactor diode
typically has slightly different tuning
capacitance characteristics. That is, each
varactor is not identically tuned between
astart and a stop frequency. Thus,
because of the aforementioned problems
withvaractor diodes, VCO tuning
characteristicstypically vary between a
plurality of VCOs.

Due to such nonlinear tuning
characteristics, a particular voltage
applied to the VCO provides asignal
having a frequency which may be
different than the frequency expected
from application of that particular VCO
tuning voltage to an ideal VCO.
Consequently the VCO is said to have a
nonlinear frequency response. Moreover
the curvature of the slope between the
start and stop frequencies is unknown. It
isthus necessary to devise a scheme to
linearize the VCO frequency response.

Because the curvature of slope between
the start and stop VCO signal frequencies
isunknown, it isrelatively difficult to
determine the precise frequency at a
particular point in time during the VCO
sweep. Thus aplurality of
calibrationsignals 180a, 180b and 180c
areinjected into the sweep at the start,
middle and end points of the VCO

frequency sweep.

The largest deviation from an expected
signal frequency tends to occur toward
the center of the VCO sweep. Thusin the
present invention, calibration signal 180b
having a frequency of 10.610 Ghz is
injected into the sweep to act as
calibrationpoint to effectively linearize
the VCO tuning frequency.

yacrtote curgaia VCO. dakrruecku, 01HaKo, Varactor
VOBl THIIMYHO UMEIOT HEJIMHEWHEBIN OTBET HA TaK OU
V CO nactpauBaromeecs Hanpspkenue. Takum
obpasom, xots VCO, HacTpauBaroieecs: HalpsHKCHNE
MOeET ObITh TuHeiHbIM, TUIIYHO V CO 156, He
obecrnieunBaeT acorrespondingly nuHelHOe U3MEHEHUE
B 4acCTOTE.

Kpome toro, y kaxmoro varactor auo/ia THIIMYIHO €CTh
HEMHOT'O Pa3JIMYHbIC HACTPAUBAIOIINE OCOOCHHOCTH
emkocTtu. Takum o0pa3om, Kax/blil varactor
TOXKJIECTBEHHO HE HACTPOSH MEXy Ha4alioM U
4acTOTOM ocTaHOBKH . Takum 00pazom, u3-3a
BBILICYIOMSHYThIX ITpo0aem Withvaractor auo s,

V CO nHactpauBaronifecss 0COOCHHOCTH TUITUYHO
M3MEHSI0TCSl Mex 1y MHOKecTBOM V COS.

N3-3a TakuX HETMHENHBIX HACTPANBAOIIUX
0coOeHHOCTEH, CIEITU(UUECKOE HATIPSKESHNE
otHocwiIock K VCO, o0ecrieynBaeT CUrHaJ, UMEIOIIMI
9acTOTY, KOTOpas MOXKET OBITh Pa3IMIHON YeM
4acToTa, 0KUJaeMasi OT 3asBJICHUS TOrO
cnenugpudeckoro VCO HacTpanBarorieecs
Hanpsbkerue k uaeanpHomy V CO. CrnenoBaTellbHO y
VCO, Kak TOBOPST, €CTh HEITMHEHHAS YaCTOTHAS
XapakTepucTrka. KpoMe Toro uCKpuBJIeHHE HAKIIOHA
MEX/Ty Ha9aJIOM U YaCTOTaMH OCTAHOBKH HEHM3BECTHO.
Takum 06pa3zom HEOOXOIUMO pa3padboTaTh CXEMY
JTMHEApU30BaTh YaCcTOTHYIO Xapakrepuctuky V CO.

[Tock 0Ky UCKPHUBJICHHE HAKIIOHA MEX/Ty HA9aJIOM U
0CTaHOBKOM, yacTtoThl curaana V CO Hen3BeCTHBI,
OTHOCHTEJIPHO TPY THO OTIPE/ICITUTh TOYHYIO YACTOTY B
crienn()UIECKOM ITyHKTE BOBPEMS BO BPEMSI 3aYHCTKU
VCO. Takum obpaszom MHOkecTBo Calibrationsignals
180a, 180b u 180C BBe1cHO B 3aYHCTKY B HaYalle,
ceperHa M KOHEYHbIE TOUKH 3a9ncTKH 9acToThl V CO.

HaunGoubIiee OTKIIOHSHHE OT 0XKHIaeMOM 9acTOTHI
CHTHAJIa UMEET TCHICHIIUIO IIPOUCXOIUTH K IICHTPY
3aunctku V CO. Takum 00pa3oM B CYIIECTB yIOIIEM
n3obperenun, curuan 180b kannOpoBKH, UMEIOIIHI
yacroty 10.610 Ghz, BBeieH B 3a4UCTKY, YTOOBI
nerictBoBaTh Kak calibrationpoint, uro6sl 3 dhexTnBHO
muHeapu3oBaTh V CO HacTpanBaromascs 4acToTa.




The BAND.sub.-- EDGE signal is
adjusted in response to the external ly
injected calibration signal 180b. The
BAND.sub.-- EDGE signal provided
from the band-edge comparator will be
described in conjunction with FIG. 13.
Since the VCO tuningvoltage is provided
having arelatively linear characteristic
between the start voltage and stop
voltage, by injecting the calibration
signal which typically falls at the midway
point of the VCO tuning voltage an
accurate calibration indicator isprovided.
Thus, the need for aVCO linearization
board is eliminated.

Furthermore, the present technique
resultsin asliding calibration scheme.
That is, the occurrence of the calibration
signal intimeisbased on VCO tuning
voltage linearity rather than time. The
microprocessor thus "slides" awindow
eitherforward or back in time within the
V CO sweep period such that the
calibration signal isinjected at the
midway point of the VCO tuning voltage.

A sweep start period occurs within an
initial 25 msec time band. Thistime
period could be reduced to 10 msec for
example to minimize the amount of time
required for the overall VCO sweep
period here shown to be 450 msec. A
second 25 msecwindow corresponds to a
guard band. A second guard band is also
provided prior to reaching the ending
frequency. Thus the operating frequency
range of the radar system (i.e. 11.895
GHz t0 11.238 GHz) is covered in 375
msec which corresponds to a tuningrate
of 1.85 MHz/msec (657 MHz/375 msec).

This tuning rate was selected such that
the detector output signal generally
referred to as S-curves do not become
asymmetric. Furthermore, since
processing depends upon the ability to
detect apair of first IF signals having
frequencies ofrespectively 899 MHz and
921 MHz, both of these signals and the
ability to look at the time spacing

BAND.sub. - curnan KP Al npucnioco6iieH B OTBET Ha
BHEIIIHE BBeACHHBINA curHan 180b kannOpoBKH.
BAND.sub. - curnan KP AJ], oGecrieyeHHbIi OT
KOoMIIapaTopa Kpast TpyIIbl, Oy IeToNrcaH B
coequuennu ¢ PYC. 13. Hauunas ¢ VCO
tuningvoltageo6ecrieueH, UMes OTHOCUTEIIHHO
JUHEHHYIO0 0COOCHHOCTh MEXK/y HAMPSOKCHUEM Havalia
Y HAIIPSDKCHUEM OCTAHOBKH , BBOJISI CUTHAJ
KaJIMOPOBKH, KOTOPHIN TUITMYHO 1TaJIaeT B Ha ITOJIITY TH
nyHkT V CO HacTpauBatomieecs HanpsHKEHHE TOYHBIH
UHIUKATOp KaauOpoBku i Sprovided. Takum oOpazom,
OT He0OXOTUMOCTH B TipaBiicHuH JimHeapu3awu VCO
M30aBJISIOT.

Kpowme Toro, cyrecTByromiast TeXHUKa PUBOIUT K
CKOJIB3AIIEH cxeme KamnOpoBku. Takum o6pazom,
BO3HMKHOBCHHE CHT'HAJIa KATMOPOBKU BOBPEMS
ocHoBano Ha VCO HacTpanBaromascs TMHSHHOCTD
HANPSDKEHHS, a HE BpeMs. MUKPOITPOLIECCOP TaKHM
obpasom "asuraet” okuo etherforward wiu Hazan
BOBpeMsI B Tipejienax nepruoja 3aunctku V CO Takum
o0pa3oM, 4ToObI CUTHAJT KAJIMOPOBKU OBLIT BBEJICH B HA
nosmytd myHKT V CO HacTpauBaromeecs HalpsoKeHHeE.

[lepuron Havasia 3aYUCTKY TPOUCXOAMT B MpEesiax
HaYaJIbHOW TPYIIBI BpeMeHH Ha 25 MC. DTOT Mepro.
BpPEMEHHU MOT OBITh YMeHbIeH 10 10 Mc Hampumep,
YTOOBI MUHUMHU3UPOBATH KOJIMYECTBO BPEMEHH,
TpeOyemoe B Te€UEHHE MOJIHOTO MEePU0/ia 3aUUCTKU

V CO, KOTOpBIi, KaK 3/1eCh MOKa3bBarOT, ObLT 450 Mc.
Bropsie 25 msecwindow cooTBETCTBYIOT TpyIIIe
OXpaHbl. BTopoii rpynne oxpaHsl Takxke
MIPEIOCTABIIAIOT JI0 IOCTUKEHHS 3aKaHUMBAIOIIEHCS
yacToThl. TakuM 00pa3oM onepaluoOHHbIA YaCTOTHBIN
JMara3oH pagapHoii cuctemsl (To ecth 11.895 T k
11.238 I'T'r) nokpeIT 375 MC, KOTOPBIi COOTBETCTBY €T
tuningrate 1.85 MI't/mc (mc nHa 657 MI'/375).

Ota HacTpauBarIlas HopMa OblIa 0TOOpaHa TaKUM
o0pa3oM, 4TOObI TaTYUK MPOU3BEICHHBIN CUTHAII,
BOOOIIE HA3BIBAEMBIN S-KPUBBIMH, HE CTAJl
acummeTpudHbIM. Kpome Toro, Tak kak 06paboTka
3aBHCHUT OT CIIOCOOHOCTH OOHAPY KHUTH Mapy MepBoro,
ECJIU curnansl, uMmerorme yactoTel ofrespectively
899 MI't 1 921 MTI'i, 06a U3 STUX CUTHAJIOB U
CIIOCOOHOCTH CMOTPETH B 3TO BPEMSI HHTEPBAJl MEXKITY
Mapou curHasaoB, TpeOyroTcs. Takum 06pa3om BaKHO




between the pair of signalsisrequired. It
is thus important not to sweep too rapidly
since this could result in one of the pair
of signals having aweak or even
nondetectable amplitude level and then
the processor will not recognize the
received input signal asavalid signal. A
tuning rate of 1.85 MHz/msec prevents
such problems.

Asshown in FIG. 6, signalsin the Ka-
band frequency range may be detected
during any time within the entire 375
msec V CO sweep over the operating
frequency of the system. Two segmented
portions of the time interval 186, 188
correspond to thosetimes during the
sweep in which signals in the X-band and
K-band frequencies may be detected.

The criteriafor screening valid received
signals from invalid received signalsis
based on a plurality of factors. One factor
isthe time period in the sweep during
which the signal occurred. For example if
the signal was received in the rangeof the
K-band window 188, this may indicate a
signal in the K-band frequency range was
received. Second, the time spacing
between the pair of signalsis compared
with a predetermined value. Third, the
system determines if an appropriate
response to theJERK signal exists. This
three level screening is used to validate
signalsreceived in the K-band or X-band
frequency ranges. Since Ka-band signals
may occur at any time during the 50
msec-425 msec range of the VCO sweep
period, the time in the sweepperiod
during which the signal isreceived has no
meaning for Ka-band signals. The
technique for classifying Ka-band signals
will be described below in conjunction
with FIG. 10.

Referring now to FIG. 6A, aplot of
frequency versus microprocessor timing
normalized to the period of asingle VCO
sweep is shown. In this alternate
embodiment, the microprocessor tracks
time intervalsto differentiate between
signalfrequencies. A sweep start period

HE HECTHUCH CIIUIIIKOM OBICTPO, TaK KaK 3TO MOTJIO
MPUBECTHU K OJIHOM M3 Mapbl CUTHAJIOB, UMEIOIIUX
aweak win Jake HCOOHAPYIKUMOTO YPOBHS
aMIUTUTY JIbl, ¥ 3aTE€M IIpoLieccop He Oy 1eT mpru3HaBaTh
MOJyYEHHBIN BXOIHOM CUTHAJ KAK JEHCTBUTEIbHBIN
curnai. Hacrpausaromasicst Hopma 1.85 MI'/mc
MPEOTBPAIIAET TAKHUE MPOOIIEMBI.

Kak mokazano B PHC. 6, curgaiasl B 4aCTOTHOM
nuana3zoHe Ka-rpynnsl MOTYT ObITh OOHApY’KEHbI B
TeYeHHe JI000ro BpeMEeHH B MpeJienax Bcel 3aUMCTKU
VCO na 375 Mc 1o oIepanoHHON 4aCTOTE CUCTEMEI.
JIBe CerMEHTHPOBAHHBIX YaCTH BPEMEHHOTO
untepBaia 186, 188 coorsercTByrOT thosetimes so
BpEMS 3aUHUCTKH, B KOTOPOU MOT'YT ObITh OOHApPY>KEHbI
curHaibl B X-rpynmne u K 4acToT rpynisl.

Kputepuu 11t Toro, yToObI OKa3aTh HA IKPAHE
JeHCTBUTENbHBIE [TOJIyYEHHbIE CUTHAJIBI OT
MIOJIy4EHHBIX CUTHAJIOB MHBAJIM/]a OCHOBAHBI HA
MHO3kecTBe (hakTopoB. OuH akTop - nepuoa
BPEMEHH B 3aUUCTKE, BO BPEMsI KOTOPOM MPOU30IIET
curHai. Hanpumep, eciiu curnasn ObuI MOJTy4€eH B
rangeof K okna 188 rpyrimbl, 3TO MOXKET yKa3aTh, YTO
curHaji B K yacToTHOro nuarnasoHa rpymnibl ObL1
noJsty4deH. Bo-BTOpBIX, BpeMs, es1asi HHTEpBaJbl
MEXKy [1apOil CUTHAJIOB 110 CPaBHEHUIO C
IIpeI0NpeIeICHHON [IEHHOCThI0. B-TpeThux, cuctema
OTIpeJIeIIAET, CYIECTBYET IU COOTBETCTBYIOIIUN OTBET
Ha curnain theJERK. DTtu Tpu 3kpaHUpOBaHUS yPOBHS
UCIO0JIb3YETCS, YTOObI YTBEPAUTH CUTHAJIBI,
nostydeHHble B K yacToTHble quana3zoHbl X-IrpyIIibl
wiu rpymmna. Tak Kak curaaisl Ka-rpynmsl MOTyT
MIPOM30UTH B JI000E BpeMs BO BpeMs Tuamna3oHa Ha 50
Mc 425 mc nepuona 3auuctku VCO, y BpeMeHu B
sweepperiod, Bo BpeMst KOTOPOIo MOJIy4eH CUTHAI,
HEeT HUKAKOro 3HaYeHUs JUIsl CUTHAJIOB Ka-rpyIIibl.
TexHuka u1g Toro, 4ToObl Ki1accuGUUUPOBATD
curHaibl Ka-rpynmnsl Oy eTonrucaHa HUKE B
coequrennu ¢ PUC. 10.

Oo6pamasice Tereps kK PUC. 6A, 3aroBop 4acToThl
MIPOTUB BEIOOpA BpEMEHU MHUKpPOIIpoIieccopa,
HOPMAJIM30BaHHOTO K IEPUOJTy € TUHCTBECHHON
3aunctku V CO, nokaseBaroT. B stom
JIOTIOJTHATEIBHOM BOTUTOLICHUH MUKPOITPOIIECCOP
OTCJIC)KUBAET BPEMEHHBIC HHTCPBAJIBI, YTOOBI
muddepernmupoBatbes Mexay Signalfrequencies.




occurs within an initial 25 msec time
band. Thistime period could be reduced
to 10 msec for example to minimize the
amount of time required for the overall

V CO sweep period here shown to be 450
msec. A second 25 msecwindow
corresponds to a guard band. A second
guard band is also provided prior to
reaching the ending frequency. Thus, the
operating frequency range of the radar
system (i.e. 11.895 GHz to 11.238 GHz)
iscovered in 375 msec which
corresponds to thetuning rate of 1.85
MHz/msec (657 MHZz/375 msec)
described above.

The system compensates for VCO
frequency drift by providing the 25 msec
guard band at both the beginning and end
of the VCO sweep. This prevents any
uncovered frequency regions generally
referred to as "holes" from developing in
the middle ofthe VCO frequency band.

Asin the scheme describe above in
conjunction with FIG. 6, the band
identification scheme still depends upon
the ability to detect a pair of first IF
signals having frequencies of about 899
MHz and 921 MHz. Thus, both of these
signals and theability to look at the time
spacing between the pair of signalsis
required.

Asshown in FIG. 6A, signalsin the Ka-
band frequency range may be detected
during any time within the 50 msec to
425 msec sweep period of VCO 156.
Two segmented portions of the time
interval correspond to those times during
the sweep in whichsignals in the X-band
and K-band frequencies may be detected.

The criteriafor screening valid received
signals from invalid received signalsis
based on a plurality of factors. First, the
particular time in the sweep during which
the received signal was detected is used.
For example, if the signal wasreceived in
the range of 167 msec after sweep start
this may indicate asignal in the K-band
frequency range was received. Second,

[lepuron Havasia 3aYUCTKU IPOUCXOAMT B MpEesiax
HAYaJIbHOW TPYIIBI BpeMeHH Ha 25 MC. DTOT Mepro.
BpPEMEHHU MOT OBITh YMeHbIeH 10 10 Mc Hampumep,
YTOOBl MUHUMHU3UPOBATH KOJIMYECTBO BPEMEHH,
TpeOyemoe B TeUEHHE MOJIHOTO MEePUO/ia 3aUUCTKU

V CO, KOTOpBIi, KaK 3/1eCh MOKa3bIBarOT, ObLT 450 Mc.
Bropsie 25 msecwindow cooTBETCTBYIOT TpyIIIe
OXpaHbl. BTopoii rpynne oxpaHsl Takxke
MIPEIOCTABIIAIOT JI0 IOCTUKEHHS 3aKaHUMBAIOIIEHCS
yacToThl. TakuM oOpa3oM, oneparioHHbIH 4aCTOTHBIN
JMara3oH pagapHoii cuctemsl (To ecth 11.895 T k
11.238 I'T'r) nokpeIT 375 MC, KOTOPbIi COOTBETCTBY €T
thetuning nopme 1.85 MI'/mc (Mc Ha 657 MI'1/375)
ONMCAHHBIN BBILIE.

Cucrema maet KoMneHcanuro 3a apeid gacrorsr VCO,
MIPEIOCTABIISSL TPYIIIE OXPAHbBI Ha 25 MC B 000UX
Havaso 1 koHen 3aunctku V CO. DTo npenoTBpamaer
Jt00BIE OTKPBITHIE 00JIACTH YaCTOTHI, BOOOIIE
Ha3bIBa€MbI€ "OTBEPCTUSIMU' OT Pa3BUTHUS B CEpe/IUHE
ofthe VCO nuana3on yactor.

Kak B cxeme onuceiBaroT Beile B coequdennu ¢ PUC.
6, cxema UACHTH(DHUKAIIUY TPYIIITHI BCE €I 3aBUCHUT OT
criocoOHOCTH 00Hapyx uTh napy nepsoro ECJIN
CUTHAJIBI, UMCIOIINE YaCTOTHI MPUOIN3NTEHHO 899
MI'm n 921 MTI'n. Takum oGpa3om, 00a U3 ITUX
currasoB u theability,4To0Osl cMOTpeTh B 3TO Bpemsi
MHTEPBAI MEX/y AP0 CUTHAIOB TPEOYIOTCSL.

Kak mokazano B PUC. 6A, curgansl B YaCTOTHOM
nuana3zoHe Ka-rpynnsl MOTYT ObITh OOHApY’KEHbI B
TEeUYeHHE JIF000ro BpeMeHH B ipenenax 50 Mc k
nepuoy 3auncTku Ha 425 mc VCO 156. /Ise
CEerMEHTUPOBAHHBIX YaCTU BPEMEHHOT'O MHTEpBasia
COOTBETCTBYIOT TEM BpEMEHaM BO BPEMsI 3aUUCTKU B
whichsignalse X-rpymme, u K 4acToT rpymms MOXeT
ObITH OOHAPYIKEH.

Kputepuu 11t Toro, yToObI 0Ka3aTh HA IKPAHE
NeHCTBUTENBHBIE [TOJIyYEHHbIE CUTHAJIBI OT
[IOJIy4EHHBIX CUTHAJIOB MHBAJIM/a OCHOBAHBI HA
MHO3KecTBe (pakTopoB. Bo-niepBbIX, onpeaenéHHoe
BpEMS B 3aUHCTKE, BO BpEMsI KOTOPOil ObLI1 0OHapyKeH
IIOJIYYEHHBIN CUTHAJ, UcoJb3yeTcs. Hanpumep, eciu
curaan wasreceived B qtuamnazone 167 mc mocie
3a4MCTKH HAYMHAETCS, 3TO MOXKET YKa3aTh, YTO CUTHAI
B K yacToTHOro nuanaszoHa rpynmsl Obu1 nosrydex. Bo-




the time spacing between the pair of
signals is compared with a predetermined
value. Third, the system determines if
anappropriate response to the JERK

signal exists. Thisthreelevel screening is
used to validate K-band or X-band
frequencies. As mentioned above in
conjunction with FIG. 6, the technique
for classifying Ka-band signalswill be
described below inconjunction with FIG.
10.

Referring now to FIG. 7, aplot of
frequency vs. timeillustrating the relative
time separations between pairs of
detected signals S.sub.x1, S.sub.x2 ;
S.sub.kl, S.sub.k2 and S.sub.kal,
S.sub.ka2 in the X, K and Ka frequency
bands is shown. Thespacing patterns Tx,
Tk, Tkaof the respective pairs of S-curve
signals generated as aresult of receiving
two first IF signal's having respective
frequencies of 899 MHz and 921 MHz
may be measured and compared to a
predetermined value to see which one,if
any, of the predetermined frequency
ranges the pair of signals correspond to.
That is, the pair of signals S.sub.1,
S.sub.2, are spaced by atime T.sub.x
then the received signal wasin afirst
predetermined frequency band here
corresponding to theX-band.

If the signals S.sub.1, S.sub.2 are spaced
by atime T.sub.K then the received
signal was in a second predetermined
frequency band here corresponding to the
K-band frequency range. Likewise, if the
pair of signals S.sub.1, S.sub.2 are spaced
byatime T.sub.Kathen the received
signal wasin athird predetermined
frequency band here corresponding to the
Ka-band frequency range.

The actual IF frequencies are determined
by fixed tuned resonant circuits coupled
to discriminator 164 (FIG. 5). The IF
frequency Therefore will vary slightly
from unit to unit and also in accordance
with tolerance values available in
theassociated circuit components. Thus
the actual second IF frequency is

BTOPBIX, BpeMsl, Jiejasi UHTEpBaJbl MEKY apoi
CUTHAJIOB 110 CPABHEHUIO C IPEIONPEICICHHOM
LIEHHOCTBI0. B-TpeTbux, cucrema onpezenser,
CYIIECTBYET I aNapPropriate orBeT Ha CUrHa
TOJIYKA. D11 Tpu 3KpaHUPOBAHUS YPOBHS
ucnoJib3yercs, yToObl yTBepaAuTh K yactoTsl X-
rpynnsl win rpymnmna. Kak ynoMssyTo Bbilie B
coenquaennu ¢ PUC. 6, TexHuka i1 TOro, 4To0bl
KJ1acCU(UIUPOBATh CUTHAIBI Ka-rpynmbl Oy aeT
omucana Hmwke inconjunctionc PUC. 10.

Ob6pamasics teneps k PUC. 7, 3aroBopy 4acToThl
[POTHB BPEMCHH, HIUTFOCTPUPYSI OTHOCUTEIIbHBIC
pasjesicHust BpeMEHH MEKIy ImapaMu 00HapyKECHHBIX
curnanos S.sub.x1, S.sub.x2; S.sub.k1, S.sub.k2 u
S.sub.kal, S.sub.ka2 B atux X, K n nmamazonax
gyactot KamokassiBator. O0pasusl Thespacing Tx, Tk,
Tka cooTBEeTCTBYIOIINX AP CUTHAIOB S-KPUBOM
IIPOM3BEIT B PE3YJIbTATE TOTYUCHHUS J1BA TICPBBIH,
ECJIN curnanbl, UMEIOIIME COOTBETCTBYIOIINE
gactoThl 899 MI't u 921 MI'11, MOTYT OBITH H3MEPEHBI
Y TI0 CPABHEHHIO C MPEIONPECIICHHON IICHHOCTHIO,
YTOOBI BUJICTh, KAKOMY, €CJIM TaKOBbIE BOOOIIIE
HUMEIOTCS, TIPEIOPEICTICHHBIX YaCTOTHBIX
JIMAIa30HOB apa CUTHAJIOB COOTBETCTBYET. Takum
obpasom, mapa curnaios, S.sub.1, S.sub.2,
pacroararotcst BpemMenem T .Sub.X Toraa mosy4eHHbIiH
CUTHaJI, OblJIa B TIPBOM IIPEIOTIPEICIICHHOM
JMaIa3oHe 4acToT, 3/IeCh COOTBETCTBYoMIEeM theX -
rpymre.

Ecmu curnanet S.sub.1, S.sub.2 pacnonararores
BpeMeHneM T.sub. K Tora nosy4eHHbIi CUrHaa ObuT
BO BTOPOM IIPEIONPE/ICIICHHOM Hara3oHe 4acToT,
3J1eCh COOTBETCTBYIOIIEM K 4acTOTHOro JnanazoHa
rpyIIbl. AHAJIOTHYHO, €CITU Mapa curaanos S.sub.1,
S.sub.2 pacnionararorcs byaspems T.sub. Kartoraa
MOJTyYEHHBII CUTHAJ OB B IIPEIOTIPEICTICHHOM
JMaIia3oHe YacTOT TPETH, 371eCh COOTBETCTBYIOIIEM
4acTOTHOMY Jnana3ony Karpyrmisl.

®daktrueckoe, ECJIM yacTOThI onpe/iesieHbI
HETIOIBMKHBIMU HACTPOCHHBIMHU PE30HAHCHBIMHU
Kpyroo0opoTaMu, COeIMHEHHBIMH K TUCKPUMUHATOPY
164 (PUC. 5). ECJIU Yacrota [ToaroMy H3MEHHTCS
HEMHOTO OT ¢JIMHUIIBI 10 €UHHIIBI U TAKXKE B
COOTBETCTBHH C IIECHHOCTSMHU TEPITUMOCTH,
noctynHsiMu B theassociated kommonenTax
kpyroo6opota. Takum oOpazom pakTuueckas




approximately 11 MHz and therefore the
pair of first IF signals are provided
having frequencies typically of about 899
and 921 MHz respectively. For
simplicity, however, thefrequencies will
here by assumed to be 900 MHz and 920
MHz.

Thus, In this particular example, if
signals S.sub.1 S.sub.2 are spaced by a
time corresponding to 12.6 msec then the
pair of signals was generated in response
to areceived signal having afrequency in
the X-band frequency range. That is,
thesignal corresponds to detection of a
signal at the fundamental frequency of
the radar detection circuit.

If, however the signals S.sub.1, S.sub.2
are spaced by atime corresponding to
6.34 msec then the pair of signals
S.sub.1, S.sub.2 were generated in
response to areceived signal having a
frequency in the K-band frequency range.

Similarly, if the signals S.sub.1, S.sub.2
are spaced by atime corresponding to 4.2
msec then the pair of signals S.sub.1,
S.sub.2 were generated in response to a
received signal having a frequency in the
Ka-band frequency range.

It is possible of course due to noise and
extraneous signals for any of the pairs of
signalsi.e. the so-called signatures, to be
generated at any point in the sweep. Thus
to distinguish between valid and invalid
signals, the signature must alsohave a
corresponding valid JERK response
signal.

The JERK response signal will be
described in detail below in conjunction
with FIGS. 7-10. Suffice it here to say
that avalid signal must fall somewhere
near or within a predetermined time
region of the full sweep period and the
signal musthave the corresponding valid
JERK and un-JERK response signals.

Referring now to FIG. 8, aplot is shown
which illustrates the timing of the signal

cexkynnaa, ECJIN wactoTa coctaBiseT mpuOIU3UTEIHLHO
11 MI'n u mosTomy napa nepsoro, ECJIN curnanst
o0ecrneueHbl, UMes YaCTOThI TUITHYHO
npubmusnuTenbHo 899 n 921 MI'11 COOTBETCTBEHHO .
Jlns ipocToThl, oaHaKo, thefrequencies6y nersnecs
npuHSTHIM, 9T00BI ObITh 900 MI't 1 920 MIm.

Takum o6pazom, B aTom cienmdudeckom nmpumepe,
eciu curHansl S.sub.1 S.sub.2 pacnonararotes
BpeMeHeM, cooTBeTCTBYs 12.6 Mc Tor1a, mapa
CUTHAJIOB ObLiIa MPOU3BEJICHA B OTBET HA MOJTYUYCHHBIN
CHUTHAJI, IMEIOIINIA YaCTOTYy B YaCTOTHOM JIMAIa30He
X-rpymmsl. Takum ob6pasom, thesignal coorsetcTByeT
0oOHapy’KEHHUIO CUTHANIA B (yH/IaMEHTAJIbHOM yacToTe
pamapHoro Kpyroodopora 0OHapy KEHUSL

Ecim, ograko curaansr S.sub.1, S.sub.2
pacroJjiararoTcsi BpeMeHeM, COOTBETCTBYs 6.34 Mc
Toraa napa curaanos S.sub.1, S.sub.2 6putn
IMPOU3BCACHLI B OTBCT HA HOJ'Iy‘-ICHHI:IfI CUT'HAJI,
HUMEIOIKI 4acTOTy B K 4acTOTHOrO Jnana3ona
TP YIIIIBL

T ouHO Tak *e, eciim curaasl S.sub.1, S.sub.2
pacrojiararoTcsi BpeMeHeM, COOTBETCTBYS 4.2 Mc Tor1a
napa curanoB S.sub.1, S.sub.2 6buH TIpoU3BEICHBI B
OTBET Ha MOJYYEHHBIM CUTHAJ, UMEIOIIUN 4acTOTy B
4acTOTHOM Juana3zoHe Ka-rpynmsl.

B03MOXKHO KOHEUHO U3-3a IIyMa U IIOCTOPOHHUX
CUTHAJIOB JUIs1 JIF0OOM U3 MMap CUTHAIOB TO €CTh TaK
Ha3bIBAEMBIX MOAMKCEH, OBITh TIPON3BEICHHBIM B
J000M IyHKTE B 3a4nCTKE. TakuM 00pa3zoM, 4TOObI
Pa3INuUTh JEHCTBUTEIbHBIE U HEEUCTBUTEIbHbBIE
CUTHAaJIbI, TOANUCH foJpKeH alsohave
COOTBETCTBYIOIINI IEMCTBUTENIbHBIN CUTHAI OTBETA
TOJIYKA.

Curnan orBera TOJIYKA 6y neronucan noapobHo
ke B coequaennu ¢ PUC. 7-10. YV noBiieTBOpUTE 3TO
3J1ECH, YTOOBI CKa3aTh, YTO AEHCTBUTEIbHBIA CUTHAI
JOJDKEH yHacTh IIe-HUO Y b PSAIOM WK B Mpeenax
MpeoNpeIeTICHHON 00J1aCTH BPEMEHH TTOJTHOTO
nepro/ia 3a4MCTKU U curHana musthave
cootBeTcTBYtoNMi AeictBuTenbHbIA TOJIHYOK n
CUTHAJIBI OTBETA HETOJIUKA.

Oo6pamasice Tereps kK PUC. 8, 3aroBop mokassiBaror,
KOTOPBIN WIUTIOCTPUPYET BHIOOP BpeMeHU 00paboTKH




processing of the JERK and un-JERK
signals which occurs if the received
signal isan X-band signal.

When receiving signals in the X-band
frequency range the signals of interest
have a frequency typically of about 10
GHz. VCO signal source 156, however,
provides an LO signal having a frequency
typically of about 11 GHz. Thusthe
frequency ofthe LO signal fed to mixer
154 is higher than the frequency of the
RF signal acondition generally referred
toasahighsideLO.

Asshown in FIG. 6, the LO signal source
sweeps from a high frequency to alow
frequency. Thusthefirst IF signal
provided from mixer 154 decreases with
frequency as a function of time.

Thefirst IF signal is fed to mixer 160
(FIG. 5) along with the second LO signal
initially provided having a frequency of
910 MHz. Mixer 160 provides a second
IF having signal at afirst frequency
typically of about 10 MHz. The second
LO signalsource 162 has avariable
reactance under control of the
microprocessor viathe jerk control line
163 (FIG. 5). The microprocessor
provides the JERK signal tothe LO
source 162 such that the reactance of
source 162 is changed to consequently
cause adiscrete change in frequency to
the signal provided by source 162.

Thefirst time the first received IF signal
iswithin typically of about 10 MHz of
the second L O frequency 910 MHz afirst
S-curve signal 190 is generated and a
corresponding alarm signal 200 is
generated. Thus, when the IF signal
frequencyequals 920 MHz afirst alarm
signal 200 is generated.

The discriminator S-curve has arelatively
rapid transition between the positive and
negative regions of the curve. However

as afunction of signal strength, asthe
frequency of the second IF signal
approaches the pole of discriminator 164

curHaia TOJIUKA u curnanaoB HETOJIYKa, KOTOPBIA
IIPOUCXO/IUT, €CIIH MOJTYYEHHBIH CUTHAI - CUTHaMI X-
IPYIIIBL

[Tomyyast curHasbl B 4aCTOTHOM JlMaria3oHe X-TPyIIIIb
y CUTHAJIOB MHTEpeca TUIIMYHO €CTh YacToTa
npubausutenbHo 10 [T, VCO curHamu3upyoT, 94To
ncTouHUK 156, onHako, oOecreunBaet curuai J10,
MMEIOILIUI YacTOTy TUIIUYHO Mpubau3urensuo 11
I'Tu. Takum o6pazom yacrota Ofthe curuan JIO,
nuTaeMbli K Mukcepy 154, Beiiie, yem yacrota RF
CUTHAJIM3UPYET yCIOBHUE, BOOOIIE HA3bIBAEMOE
BBICOKOU cTopoHO# JIO.

Kak mokazano B PUC. 6, ncrounnk curaana JIO
HECETCsI OT BBICOKOM 4aCTOThI 1O HU3KOM YaCTOTBHI.
Takum o6pasom nepsoe, ECJIN curnan obecrieumt ot
Mukcepa 154 ymeHnbiieHus ¢ 4acToTon Kak () yHKIIHS
BpPEMEHH.

[Teproe, ECJIN curnan nutaercs k mukcepy 160
(PUC. 5) napsiay co BropsiM curnaiom JIO
MEpPBOHAYAIBHO oOecneueHHoe Hammane 9acToTel 910
MI'u. Muxkcep 160 oGecrieunBaeT CEKyHIY, UMes
CHUTHAJI B MIEPBOM YaCTOTE THITUYHO MPUOIU3UTEIILHO
10 MTI'u. V Bropoii JIO signalsource 162 ecth
MIEPEMEHHBIN pPEaKTaHC MO KOHTPOJIEM
MUKPOIPOIIECCOpa Yepe3 JIUHUIO KOHTPOJIS 32
torukoMm 163 (PUC. 5). Mukpomporieccop
npenoctasisiet curHan TOJIYKA ucrounuky JIO 162
TaKUM 00pa3oM, 4TOOBI peakTaHc UCTOYHMKA 162 Obut
W3MEHEH, YTOOBI CIIeI0BATEIIFHO BRI3BATh U3MEHEHUE
adiscrete B yactoTe K cUrHary, 00ecreueHHOMY
HUCTOYHUKOM 162.

B niepBbwiii pa3, koraa nepsoe, nosnydensoe, ECJIN
CHUTHAJI, B IpeAeiax THINYHO npuoau3uTeasao 10
MTI 1 BTOpoit wactoTsl JIO 910 MI'1, iepBbIid CUTHAT
190 S-xpuBoli MPOU3BEICH, U COOTBETCTBYIOIINI
curHanbHbli curHan 200 mpomsBeneH. Takum
obpasom, koraa, ECJIU curnan frequencyequals 920
MI' nepBsiii curHanbHbiid curaan 200 mpou3BeIeH.

Y S-kpuBOW TUCKPUMHHATOPA €CTh OTHOCHUTEIIHHO
OBICTPBIN IEepex o] MEKIY MOJIOKUTEIBHBIMU U
OTpHULIATENILHBIMU 00J1acTAMU KpUBOM. OJHAKO KaK

(G yHKIMS CUIbI CUTHANA, IOCKOJIbKY YaCTOTa BTOPOTO,
ECJIN curnan npubnmnxaercs K MOICcy
mickpumuHatopa 164 thena orsera, npousseeHa.




thenaresponse is generated.

Consequently asindicated in FIG. 8 the
stronger the received signal the earlier in
time the S-curve is generated. Thus for
stronger signals an alarm signal may
actually be generated earlier and earlier in
time. However, the stronger thereceived
signal, the more mistuning which exists.

On the other hand, if the received signal
has arelatively small amplitude then the
signal isgenerally not detectable until the
signal is precisely at 910 MHz. Thus,
several S-curves 190 are shown in FIG. 8
to represent the various times atwhich the
S-curve signal is generated depending on
the above-mentioned factors.

Consequently the leading edge of the
alarm signal may also have avariationin
time corresponding to the generation of
the S-curves. However the transition
from the positive peak of the
discriminator S-curve signal to the
negative peak of theS-curve signal is
relatively rapid, thus the transition point
remains relatively constant regardless of
the received signal strength.

On the falling edge 200a of alarm signal
200 the microprocessor emitsasignal
201 having alow logic level on the jerk
control line 163 (FIG. 5). This causes LO
source 162 to switch frequencies within a
predetermined period of time. The

JERK signal causes the second LO source
162 to provide an LO signal having a
frequency which is higher, in this
example, by 5 MHz, than the frequency
of the LO signal initially provided by
source 162.

This frequency switch may be
accomplished by making atransistor
collector-base capacitance of source 162
emul ate the capacitance of avaractor
diode. Thusthe collector-base
capacitance is changed as a function of
bias signal. This change incapacitance
changes the frequency of the signal

CrnenoBatensHO Kak o0o3Haueno B PYIC. 8 Gonee
CHJIbHOE TIOJTYYCHHBI CUTHAII paHee BOBpeMs S
KpuBas npoussesieHa. Takum ob6paszoM i 6osiee
CHJIbHBIX CUTHAJIOB CUTHAIIBHBIN CUTHAII MOXKET
(dakTHuecku ObITh MPOU3BEJICH PaHEE U paHee
BoBpemsi. OiHako, ueM Oosiee cuibHbIe thereceived
CUTHAJIM3HUPYIOT, TeM OoJibiie Mistuning, kotopoe
CYIIECTBYET.

C npyroi CTOPOHBI, €CJIH Y IMOJTYYSCHHOTO CUTHAJIA
€CTh OTHOCUTEIIFHO MaJICHbKasl aMILTUTY JIa TOT /1A,
CUTHAJI BOOOIIIE HE 0OHAPYKUM, TIOKA CUTHAJT HE
touyHo B 910 MI'ti. Takum 00pa3om, HECKOJIBKO S
kpuBbix 190, kak noka3seBaioT, B PVIC. 8
Npe/ICTaBIISAIOT pa3inuHbie BpeMeHa awhich, curaan
S-KpUBOIi MPOU3BEJICH B 3aBUCMOCTH OT
BBIIICYTOMSHYTBIX (PaKTOPOB.

CremoBaTeNbHO Y TMIEPEIHEr0 Kpasi CATHAILHOTO
CHUTHAJIa MOYKET TaK)Ke OBITh N3MEHEHUE BO BpemMmH,
COOTBETCTBYSI ITOKOJICHUIO S-KpUBBIX. OTHAKO

MIEPEX 0T OT IMOJIOKHUTEITHHOTO MMMKa CHTHAJIA S-KPUBOU
AUCKPpUMHHATOPA K OTpUIATCIbHOMY IIMKY CUTHAJIa
theS-kpuBoii OTHOCUTEIBHO OBICTP, TAKUM 00pa3OM
ITYHKT IePEX0/1a OCTACTCSI OTHOCUTEILHO TOCTOSIHHBIM
HE3aBUCUMO OT HOJ'Iy‘-ICHHOfI CHJIbI CUTHaJIA.

Ha namaromem kparo 200a curnansHoro curaanra 200
MUKpoIporieccop uciryckaer curaan 201, mveromuit
HU3KNAW JIOTUYECKUN YPOBEHb Ha JIMHUM KOHTPOJIA 32
torukoMm 163 (PUC. 5). Do 3actaBiseT ucrounuk JIO
162 nepeximovaTh 4acTOTHI B Ipeaesax
IPEI0PEICTICHHOTO TIPOMEKYTKA BPEMCHH.

JERK signal 3acrasusiet BTopoii ucrounuk JIO 162
obecrieunBath curnai JIO, umeronuii 4acToTy,
KOTOpasl BBIIIE, B 3TOM IIpuMepe, Ha 5 MI'1i, uem
yacToTa curHaia JIO, nmepBoHayabHO 00ECTICYEHHOTO
HUCTOYHUKOM 162.

DTOT BBIKJIFOYATEIh YACTOTHI MOXKET OBITh JOCTHTHYT,
7eriasi eMKOCTh OCHOBBI KOJIICKIIOHEPa TPAaH3UCTOpa
ucToyHnka 162, moapaxaroT eMKocTH vVaractor nquoma.
Takum 00pa3oM OCHOBHAs KOJUICKIHOHEPOM €MKOCTh
U3MEHEHa KaK (QyHKIMS CUTHAJIA YKIIOHA. JTO
U3MeHeHHe i ncapacitanCen3MeHseT 4acToTy CUIHaa,
obecrieueHHOr0 U3 nctouHKka JIO 162,




provided from L O source 162.

By switching the frequency of the LO
source 162 a JERK response signal 192 is
generated. A second alarm signal 202 is
generated in response to the JERK
response signal 192. When the processor
detects the rising edge 202a of the second
alarmsignal 202, the processor emits a
signal 203 having a high logic level on
the jerk control line 163. This causes LO
source 162 to return to its initial
frequency of about 910 MHz and athird
S-curve signal response 194 is thus
generated. Thethirdsignal 194 isthe
signal which would be generated
regardless of use of the JERK signal. The
third response 194 is generated after the
JERK signal isremoved and thusis
referred to as an un-JERKED response
signal.

Thus whenever avalid signal is present,
three alarm signals 200, 202, 204 are
generated. Thefirst and third signals 200,
204 are spaced by atime T.sub.1 whichis
dependant upon the IF frequency and the
sweep rate. For areceived signal inthe X-
band frequency range the spacing T.sub.1
corresponds to atime of about 12.6 msec.
Thus the two outside signals 200, 204
occur asif no JERK signal had been

used. The JERK response 202, on the
other hand is always within the time
window betweenthe first and third signals
202, 204.

Since the frequency of the IF signal is
known to change at a particular rate and
the frequency change which occursin
response to the JERK signal is known to
correspond to 5 MHz, then the second
and third alarm signal should be spaced
by atimeT .sub.Z typically corresponding
to about 3 msec. Thusto verify that an X-
band signal is received, the location of
the signal within the sweep was known,
the JERK signal resulted in an additional
signal being provided, and each of the
signal's wereprovided having
predetermined response and spacing
characteristics. Before generating an

[Tepexmroyas yactory ucrounnka JIO 162 curnan 192
orBeta TOJIYKA npoussenen. Bropoii curHanbHbii
curnan 202 mpousBeieH B 0TBET Ha curHan 192 otBera
TOJIUKA. Korzaa mporieccop oOHapyKHUBaeT
Bo3pacraronuii kpait 202a sroporo alarmsignal 202,
nporeccop ucmyckaet curaan 203, umeronmii
BBICOKHMI JIOTUYECKU YPOBEHb Ha JIMHUM KOHTPOJIA 32
torakoM 163. Dto 3actaBisieT ucrounuk JIO 162
BO3BPAIIATHCS K €r0 HAYaJIbHOM 4acTOTe
npubmsurensHo 910 MIm, u TpeTuii OTBeT curHana
S-kpuBoit 194 takum ob6pa3zom npoussesieH. thirdsignal
194 sBnsieTcst CUTHAIIOM, KOTOPBIH OBLIT OBI
MIPOM3BEACH HE3aBHCUMO OT MCIIOJIb30BAHUS CUTHAJIA
TOJIYKA. Tperuii otBet 194 mpousBeieH mocie Toro,
kak curHan TOJIYKA y nanen u Takum o0pazom
YIOMMHAETCS KaK HeJAePTaBIINid CUTHAII OTBETA.

Takum oOpa3om BCsIKui pa3, Korjaa AecTBUTEIbHBIN
CUTHAJI IPUCYTCTBYET, TPU TPEBOI'H CUTHAIU3UPYIOT
200, 202, 204 npousseneHsl. [IepBbie U TpeThH
curnanel 200, 204 pacnonaratrotest Bpemenem T.sub.l1,
KOTOpBIH siBisiercs mxauBeHueM Ha ECJIN yactorta u
HOpMa 3a4rcTKu. J[i1s nomydenHoro curnania inthe
YaCTOTHBII Jrana3oH X-rpymibsl uaTepai T.sub.1
COOTBETCTBYET BPEMEHH MPUOJIM3UTEIHHO 12.6 Mc.
Takum o6pazom nBa BHenrHuX curHana 200, 204
MpoUCX0AT, Kak 0y aroHukakou curnan TOJIUKA ne
ucnonp3oBaics. Otser TOJIUKA 202, ¢ npyroii
CTOPOHBI BCETIa B Mpe/ielax OKHA BpEMEHU
betweenthe cnauana, u Tpeth curnanusupyet 202,
204.

Taxk xak yactrorta, ECJIN curnai, Kak U3BECTHO,
U3MEHSIeTCS M0 crienn(pUuyecKk ol HOpMe U U3MEHEHUIO
4acCTOThI, KOTOPOE IIPOUCXOIUT B OTBET HA CUTHAII
TOJIUKA, xak u3BecTHO, COOTBETCTBYET 5 MI 11,
TOrZja BTOPOUM ¥ TPETUI CUTHAJIBHBIN CUTHAJI TOJKEH
ObITh pacmosiosker timeT .sub. Z tunudato
COOTBETCTBYIOIIHMIA MPUOIU3UTENBHO 3 MC. Takum
o0pa3oM, YTOOBI TPOBEPUTH, YTO CUTHAT X-TPYIIIIbI
IIOJIy4Y€H, MECTOIIOJIOKEHHNE CUTHaa B IIPeAeax
3a4MCcTKU ObUI0 M3BecTHO, curan TOJIYKA npusen
JIOTIOJIHUTEJIBHOMY CUTHAIly, 0OecrieunBaeMoMy, 1
KaKIbIH U3 CUTHAIOB Wereprovided
MPEIONPEETABIINI OTBET U AEIAOIINI HHTEPBAJIBI
Mex 1y ocobeHHocTaMU . [Ipexrie, ueM mpon3BecTH
CUTHAJIBHBIN CUTHAJI, IIPOLIECCOP MO CYIIECTBY




alarm signal, the processor essentially
examines three timing relationships.
First, the processor determines where in
the sweep the signal first occurred.
Secondthe processor examines the JERK
response signal and third, the processor
examines the un-JERKED response
signal. Thus if each of these elements are
satisfied, the system may conclude that
an X-band signal has been received and
thus an X-band alarmsignal is generated
so indicating this.

Referring now to FIG. 9, the frequency
and timing rel ationships between signals
generated in response to areceived signal
having a frequency in the K-band
frequency range is shown. The K-band
frequency of interest istypically in the
range ofabout 24 GHz. Two timesthe

V CO fundamental frequency istypically
in the range of about 23 GHz. Thus, the
mixer 154 now operates as a difference
mixer with the LO signal frequency being
lower than the frequency of the received
signal.

VCO source 156 still sweeps from ahigh
starting frequency to alow ending
frequency in a 375 msec time period.
Thusavalid K-band signal produces an
IF signal having afrequency which
increases with respect to time as
indicated by curve 209.

Asin the X-band case, microprocessor 49
generates a JERK signal 210 at the falling
edge of thefirst alarm signal 212
generated in response to an S-curve
signal 214. However, since the IF signal
isincreasing in frequency, when the
second LOsource 162 is provides a signal
having a higher frequency in response to
the JERK signal, a second S-curve signal
216 is generated shortly after thefirst S-
curve signal 214. The JERK signal 210 is
then disabled at the edge of a second
alarm signal 218and the VCO frequency
sweep continues to provide athird S-
curve signal 220 and a corresponding
alarm signal 222. Again it should be
noted that the third S-curve signal 220

WCCIIeIyeT TPY OTHOUICHHUsI BEIOOpa BpeMeHH. Bo-
MEPBBIX, TPOLIECCOP OMPEICISET, TAC B 3aUNCTKE
curHa cHavasa npousoinen. [Iporeccop Secondthe
uccnenyert curtan orsera TOJIYKA u B-TpeThuX,
MIPOIIECCOP UCCIEAYEeT HeIepraBIInii CUTHAII OTBETA.
Taxum 00pa3oM, eciu KaKIblii U3 STUX JJIEMEHTOB

Y IOBJIETBOPEH, CUCTEMAa MOXET 3aBEPIIUTH, YTO
curHaji X-rpyIiibl ObLI MOJIYYEH, U TAKUM 00pa3oM X-
rpymnmna alarmsignal mpousBeieHa, Tak yKa3biBas 3TO.

O6pamascs Teneps k PUC. 9, wactoTty u BEIOOD
BPEMEHH OTHOIICHUIA MEKy CUTHAJIaMH,
MIPOU3BEICHHBIMH B OTBET HA IMOJIYYCHHBIN CHTHAI,
uMeromuit gactoTy B K 4acTOTHOro nama3oHa
TPYIIIBL, TIOKa3bIBAIOT. K 9acTOTHI TPYIIIBI HHTEpECa
TUIIMYHO HaxoauTcs B quamna3one ofabout 24 I'Tw. [Isa
pa3a ¢pynnamenraigpHas yacrora V CO TunmaHO
HAXOJIMTCS B MAIa3oHe npuommsurensHo 23 ['T.
Takum o6pazom, mukcep 154 Tenepp paboTaet Kak
MUKCEp pa3inyus ¢ yacToroil curnana JIO,
SIBJISTFOIICHCS HI)KE YeM YacTOTa MOJTyYSHHOTO
CUTHaJA.

Hctounuk VCO 156 Bce elnie 3a4nCTKH OT BBICOKOM
CTapTOBOM YaCTOTHI 10 HU3KOM YaCTOThl OKOHYAHUS B
nepuoe BpeMeHu Ha 375 mc. Takum oOpazom
NEHCTBUTENBHBIN K CHUTHAJA TPYIIBI POU3BOIUT,
ECJIU curnan, umeronuii 4acToTy, KoTopas
YBEIIMYMBACTCSI OTHOCUTEILHO BPEMEHH KaK
o6o3HaueHo kpuBoit 209.

Kak B cimygae X-rpynmsl, Mukponporieccop 49
npom3BouT curHain 210 TOJIYKA na nagaromem
Kparo MEePBOr0 CHTHAJILHOTO cUrHana 212,
MIPOM3BEACHHOTO B OTBET Ha curHan 214 S-kpuBoii.
Onnako, naunnas ¢, ECJIU curnan yBenuauBaercs B
gactore, korjaa Bropoi LOsource 162, o6ecrieunBaet
CHUTHAJI, IMEIOIIUIA 00Jiee BEICOKYIO YAaCTOTY B OTBET
Ha curHan TOJIYKA, Bropoii curnan 216 S-xpuBoii
MIPOU3BEJICH BCKOPE IMociie mepBoro curuana 214 S
kpuBoii. Curaan 210 TOJIYKA - torjia mHBaM Ha
Kparo BTOPOro CUTHAJILHOrO curHania 218and,
3auncTka 9actoTsl VCO mpomoimkaeT o0ecrieunBaTh
Tpetuit curaan 220 S-KpuBoOii U COOTBETCTBYIONTHI
CUTHAJIbHBIN curHan 222. CHOBa HY>KHO OTMETHTH, YTO
tpetuit curaan 220 S-xpuBoi pou3omen Obt
He3aBUCHMO OT ucnojip3oBanus curnana TOJIUKA.
IlepBoe u kpuBas tpereit 214, 220 u TpeBora




would have occurred regardless of use of
the JERK signal. The first and thirdS-
curve 214, 220 and alarm signals 212,
222 thus correspond to the pair of signals
needed to generate avalid alarm signal.

The first and third signals 214, 220 and
212, 222 are here spaced by a Time
T.sub.3 related to the frequency of the
second harmonic LO signal and the
sweep rate. Thus, the spacing between
the first and third S-curve signalsis about
one-half thetime spacing in the X-band
case which corresponds to about 6.3
MSEC.

The total change in received signal
frequency between the first and third
alarm signals 212, 222 is about 20 MHz.
However, a zero beat signal occurs one-
half way between the first and third alarm
signals. The frequency change provided
by theJERK signal is selected to
correspond to about one-fourth the
frequency distance between afirst signal
and zero beat. Thus the frequency change
introduce by the JERK signal is selected
to be about 5 MHz.

Other frequency changes besides 5 MHz
could also be used. For example, the
change in frequency provided by
application of the JERK signal could be
provided as 2.5 MHz or 7.5 MHz. It
should be noted, however, that if the
frequency change causedby the
application of the JERK signal is selected
to be smaller than 5 MHz, then
microprocessor 49 must be capable of
measuring relatively small increments of
time. Similarly, if the frequency change
caused by the application of the JERK
signal isselected to be larger than 5 MHz,
then when making comparisons between
signalsinthe K and Ka-band frequency
ranges, the VCO nonlinearity could
appear to become even more pronounced.

Processing for identification of X and K-
band signals may be accomplished on the
same sweep. Processing to identify
signals in the Ka-band frequency range

curHanm3upyrot 212, 222 takum o6pazom
COOTBETCTBYIOT Map€ CUTHAJIOB, JIOJDKEH ObLT
MPOU3BECTHU JICUCTBUTEIIbHBIN CUTHAIBHBINA CUTHAI.

[epBoie u TpeThu curHamnsl 214, 220 u 212, 222 31ech
pacrionararotcst Bpemenem T.Sub.3, cBs3aHHbIH ¢
4acToToi BTOpoi rapmonuku curtai JIO u Hopma
3a9uCTKHU. Takum 00pa3oM, HHTEPBAIT MEKIY
MIEPBBIMH U TPETHHMU CUTHAJIAMU S-KPUBOH O
noJsioBuHe thetime nenarommuii HHTEpBaIIBI B CiTydae X-
TPYTIIBI, KOTOPBIA COOTBETCTBYET MPUOIN3UTEIEHO

6.3 Mc.

[TonHOE M3MEHEHHE B MOJTYYEHHON YacTOTE CUTHAJIA
MEXKy IIEpBOM U TPEThEW TPEBOTOM CUTHAIU3UPYET
212, 222 npubmmsurensHo 20 MI'. OqHako, HyIeBOU
CUTHAJI y1apa MPOUCXOINT MOJOBUHA ITyTH MEXKTY
MEPBBIMU U TPETHUMH CUTHAJBHBIMH CUTHAJIAMH.
H3meHeHre 4acTOTHI, 00ECIIeUeHHOS CUTHAIOM
theJERK, oToOpano, 4T0OBI COOTBETCTBOBATh
MPUOM3UTEIHLHO OJTHOM YETBEPTU PACCTOSTHUE
YaCTOTHI MEXIy IEPBHIM CUTHAJIOM U HYJICBBIM
yaapom. Takum 00pa3omM U3MEHEHHE YaCTOTHI BBOJIUT
curHasioM TOJIYKA, otobpan, 4T00bI OBITH
npubau3uTensHo 5 MI .

Hpyrue uamMeHenus 4actotsl nomumo S5 MI't morim
TaK)Ke UCTOJIB30BaThCsA. Hanpumep, n3MeHEHHE B
yacToTe, 00ecreueHHO! 3asiBJICHUEM CUTHaja
TOJIUKA, moriio ObITE 00ecieueHo Kak 2.5 MI' mim
7.5 MI't. Hy>HO OTMETHUTH, OJTHAKO, YTO, €CITH
u3MeHeHue 9acToThl causedby 3asBiieHHe curHaa
TOJIUKA oto6pano, 4TOO0BI OBITH MEHBIIIUM Y€M 5
MTI 11, To Mukpormporeccop 49 noinkeH ObITh
CHOCOOHBIM K U3MEPEHUI0 OTHOCUTEIHHO MaJeHbKUX
MIpUpPALLECHUN BpeMeHH. T 04HO Tak ke, eciu
M3MEHEHHE YaCTOTHI, BRI3BAaHHOE 3asIBJICHUEM
TOJIUKA, curnanusupyert i sselected, 4To0b1 ObITh
6oapmM yem 5 MI'L, 10, enast cpaBHEHUS MEXTY
CUTHAJIaMH B YaCTOTHBIX Auana3onax K n Ka-rpymmsr,
HenuHerHocTh V CO, MOrjIo Ka3aThCs, CTalla elle
OoJee SIBHOIA.

O6paboTka it uaeHtTugukanuu X u K cursanos
IPYIIIBI MOKET OBITh JOCTUTHYTa Ha TOW e caMoi
3aunctke. O0paboTKa, YTOOBI NAEHTU(ULIUPOBATD
CHTHAJIBI B YaCTOTHOM Jana3oHe Karpymsr MoKeT




may require an additional sweep aswill
be explained in conjunction with FIG. 10.

Referring now to FIG. 10, the frequency
and timing relationship between signals
generated in response to areceived signal
in the Ka-band frequency range is shown.
In the embodi ment described herein, the
total operational Ka-band frequency
rangeistypically of about 33.4 GHz to 36
GHz.

In the Ka-band frequency range, the LO
signal provided by VCO 156 may have a
frequency either below or above the
frequency of the RF signal received by
antenna 152. Consequently, depending on
whether the LO signal frequency is above
or below thereceived RF signal
frequency, the first IF signal may be
provided having either a decreasing
frequency or an increasing frequency
with respect to time as indicated by
curves 250, 251. Thus, one JERK signal
response 252 may be provided for an IF
signalhaving an increasing frequency and
asecond different JERK signal response
254 may be provided for an |F signal
having a decreasing frequency .

In the Table is shown an example of an
operating frequency range which may be
used in aradar detector similar to the
radar detector circuit 14 (FIG. 1). Inthe
Table, the VCO providesan LO signal
which sweeps in frequency from 11.885
GHz t011.259 GHz in 370 msecs. It
should be noted that microcontroller 49
may be programmed such that particular
frequency ranges within the overall
frequency range may be excluded from
the operational bandwidth of the device.
Thus, it is possible to providea radar
detector having different operational
frequency regions while still providing
detector coverage over the total
frequency range.

HOTp€6OBaTB, T-ITO6I>I JOIIOJTHUTCJIbHAS 3a4YNCTKA KaK
ObLU1a 00BsAcHeHa B coennuennn ¢ PHC. 10.

O6pamascs Teneps k PUC. 10, gacTtoTy u BBIOOD
BPEMEHH OTHOIICHUIA MEKy CUTHAJIaMH,
MIPOU3BEICHHBIMH B OTBET Ha IMOJYYCHHBIH CUTHA B
9acTOTHOM Juana3zoHe Karpymmsl, mokas3sBamT. B
BOILJIOIIEHUH , OITMCAHHOM 3J1€Ch, ITOJTHAs
IKCIUTyaTaloHHas yactota Karpyrisl rangeis
tannaHO puOIu3nTeNbHo 33.4 [T k 36 ['Tm.

B wacrotnom nuanazone Karpynms! y curnana JIO,
obecrreuennoro VCO 156, MokeT OBITh 4acTOTa WIH
HIDKE WM BBIIIE YacTOThI curHasia RF, momydenHoro
anTeHHoi 152. CnenoBaTeiibHO, B 3aBUCUMOCTH OT
TOTO, SIBJISIETCS JIU yacToTa curHaia JIO BeIte win
ke thereceived RF wactoToii curnana, nepsoe,
ECJIN cursain MokeT OBITh 00€ecIieueH, UMes TN
YMEHBIIAIONTYIOCS YACTOTY WJIN YBEITUYHBAIOIIYIOCS
4aCTOTY OTHOCUTEIHHO BPEMEHHU KaKk 0003HAUYECHO
kpuBbiMu 250, 251. Takum 0O6pa3om, OJTMH OTBET
curaaia TOJIUKA 252 moxeT ObITh PEyCMOTPEH,
ECJIU signalhavingysenuunBaromiascs 4actoTa u
BTOpO# pa3muunsklii otBeT curHaia TOJIYKA 254
MoskeT ObITh Ipenycmotped ECJIN curnan, umeromuii
YMEHBIIAIONTYIOCS YaCTOTY.

B Crone nokaszan npumep onepanuoHHOTO YaCTOTHOTO
JMara3oHa, KOTOPhIA MOKET HCIIOJB30BATHCS B
pazapHOM JIaT4YHKE, I0J0OHOM palapHOMY
Kkpyroodopoty naruuka 14 (PUC. 1). B Crone VCO
oOecnieynBaet curaai JIO, KOTOpbIil 0XBaTHIBAET B
gacrote oT 11.885 T t011.259 I'T1 B 370 msecs.
Hy>xHO 0T™MeTHTB, 4TO MUKpOuctieTdep 49 Moxer
OBIThH 3aIPOrPaMMHUPOBAH TaKUM 00pa3oM, 4TOObI
crnienn(pUIecKre YacTOTHBIC IUATIa30HbI B ITPEIeIax
MOJTHOTO YaCTOTHOTO JMAIa30Ha MOTJIH OBITH
WCKJTFOYCHBI U3 DKCIUTY ATAIITHOHHOM TI0JIOCHI
MIPOITYCKaHUs ycTpoiicTBa. Takum 00pazom, 3To
BO3MOJKHO Ha ProvideapanapHblii JaT4MK, UMEIOLIMN
pa3IMYHbBIE SKCIUTy aTallMOHHBIE 00J1ACTH YacTOTHI, BCE
ere oOecreyrBasi OCBEIICHNE JaTIYNKA IT0 TIOJTHOMY
9aCTOTHOMY JTHAIIa30HYy.




TABLE

LO FREQ 3d Harmonic LO below RF
LO above RF Time (msec) (MH.sub.z)
(MH.sub.z) (MH.sub.z) (MH.sub.z)

0
11885.0 35655.0 36535.0 34775.0 10
11868.135604.3 36484.3 34724.3 20
11851.2 35553.6 36433.6 34673.6 30
11834.3 35502.9 36382.9 34622.9 40
33817.4 35452.2 36332.2 34572.2 50
11800.5 35401.5 36281.5 34521.5 60
11783.6 35350.8 36230.8 34470.8 70
11766.7 35300.1 36180.1 34420.1 80
11749.835249.4 36129.4 34369.4 90
11732.9 35198.7 36078.7 34318.7 100
11716.0 35148.0 36028.0 34268.0 110
11699.1 35097.3 35977.3 34217.3 120
11682.2 35046.6 35926.6 34166.6 130
11665.3 34995.9 35875.9 34115.9 140
11648.4 34945.2 35825.2 34065.2
15011631.5 34894.5 35774.5 34014.5
160 11614.6 34843.8 35723.8 33963.8
170 11597.7 34973.1 35673.1 33913.1
180 11580.8 34742.4 35622.4 33862.4
190 11563.9 34691.7 35571.7 33811.7
200 11547.0 34641.0 35521.0 33761.0
210 11530.1 34590.3 35470.3 33710.3
220 11513.2 34539.6 35419.6 33659.6
230 11496.3 34488.9 35368.9 33608.9
240 11479.4 34438.2 35318.2 33558.2
250 11462.5 34387.5 35267.5 33507.5
260 11445.6 34336.8 35216.8 33456.8
27011428.7 34286.1 35166.1 33406.1
28011411.8 34235.4 35115.433355.4
290 11394.9 34184.7 35064.7 33304.7
300 11378.0 34134.0 35014.0 33154.0
310 11361.1 34083.3 34963.3 33203.3
320 11344.2 34032.6 34912.6 33152.6
330 11327.3 33981.9 34861.9 33101.9
340 11310.4 33931.2 34811.2 33051.2
350 11293.5 33880.534760.5 33000.5
360 11276.6 33829.8 34709.8 32949.8
370 11259.7 33779.1 34659.1 32899.1

The first column of the Table shows the
dynamic system time in msec. The
second column shows the fundamental
frequency of the LO source 156 &t the
corresponding dynamic times. Thus, an
LO signal having afrequency of 11.885
GHz is here shown atO msec whilein

TABJIMLIA
JIO ®PEK 3-bs ["'apmonuka JIO mrke JIO RF Boime
Bpemenu RF (mc) (MH.sub.z) (MH.sub.z) (MH.sub.z)
(MH.sub.z)

0
11885.0 35655.0 36535.0 34775.0 10 11868.135604.3
36484.3 34724.3 20 11851.2 35553.6 36433.6 34673.6
30 11834.3 35502.9 36382.9 34622.9 40 33817.4
35452.2 36332.2 34572.2 50 11800.5 35401.5 36281.5
34521.5 60 11783.6 35350.8 36230.8 34470.8 70
11766.7 35300.1 36180.1 34420.1 80 11749.835249.4
36129.4 34369.4 90 11732.9 35198.7 36078.7 34318.7
100 11716.0 35148.0 36028.0 34268.0 110 11699.1
35097.3 35977.3 34217.3 120 11682.2 35046.6
35926.6 34166.6 130 11665.3 34995.9 35875.9
34115.9 140 11648.4 34945.2 35825.2 34065.2
15011631.5 34894.5 35774.5 34014.5 160 11614.6
34843.8 35723.8 33963.8 170 11597.7 34973.1
35673.1 33913.1 180 11580.8 34742.4 35622.4
33862.4 190 11563.9 34691.7 35571.7 33811.7 200
11547.0 34641.0 35521.0 33761.0 210 11530.1
34590.3 35470.3 33710.3 220 11513.2 34539.6
35419.6 33659.6 230 11496.3 34488.9 35368.9
33608.9 240 11479.4 34438.2 35318.2 33558.2 250
11462.5 34387.5 35267.5 33507.5 260 11445.6
34336.8 35216.8 33456.8 270 11428.7 34286.1
35166.1 33406.1 280 11411.8 34235.4
35115.433355.4 290 11394.9 34184.7 35064.7
33304.7 300 11378.0 34134.0 35014.0 33154.0 310
11361.1 34083.3 34963.3 33203.3 320 11344.2
34032.6 34912.6 33152.6 330 11327.3 33981.9
34861.9 33101.9 340 11310.4 33931.2 34811.2
33051.2 350 11293.5 33880.534760.5 33000.5 360
11276.6 33829.8 34709.8 32949.8 370 11259.7
33779.1 34659.1 32899.1

[lepBas kosonka TabynIbl MOKA3bIBAET TUHAMUYECK O
BpeMs CUCTEMBI B MC. BTOpas KoJloOHKa MOKa3bIBaeT
dbyHIaMeHTaIbHYI0 YacToTy Hetounnka JIO 156 B
COOTBETCTBYIOIIME AUHAMUYECKUE BpeMeHa. Takum
obpasom, currainy JIO, nmeromemy gactory 11.885
I'T, 3nech mokaseiBaroT at0 Mc, B TO BpeMs Kak B
PUC. 6 ToT ke caMblii cUrHai, KaK ITI0Ka3bIBaJIN OBbl,




FIG. 6 the same signal would be shown

to occur at the 50 msec time period. The
third column shows the frequencies of the
third harmonic of the LO signal.

The fourth and fifth columns show the
frequencies corresponding to the low side
LO and high side LO cases. That is, the
IF signal may be aresult of alow side
LO (Column 4) or of ahighside LO
(Column 5). Thus, during the time period
between0 msec and 280 msec the IF
signal may have a decreasing frequency.

Similarly during the time period between
80 msec and 375 msec the |F signal may
have an increasing frequency. Finally
during the time period between 80 msec
and 280 msec the IF signal may be the
result of either alow side LO or ahigh
side LOand thus in thisregion the IF
signal may have afrequency which either
decreases or increases with time.

Referring now to FIGS. 11 and 12, itis
known that there exist receiver circuits
which are specifically provided to detect
the presence of aradar detector circuit
such as radar detector circuit 14 (FIG. 1).
Such receiver circuits typicallydetect the
presence of aradar detection circuit by
detecting the first LO signal of the radar
detector. Thus a person having such a
receiver circuit is able to detect avehicle
equipped with aradar detector.

One particular type of such areceiver
circuit includes an LO signal source
having a swept signal source which
provides asignal having atriangular
shape. That is, the signal source sweeps
between first and second different
frequencies in apredetermined amount of
time. Such receiver circuits are effective
for determining the existence of radar
detectors which use a fixed frequency
oscillator.

The radar detector of the present
invention, however, uses a swept
frequency oscillator e.g. VCO 156 (FIG.

npowmsomnien 06l B meproae Bpemenu Ha 50 mc. Tperbs
KOJIOHKA TIOKa3bIBACT YaCTOTHI TPETHEH TapMOHUKHI
curnaia JIO.

YeTBepThle U MATHIE KOJOHKH TIOKA3bIBAIOT YaCTOTHI,
COOTBETCTBYIOIIME HU3KOM cTopoHe JIO u Bbicokas
cropona cirydau JIO. Takum o6pazom, ECJIN curnan
MOJKET OBITh PE3YyJIbTATOM HU3KOU CTOpOHBI JIO
(Kononka 4) uiu Beicokoi croponsl JIO (Kosonka 5).
Takum o6pas3om, Bo BpeMs IepHojia BpEMEHU
betweenO mc u 280 mc, ECJIU y curnaza MokeT ObITh
yMEHbIIAIoNIasics 4acToTa.

Tax >xe Bo Bpems nepuojia BpemeHn Mexy 80 Mc u
375 mc, ECJIN y curnana MoXeT ObITh
yBEIIMYMBAIOMIasics yacTota. HakoHer Bo Bpemst
nepuoaa Bpemenu Mexay 80 mc u 280 mc, ECJIN
CHTHAJI MOXET OBITh Pe3yJIbTaTOM HITH HU3KOM
croponbl JIO wiu Beicokoii croporsl LOand Takum
oOpazom B 3toi o6nactu, ECJIN y curnana moxer
OBITh YaCTOTa, KOTOPAs MJIM YMEHBIIIACTCS WIIH
YBEIIMYMBACTCS CO BPEMEHEM.

Oo6pamasce tereps k PUC. 11 U 12, u3BectHO, 9TO
TaM CYIIECTBYIOT KPYrooOOpOTHI MPHEMHHKA,
KOTOPEIE OTIPEJIeTICHHO 00ECIIeYEeHbI, YTOOBI
00HapyXHUTh MMPUCYTCTBHE PaTapHOrO KPyroodbopora
JIaTYUKa, TAKOTO KaK paJiapHbIil KpyrooOOpoT TaTanKa
14 (PUC. 1). Takue Kkpyroo0OpOThl IPUEMHHKA
typicall ydetect npucyrcrBue pagapHoro kpyroobopora
oOHapy’KeHus, 0OHapykuBas nepsbiii curnan JIO
panapHoro nat4yuka. Takum 00pa3oM YesoBek,
MMEIOLIUI TaKoll KpyroobopoT MPUEMHHUKA, B
COCTOSIHUHM OOHapYKUTh TPAHCIIOPTHOE CPEJICTBO,
000py TOBAaHHOE PaTAPHBIM JTATUUK OM.

OnuH cnenuUUecKuii THI TaKOTro Kpyrooooporta
MIpUEMHHKA BKJIKOYAeT UCTOYHUK curHaia JI1O,
MMEOIIMI OXBAYEHHBIM UICTOYHUK CUTHaa, KOTOPBIN
o0ecrieyrBaeT CUrHall, UMEIOIIUN TPEYT0JIbHYIO
dhopmy. Takum 00pa3om, HICTOYHUK CHTHAJIA HECETCS
MEX/1y EPBBIMU U BTOPBIMU PA3IMYHBIMU YacTOTaMHU
B apredetermined konruectBe BpeMeHu. Takue
Kpyroo6opoTsl npueMHuKa 3 (peKTUBHBI ISl TOTO,
YTOOBI ONPEENIUTh CYIIECTBOBAHUE PaIapHBIX
JaTYUK OB, KOTOPbIE UCTIOIb3YIOT HETIOBUKHBII
reHepaTop 4acTOTHI.

PanapHblil 1aTyuK CyIIECTBYIOIIEr o H300peTeHH S,
OJIHAKO, UCIIOJIb3YET OXBAYEHHBIN T€HEPATOP YaCTOTHI
Hanpumep. VCO 156 (PUC. 1), a He HeNoABWKHBIN




1) rather than a fixed frequency
oscillator. Thus both the radar detector 14
(FIG. 1) of the present invention and the
above specifiedreceiver circuit sweep
frequencies. Consequently, the LO
signals of each system sweep past each
other in time. Thus, with the present
invention it isrelatively difficult for such
areceiver circuit to detect the presence of
radar detector 14 since twofrequencies
are sweeping past each other.

Furthermore, as shown in FIG. 11, in the
present invention every third sweep
performed by VCO 156 includes a check
sweep portion 270 during which the
present invention operates as a fixed
frequency device. That is, LO source 156
stops the sweepand emitsasignal at a
single frequency for atime period
T.sub.CS, which may, for example,
typically be about 140 msec. Thus, radar
detector 14 can receive the sweep signal
emitted from the receiver circuit.
Consequently, if the sweep rate,
sweepfrequency and modul ation wave
shape of the receiver circuit are known
then the presence of the receiver circuit
may be detected.

If no receiver circuit is detected then the
radar detector returns to the normal radar
sweep frequency mode of operation. If,
however, areceiver circuit is detected
then radar detector 14 provides an alarm
signal, and radar detector 14 "goes
tosleep” for a predetermined period of
time. This may be accomplished for
example, by tuning VCO 156 to provide
asignal having afrequency outside the
frequency range of the receiver circuit.
VCO 156 would emit such asignal for a
pre-determined periodof time T
corresponding to 20 seconds for example.
After the predetermined period of time,
the radar detector again attempts to
determine if the receiver circuit is
present. This sequence is repeated until
radar detector 14 no longer detects
thepresence of the receiver. Radar
detector 14 then returns to its normal
processing mode and resumes it normal

reHepaTop 4acToThl. Takum 00pa3oM U paJapHbIil
natauk 14 (PUC. 1) cymiecTByomero u3o0peTeHus u
BhILIICYIOMsIHYTOE SPeEci fiedreceiverdactoTsl
3a4UCTKU Kpyroodopota. Ciie10BaTeIbHO, CUTHAIIBI
JIO xaxxaoii cucTeMbl MPOHOCSITCS MUMO JIpYT ApyTa
BoBpeMs. TakuM 00pazoMm, ¢ CyIIECTBYIOIUM
n300peTeHNeM TSl TAKOTO KPyroo0opoTa MpueMHHUKA
OTHOCHUTEJIFHO TPY JHO OOHAPYKUTh NPUCYTCTBUE
panmaproro aatdrka 14, tak kak twofrequencies
MIPOHOCATCSI MUMO JIPYT APYTa.

Kpowme toro, kak nokazano B PUC. 11, B
CYIIECTBYIOIIEM H300PETEHUH KaXKAasi TPEThs
3ayucTKa, BeioyiHeHHas V CO 156, BKiIroyaeT 4acThb
3a4nCTKH poBepku 270, BO BpeMsi KOTOPOTO
CYIIECTBYIOIIee n300peTeHne padoTaeT Kak
HEMO/IBUYKHOE YCTPOICTBO 4acTOThl. Takum oOpasom,
uctounuk JIO 156 octaHoBok Sweepand ucmyckaer
CUTHaJ B €IMHCTBEHHOW YacTOTE KaK0e-TO BPEeMsI
nepuoj T.sub. CS, koTopslit MOXKET, HATIPUMED,
TUIIMYHO COCTABIIATH puOm3uTensHo 140 mc. Takum
o0OpasoM, pagapHbIi JaT9uK 14 MOXKET MOJTyYUTh
CUTHaJI 3a4MCTKH, UCITyCKaeMbIil OT KpyroobopoTa
npueMHuka. Cie10BaTeabHO, €CIIM HOpMa 3aYHUCTKH,
sweepfrequency u gpopma BOJIHBI MOAY SN
Kpyroo6opoTa MpueMHHUKA U3BECTHBI TOT /1A,
MIPUCYTCTBHE KPYTrooOOpOTa MPUEMHHKA MOXKET OBIThH
0OHapyXEeHO.

Ecnu Hukakoi KpyroobopoT npueMHHUKa He
oOHapy’K€eH TOr'a, paJapHblil 1aTYMK BO3BpaIIaeTCcs K
HOPMaJIbHOMY paZlapHOMY PEKUMY pabOThl 4aCTOThI
3auncTku. Ecnu, oHaKo, KpyroobopoT npueMHHUKa
oOHapy’KeH TOrAa, pajgapHblil natuuk 14
o0ecreyrBaeT CUTHAJIbHBIA CUTHAJI, M paJapHBbIi
natuuk 14 "unet tosleep” mis mpemonpeaeIeHHOro
MIPOMEXKYTKA BPEMEHH. ITO MOXKET OBITh IOCTUTHYTO
Hanpumep, HactpauBas V CO 156, 4To0sl 00ecrieYnTh
CUTHaJI, UMEIOIIUN YacTOTY BHE YaCTOTHOI'O
auarasoHa kpyroooopora nmpuemanka. VCO 156
ucIycTui Obl TaKOM CUTHAJ B TEUEHUE
npeponpeaeacHuoro periodof Bpemenn T
cootBerctBHe 20 cekynmam Hapumep. [Tocme
MIPeI0NPEIETICHHOIO MPOMEXKYTKA BPEMEHU paJapHbIii
JaTYUK CHOBA MBITAETCS ONPENIEIUTh, IPUCYTCTBYET
JIM KpyrooOopoT NpueMHuKa. J1a
[IOCJIEJ0BATENILHOCTh [TOBTOPEHA, [TOKA paJapHbIil
natuuk 14 Gosbine He oOHapyxuBaeT thepresence
npueMHuka. Pagapueiit natank 14 Torna Bo3BpaiieHus
K €ro HOpMaJbHOMY CITOCO0Y 00pabOTKH U pe3toMe
9TO HOPMaJbHbIE IIArH 3aYUCTKU.




sweep steps.

Referring briefly to FIG. 12, thetime
spacing S.sub.1 between a pair of un-
JERKED signals 280, 282 resultant from
asignal sweep performed by areceiver
circuit allows the radar detector processor
to compute the receiver circuit sweep
rate. Thetime spacing designated S.sub.2
isaresult of the present constant VCO
frequency. Thetime spacing S.sub.3 may
be used to compute the rate between
which the receiver circuit repeatsits
sweep (i.e. the period). After the values
S.sub.1 and S.sub.3 arecomputed they are
compared with values indicative of a
receiver circuit. If the S.sub.1 and S.sub.3
values match the threshold values, then
the radar detector processor concludes
that areceiver circuit has been detected.
Thus both the S.sub.1 andS.sub.3 values
are required to verify that the received
signal is provided by areceiver circuit.

The leading edge of alarm signal 280
occurs a arelatively imprecisely defined
point in time since it is dependent on the
strength of the received signal. The
falling edge of alarm signal 280 however,
occurs a arelatively well defined pointin
time. In asimilar manner, the leading
edge of alarm signal 282 occurs at a
relatively well defined point in time

while the falling edge occurs a an
imprecisely defined point in time. Thus,
the spacing S.sub.1 is measured from the
falling edge ofalarm signal 280 and the
rising edge of alarm signal 282. Similarly
the spacings S.sub.2 and S.sub.3 are
measured between rising edges of alarm
signals as shown. Those of ordinary skill
in the art will recognize of course that
either edge of the alarmsignals may also
be used as long as an accurate
measurement may be made.

Referring now to FIG. 13 aradar detector
circuit 300 includes an analog signal
processing portion 302 which receives a
signal from a microwave mixer at an
input port 301. Analog processing circuit

Oo6pamasice kpatko k PUC. 12, Bpems, nenast
UHTEpBabl MeX Iy S.Sub.1 mexay napoit
HeaepraBmux curHaioB 280, 282 pe3ybTaHTa OT
3a4MCTKU CUTHAJIA, BBIIOJHEHHON KPyroo6opoTom
MIPUEMHHKA, TTO3BOJISIIOT PaAapHOMY IPOIIECCOPY
JaTYMKa BBIYUCIISATH HOPMY 3a4UCTKH Kpyroooopora
npueMHuKa. Thetime untepBai Mexay
omnpenensieMbiM S.SUD.2 siBIIsIeTCs pe3yIbTaTOM
cymrecTByromei mocrossHHON gacTothl VCO. Bpewms,
nernasi MHTepBajibl MeX Iy S.sub.3 moxer
UCII0JIb30BATHCS, YTOOBI BBIYUCIUTD HOPMY, MEKIY
KOTOPOH KPyrooOOpOT NPHEMHHUKA MOBTOPSIET CBOKO
3a4nCTKY (TO ecTh mepuon). [locne rienHocTei S.sub.1
u S.sub.3 arecomputed oHH MO CpaBHEHHUIO C
[ICHHOCTSIMH, TIOKa3aTeIbHBIMU M3 KPyroodopoTa
npuemunka. Eciu nennoctu S.sub.1 u S.sub.3
COOTBETCTBYIOT IIOPOTOBBIM 3HAYCHUSM, TO palapHbIi
MIPOIIECCOP AaTYMKa 3aBEPIIALT, YTO KPYroodopoT
IpueMHHKa ObuT 0OHapyxkeH. Takum oOpa3zom 00a,
S.sub.1 andS.sub.3 1ieHHOCTH 00513aHBI IPOBEPSTH, YTO
MOJTyYEHHBIN CUTHAJ 00eCIieueH KpyroooopoTomM
PUEMHHUKA.

[epemuwmii kpaii curHanpHOTO curHana 280
MIPOMCXOHT B OTHOCUTEIIFHO HETOYHO OIPEICTICHHOM
ITyHKTE BOBPEMsI, TaK KaK 9TO 3aBUCHT HAa OCHOBAaHHUU
ITOJIy4€HHOro curnaia. [lamarommii Kpail CHTHaJIbHOTO
curHana 280 oJTHaKO, IPOUCXOJUT B OTHOCUTEIHHO
XOpOIIIO onpeeieHHoe Pointin Bpems. B moao6Hoi
MaHepe TepeHNI Kpail CHTHAJIBHOTO curHaia 282
MIPOMCXOINT B OTHOCUTEIIFHO XOPOIIO OIPEIeTICHHOM
ITYHKTE BOBPEMs, B TO BpEMsI KaK ITaJaroIni Kpan
MPOMCXOINT B HETOYHO OTPE/ICICHHOM ITYHKTE
BoBpeMsi. Takum 0Opa3om, uatepBan S.sub.1 usmepeH
ot najaromiero kpas ofalarm curnan 280 u
BO3pacTaloNUii Kpail CUTHAIBHOTO curHaia 282. Tak
e naTepBaibl S.sub.2 u S.sub.3 usmepeHs! MEKIY
BO3PACTAIOIIIMH KPassMU CUTHAJIBHBIX CUTHAJIOB KaK
noka3aHo. TakoBbIe U3 OOBIYHOTO HABBIKA B HCKYCCTBE
MPU3HAIOT KOHEYHO, UTO JII000# Kpait alarmsignals
MOJKET TAaKXKe MCIIOJIB30BATHCS, TIOKA TOYHOE
U3MEpEeHUe MOXKeET ObITh CIIENaHO.

O6pamenne teneps k PUC. 13, pagapubiid
Kpyroo6opot natanka 300 BKIFOYaeT aHAIOTOBYIO
gacTh 00paboTku curaana 302, KOTOPBIH MoJTydaeT
CHUrHajl OT MUKPOBOJIHOBOI'O MUKCEpPA BO BXOJHOM
nopty 301. Kpyroo6opot o6paboTku ananora 302




302 couples an appropriately filtered
andamplified signal through a
transformer 304 to the input port of a
detector 306. Detector 306 may be
provided, for example, as an FM detector
chip manufactured by ROHM and
identified as part no. BA4111F.

FM detector chip 306 generates the so-
called S-curve signals which are fed
along a signal path 308 to the input port
of acomparator 310. The output of
comparator 310 is normally high and
when the signal level of the S curve fed
thereto reachesa predetermined threshold
the signal level at the output port of
comparator 310 is switched to alow
state.

The output of comparator 310 is fed to an
input port of a second comparator 312. A
second input port of comparator 312 is
coupled to areference voltage

V .sub.REF. The output of comparator
312 isnormally low, however when the
signal fed fromcomparator 310 causes the
output of comparator 312 to go high, an
alarm signal is provided at terminal 314.

As mentioned above, the output of
comparator 310 is normally high.
However, when the output signal from
comparator 310 goes low transistor 318is
biased into its nonconduction state and
thus provides an open circuit impedance
characteristicbetween transistor 320 and
transistor 321.

When comparator 310 provides a low
voltage signal the base electrode of
transistor 318, goes low and transistor

318 is biased into its non-conduction
state. This open circuits the constant
current sink which is reducing the voltage
on capacitorC1 such that the sweep
voltage at the output port of the
noninverting sweep amplifier 322
remains fixed at the voltage and
consequently V CO frequency that
initially generated the alarm signal. If the
signal was above threshold, the analog
sweep stopwill remain until the voltage at

napsl COOTBETCTBEHHO IpomyiieHHbiid andamplified
CUTHaIM3upyer uepe3 tpanchopmarop 304 BXoJHOMY
nopty natarka 306. Jlarank 306 MokeT ObITh
oOecrieueH, Hanpumep, kKak M3 unmna naTanka,
npomsBeaenHoro ROHM, u upeHTHGUIIPOBaAT Kak
yactb HomMep BA4111F.

N3 gynma gqatunka 306 mMpoM3BOAUT TaK HAa3bIBAEMEIC
CUTHAJIBI S-KPUBOH, KOTOPBIE TUTAIOTCS BIOJb MyTH
curnaia 308 BxogHoMy nopTy kKommaparopa 310.
[Mpoxykums komnapatopa 310 0ObIYHO BBICOKA U
KOTJIa YPOBEHb CHTHAJIa KPUBOU S, MUTAEMOM K TOMY
reachesa npeonpeieieHHbII OPOr YPOBEHb CUTHAJA
B MIOPTY MpoayKuH Kommaparopa 310, nepexiroyeH K
HU3KOMY TOCY JapCTBY.

[Mponyxuus kommapaTopa 310 muTaeTcss BXOIHOMY
MopTy BTOpOro kommnaparopa 312. Bropoit BX01HOi
nopT kKommaparopa 312 coelMHEH K CIIPaBOYHOMY
nanpspxernio V .sub. KACATEJIBHOQ Ipoayxius
kommaparopa 312 o0bIYHO HU3KA, OJHAKO KOT/1a
currai Hakopmui fromcomparator 310 npudarHamu
npoAyKuus Komnaparopa 312, 9ToObl MONTH BBICOKO,
CUTHAJIbHBIN CUTHAI o0ecrieueH B TepmuHaie 314.

Kak ynomsiHyTO BBIIIE, MpoayKius Kommaparopa 310
00bI4HO BbIcOKa. OHAKO, KOTJ]a CUTHAJI TPOTYyKIIUU
ot kommnaparopa 310 uzer, Ha HU3KHUI TpaH3uctop 318
OKa3bIBAIOT BJIHMSIHUE B €T0 TOCYIapCTBO
HEIPOBOJIMMOCTU M TaKUM 00pa3oM oOecreurnBaeT
UMIIEeJAaHC pa30MKHYTOI 1ieru characteristicbetween
tpauzuctop 320 u Tpansuctop 321.

To, xorna kommaparop 310 oGecrieunBaeT, HU3KOE
HANPSHKEHUE CUTHATM3UPYIOT OCHOBHOM JICKTPOJT
Tpansuctopa 318, uner HU3KO, 1 Ha TpaHzuctop 318
OKa3bIBAIOT BJIMSHKE B €0 TOCY 1apCTBO
HETPOBOMMOCTH . DTO Pa30MKHYThIE LIEITH
ITOCTOSIHHBIM TEKYIIHI CIIUB, KOTOPBI yMEHBIIAET
HanpspkeHue Ha capacitorCl takum o0pa3oM, 4TOOBI
HANPSHKCHUE 3aYUCTKH B TIOPTY MPOIYKIIUHU yCHITHTEIIS
3aYMCTKU HEMHBEPTHUPOBaHUS 322 OCTAIOCh
HETIO/IBM)KHBIM B HAIIPSHKCHUH U CJICIOBATEILHO
gactore VCO, KkoTopas mepBoHaYaIbLHO IPOU3BEIa
CUTHAJIbHBIN cUrHaj. Eciu curHan ObLI BbIlie Opora,
aHayorosas 3aunctka Stopwill ocrarorcs, moka
HANpPsDKEHUE BO BXOJI€ K kommapaTtopy 312 He




the input to comparator 312 has
decreased through resistor R101.
Secondly, if the signal is strong enough
to cause the discharge of capacitor C2
then comparator 312 changes state to
indicate an alarm.

Band-edge comparator 324 is connected
to the negative going sweep voltage and
changes state (output goes high) typically
about one-half way through the sweep.
Thus band-edge comparator 324 has a
first input port coupled to areference
potentialand a second input port coupled
to the output port of the sweep start
amplifier 322.

Band-edge comparator 324 receives the
signals fed thereto and provides a
BAND.sub.-- EDGE signal to the
microprocessor through a voltage divider
circuit 326 such that the output signal
provided by band-edge comparator 324 is
provided having avoltage level within a
range accepted by the microprocessor.

The signal BAND.sub.-- EDGE is
provided at the output of band-edge
voltage divider circuit 326. The reference
voltage may be adjusted during atest
mode to provide alogic level 1 output at
aparticular VCO tuning voltage which as
describedabove in conjunction with FIG.
6 is selected to be near the midpoint
tuning voltage of the VCO.

Alternatively as described in conjunction
with FIG. 6A, the reference voltage may
be adjusted during atest mode to provide
alogic level 1 output at a particular point
intime. In this case, the point in time
should preferably be defined to beat the
end of the K-band period.

The microprocessor provides an IF.sub.--
BAND.sub.-- SELECT signal to the
analog signal processor 302 to thus
switch the signal processing from the
radar speed detector mode to the receiver
circuit listening mode.

yMeHbImIo yepes3 pesuctop R101. Bo-Bropsix, eciu
CHTHAJI IOCTATOYHO CHJICH, YTOOBI 3aCTABUTh
pasrpy3ky KoHjeHcaTopHoro C2 Toraa kommapaTop
312 rocy 1apcTB M3MEHEHUH YKa3bIBATh TPEBOTY.

Kommaparop kpas rpymnmnst 324 cBsizaH ¢
OTPHIATEFHBIM WAYIIMM HATPSHKCHUEM 3a9UCTKU U
U3MEHSIET rOCy JapCcTBO (POIYKIIMS HIET BBICOKO),
TUIIMYHO O TTOJIOBUHE MYTH Yepe3 3a9UCTKY. Takum
o0pa3zoM y KoMmnapaTopa Kpast rpymibl 324 ecTb
MEPBbI BXOIHOM MOPT, COEAMHEHHBINA K CCHUIIKE
potentialand BTopoit BXOAHO# HOPT, COCAMHEHHBIH
MOPTY MPOAYKIIMA YCUIUTEIS Havalia 3a9iucTKu 322.

Kommnapatop kpas rpymmsl 324 morydaeT CUTHAIBI,
nuTaeMbie K ToMmy, u obecrieunaer BAND.sub. -
curnan KP Afl na mukponpoueccop uepes
KpyrooOopoT cenapaTopa HanpspkeHus 326 TaKuM
o0pa3oM, yTOObI CUTHAJ IPOAYKIIMH, 00ECIIeYeHHbII
KOMIIapaTopoM Kpasi rpymiibl 324, ObuT o0ecIieueH,
umes avoltage yposeHb B npeiesiax Auana3oHa,
MPHUHSATOTO MHUKPOIIPOIIECCOPOM .

Curnan BAND.sub. - KP AW o6ecrieuen B NPOAYKIIHHA
Kpyroo0opoTa cermapaTopa HampsHKeHUs Kpast TPYTIITbI
326. CripaBO4HOE HATIPSKEHHE MOXKET OBITH
MIPUCTIOCOOJIEHO BO BPEMS UCTIBITATEIBHOTO CIIOCO0a,
4TOOBI 00ECIIEYUTH JIOTHUECKYIO MPOAYKINIO ypoBHS 1
B cneruduyeckom V CO HacTpauBarorieecs
HarnpspKeHue, KoTopoe kak describedaboves
coequnennu ¢ PMC. 6 otobpaHo, 4TOOBI OBITH OKOJIO
HacTpauBaroiero Hanpspkerus cepenuas VCO.

AnbTepHAaTHBHO Kak onucaHo B coeauHeHnu ¢ PUC.
6A, cripaBOYHOE HAIPSKEHUE MOXKET OBITh
MIPUCIIOCOOJIEHO BO BPEMs UCIIBITATEIBHOTO Croco0a,
4TOOBI 00ECIIEYUTH JIOTHUECKYIO MPOAYKINIO ypoBHS 1
B crien(puyecKkoM IyHKTe BoBpeMsi. B aTom ciyuae,
MIYHKT BOBPEMS JIOJIKEH MPEANOYTUTEIBHO ObITh
orpeJeleH, 4ToObl pa3ouTh KoHen K nepuoaa
IPYIIIBL

Mukpomnporteccop obecreunBaet |F.sub. - BAND.sub.
- 3BP AHHbIM curtai Ha aHANOrOBBIi IPOLIECCOP
curHasia 302, 9ToOBI TAKMM 00pa30M MEPEKITIOYUTh
00paboOTKy cUTHAIA OT PaJapHOro Crocoda JaTyuKa
CKOPOCTH JI0 Kpyroo0opoTa MpUeMHHKA, CIyIIast
croco0.




The microprocessor activates the IF.sub.-
- BAND.sub.-- SELECT signal on two
occasions. First, the IF.sub.--
BAND.sub.-- SELECT signal is activated
to disable the second LO signal, to thus
tune the receiver to about 11 MHz during
the PRD sweep toverify avalid Ka-Band
signal. Second, the microprocessor
activates the IF.sub.-- BAND.sub.--
SELECT signal to position the |F band
select at 11 MHz for the radar detector
detector search.

The microprocessor aso provides the
JERK signal on an input terminal 330
through atransistor switch circuit 332
coupled to the analog signal processing
circuit 302.

The microprocessor aso provides a
sweep start signal denoted SWPSTART
at terminal 334 to the input port of sweep
start amplifier 322. The sweep start signal
SWPSTART charges a capacitor Cltoa
predetermined level. The capacitor is
coupledbetween a node N1 and ground.

Transistor 320 is provided having afirst
electrode coupled to node N1, a second
electrode coupled to areference potential
V .sub.REF and athird electrode coupled
through a seriesresistor R1 to afirst
electrode of the transistor 318.
Thus,when the capacitor is charged to a
predetermined level transistor 320 is
biased into its conduction state and thus
provides asignal path to ground through
transistors 318 and 321. The impedance
characteristic of transistor 320 setsthe
slope of thesweep.

That is, the sweep start signal
SWPSTART charges capacitor C1to
typically about 5.0 voltsin thetime
interval of about 25 milliseconds.
Transistor 320 collector terminal isavery
high DC impedance the exact magnitude
of which is controlled bythe
potentiometer coupled to the base of
transistor 320. This very high impedance
constitutes a constant current sink and the
voltage at node N1 may be computed as

Muxkpornpoueccop aktususupyer |F.sub. - BAND.sub.
- U3EP AHHBIU curnan B 1Byx ciyuasx. Bo-nepsbix,
IF.sub. - BAND.sub. - U35P AHHBIH curnan
aKTUBU3UPOBAH, YTOOBI MIOBPENTH BTOPOW CHTHAII
JIO, uTo0bI TAKUM 00pPa30M HACTPOUTH MPUEMHUK
npubausurensHo k 11 MI'n Bo Bpemst PRD
oxBaTbiBaroT toverify nefictButenbublii curnan Ka-
rpynmbl. Bo-BTOPBIX, MEKpPOITPOIIECCOP aKTHBU3HUPYET
IF.sub. - BAND.sub. - U35P AHHBIH curnan k
nosioxkennto, ECJIN rpynmna BeiOupaer B 11 MI' quist
pasapHOTO MOWCKA TATYNKA TaTUHKA.

Muxkporpoiieccop Takke 00eCreunBaeT CUrHA
TOJIYKA na BxogHom tepmuHaie 330 gepe3
KPyTrooOOpOT BEIKITIOYATENsI TpaH3ucTopa 332
COCIMHECHHBII K aHAJIOTOBOMY KPyroo0opoTy
obpaboTku curnana 302.

Mukponporeccop Takke 00ecrieYnBaeT, CUTHAT
Hayvasa 3a9ucTku ooo3Haunmn SWPSTART B
tepmuHaiie 334 BXOTHOMY MTOPTY YCHUIIUTEIS Havasa
3auncTku 322. Hadaso 3a4uCTKY CHTHAIU3UPYET, YTO
SWPST ART 3apspxaet kongercatopabiii C1 x
npeonpeeIeHHoMy ypoBHI0. KonaencaTop -
coupledbetween y3ea N1 u ocHoBaHue.

Tpansuctop 320 obecniedeH, CICIUICHUE TEPBBIiA
anekTpoA K y3iy N1, BTopoii 351eKTpo1, coeTMHEHHBIN
K crpaBouHomy noternuany V .sub. KACA TEJIbHOu
TPETHI AJEKTPO COCTUHUI Yepe3 T00aBOUHBIN
pesucrop R1 Ha nepBbIii 31eKTpoa TpanzucTopa 318.
Taxum 00pa3oM, KOraa KOHICHCATOP 3apsDKEH Ha
IpeIoTpeIeTICHHBIN Tpan3ucTop yposHs 320, oka3aH
BJIMSIHUE B €r0 TOCY IaPCTBO MPOBOJAUMOCTH U TaKUM
o0pa3oM o0ecrieynBaeT MyTh CUTHANA, YTOOBI
OCHOBATh 4epe3 Tpan3ucTopsl 318 n 321.
Ocob6ennocts nmrenanca tpanucropa 320 Habopos
HakJIoH thesweep.

Takum oOpas3om, curuan Havasna 3a4MCTKU

SWPST ART 3apsixaet konaencatopuslii C1 k,
TUIIYHO NpHOIM3UTENbHO 5.0 BT BO BpeMEHHOM
WHTEpBaJe MPUOIN3UTEIBHO 25 MIJUTHCEKYH/I.
Tpanzucrop 320 TepMHUHAIOB KOJUIEKIIMOHEPA - OYCHB
BbICOKHMI mMrieqanc DC, TouHas BelmmanHa KOTOPOTO
ynpasisercs bythe norennmomerp, coeMHEHHBIN K
ocHoBe TpaH3ucTopa 320. DTOT OYEHb BBICOKUI
HWMIIEJJAHC COCTABJIAET MMOCTOSHHBIN TEKYLIUU CIIUB U
HanpspkeHue B y3ie, N1 MokeT ObITh BBIUMCIIEH KaK
V .sub.0 = (l.sub.amps.times. T.sub.Cexyns)/C.sub.




V .sub.0 =(I.sub.amps
times.T.sub.Seconds)/C.sub.Farads

As mentioned above, when transistor 318
receives a low signal from comparator
310 transistor 318 isbiased into its
nonconduction state and thus provides an
open circuit impedance characteristic
between the third electrode of transistor
320 andground.

The BAND.sub.-- EDGE signal is
provided from the output voltage divider
circuit 326 and, as described above in
conjunction with FIG. 6, is used to
distinguish X-band signals from K-band
signals because of therelative time
relations between thetwo bands. As
mentioned above, comparator 324 is
adjusted in test to provide a high output
signal at a particular point in the VCO
tuning voltage or at aparticular point in
time as described in conjunction with
FIG. 6A. If the timing approach is
usedthen the time is sel ected to be at the
end of the K-band detection region which
corresponds to 229 msec as shown in
FIG. 6. In the preferred embodiment, the
point is selected to be at the midway
voltage of the VCO voltage tuning range.
The BAND.sub.--EDGE signal isthus
also used to help differentiate between
the K and X-band signals.

The BAND.sub.-- EDGE signal is used to
ensure that any jerk responses in timing
that may have been generated during the
time interval corresponding to the K-band
time interval region are properly
interpreted. That is, if asignal is
generatedthat has some characteristics of
aK-band signal and some characteristics
not associated with avalid K-band signal
and at 229 msec the BAND.sub.-- EDGE
signal came high the probability isthat it
isaK-band signal and the system s
alarmed accordingly. Thus, the
BAND.sub.-- EDGE signal is also used
to help distinguish between signalsin the
K and X frequency bands.

Farads

Kak ynomsiHyTO BBIIIE, KOT1a Tpan3uctop 318
MOJIy9aeT HU3KUW CUTHAJ OT KoMmraparopa, Ha 310
TpaH3UCTOPOB 318 OKa3hIBAIOT BIMSHHE B €T0
roCy/IapCTBO HEMPOBOIMMOCTH M TAKMM 00pa3oM
o0ecneynBarOT 0COOEHHOCTh UMITEJaHCA PA30MKHYTON
[N MEXITY TPETBHM JJIEKTPOJ0M TpaHzuctopa 320
andground.

BAND.sub. - curnan KP Al oGecrieduen ot
KpyroobopoTa cenapaTtopa BbIXOJIHOTO HAIIPSLKEHUS
326 u, xak omwcano BbIe B coequaennn ¢ PYC. 6,
UCIOJIb3YETCS, YTOOBI OTIAMYUTEH CUTHANBI X-TPYIIIIbI
oT K CHTHAJIOB TpyMITBI N3-32 OTHOCHTEIBHBIX
OTHOILICHUH BpeMeHu Mexay thetwo rpynnamu. Kak
YHOMSIHYTO BBIIIE, KoMIapaTop 324 npucriocoOJieH B
TecTe, YTOOBI 00ECIIEYNTh BHICOKHI CUTHAII
NPOAYKIWH B crierduueckoM mynkte B VCO
HACTpauBaIoIlleecs] HAIPSLDKEHHUE WK B
crnenn(pUIecKOM ITyHKTE BOBPEMS KaK OIMCAHO B
coequuennu ¢ PYC. 6A. Eciu moaxo1 BeIOOpa
BpeMeHHu - usedthen, Bpemst oToOpaHo, 4T0ObI OBITH B
koH1e K o6actu oOHapy KeHus rpyMIibl, KOTopas
cooTBeTcTBYeT 229 Mc Kak noka3ano B PHC. 6. B
MIPUBUJICTHPOBAHHOM BOIUIONICHUH ITyHKT OTOOpaH,
4yTOOBI OBITH B Ha MOJIIYTH HAPSKEHUE
HacTpauBaroIero auanazona Hanpspkenus V CO.
BAND.sub. - curnan KP Al takum 006pa3om Takxe
UCIOJIb3YETCS, YTOOBI MOMOYb AU HEPEHIUPOBATHCS
Mexay curianamu K n X-rpynsl.

BAND.sub. - curnan KP ASl ucnionb3yetcs, 4T0ObI
rapaHTUPOBATh, YTO JIFOOBIE OTBETHI TOJIYKA B BHIOOpE
BpPEMEHH, KOTOPBIi, BO3MOKHO, ObLIT ITPOU3BEJIEH BO
BpEeMSI BpEMEHHOT'0 MHTEpBaJia, COOTBETCTBYIomiero K
00J1aCTH BpEMEHHOI'0 UHTEpBaJIa IPYMIIbl, TOJKHBIM
oOpa3om unrepnperupyrorcs. Takum o6pazoM, eciau
curHai - generatedthat, nmeer HekoTophIe
oco0enHocTu K curnana rpynmnsl ¥ HEKOTOPBIX
0COOEHHOCTEN , HE CBI3aHHBIX C AEHCTBUTEILHBIM K
currasia rpymsl 1 B 229 mc BAND.sub. - curnan

KP Al npuGb1 BEICOKO, BEPOSATHOCTH COCTOUT B TOM,
410 3TO - K CHUrHana rpynisl, U CUCTEMa BCTPEBOKEHA
cooTBeTcTBeHHO . Takum oopazom, BAND.sub. -
curai KP A taxxe ucnosib3yercsi, 4ToObI TOMOYb
paznuuuth curdaisl B K u X auama3oHax 4acTor.




Referring now to FIG. 14, amixer 350
which may be of the type used in radar
circuit 150 (FIG. 5) is shown having an
RF input terminal 350a, an LO input
terminal 350b and an IF output terminal
350c. The mixer 350 includes afirst RF
propagationnetwork 352 provided from a
pair of microstrip strip conductors
coupled by a capacitor 354. A first end of
the RF propagation network 352 is
coupled to the RF input terminal 350A
and a second end of the RF propagation
network 352 is coupled to first endof a
second RF propagation network here
provided as a Co-planer waveguide
transmission line. A second end of
transmission line 353 is coupled to afirst
terminal of an antiparallel connected
diode pair 356.

Mixer 350 further includes an | F output
circuit 357. If output circuit 357 includes
afirst transmission line resonator 358
having arelatively high impedance
characteristic to signals at the RF and LO
frequencies. A transmission line
resonator360 selected having a length
such that RF frequency signals are
prevented from propagating to the output
port 350c is coupled to transmission line
358.

The LO signal isfed to the input terminal
350b along a 50 ohm microstrip
transmission line 362. Microstrip
transmission line 362 is then coupled to a
co-planer wave guide transmission line
364. The LO signal propagates along the
co-planer waveguide transmission line
364. The LO signal propagates along
transmission line 164 having a known
field configuration. Co-planar
transmission line 364 branches into
section 364a, 364b at the connection
point with the antiparallel diode pair 356.
Thus,in thisinstance the field
configuration is such that the local
oscillator signal propagating on each of
the branches have an orthogonal phase
relationship. Thus, any leakage of the
local oscillator signal propagating toward
RF terminal 350aiscancelled due to the

O6pamascs teneps k PUC. 14, mukcep 350, koTopbIit
MOYET UMETh THII, UCIIOJIb3yEMbIl B paapHOM
kpyroobopote 150 (PUC. 5), nokassiBatot, BBoas1 RF
tepmunan 350a, JIO Beoamia repmunan 350b u ECJIN
tepmuHan 350C npoaykuuu. Mukcep 350 Bkimrouaer
nepBbiii RF propagationnetwork 352 obecrnieuenubIit
OT Tapbl MIPOBOTHUKOB ITOJIOCHI MUKPOIIOJIOCH
COeTMHEHHBIX KoHAeHcaTopoM 354. [lepBbIii KOHEI
cetu pacnpoctpanerus RF 352 coenuaeH Ha BXOIHON
tepmuHan 350A RF,u BTOpoii KoHEI ceTH
pacnpoctpanenus RF 352 coenunen k mepsomy endof
BTOpas ceTh pacnpocTtpanenus RF,3nech
oOecrieueHHas KaK JIMHUS TIepeaadn BOJHOBOIA CO-
CTPOTAJILHOTO CTaHKAa. BTOpoW KOHEIW JIMHNY ITepefayun
353 coeMHEH Ha MEPBHI TEPMHUHAI CBS3aHHOU
JIMOJTHOW TTaphl aHTHITapauienn 356.

Muxkcep 350 ganee Brarouaet ECJIN kxpyroodopot
npoaykuuu 357. Eciu kpyroo6opot npoaykiun 357
BKJTIOYAET TIEPBBIA PE30HATOP JMHUU Tiepeaadn 358
HAJTMYUSI OTHOCHTEIPHO BBICOKOI OCOOCHHOCTH
nMnenadca K curganam B yactorax JIO u RF. JIuaus
nepeaaun resonator360 oToOpaHHOE HATUYHE JTHHBI
TakuM o0pa3oM, 4ToObI cCUrHajaM 4actoTsl RF
MIPETSITCTBOBAIM Pa3MHOKHUTHCS ITOPTY MPOTYKIIHH
350c, coemmHeHa K THHUYN Tiepeaadn 358.

Curnan JIO nutaercst Ha BxoaHOM Tepmunan 3500
BJIOJIb JIMHUYU TIepeIaq MUKPOIOJIochkl Ha 50 oMoB
362. Jluawus mepeaadr MEKPOTOJIOCkl 362 Toraa
COeJMHEHA K JIMHUH TIepeIayr TU1a BOJIHBI CO-
cTporanmbHOro ctanka 364. Curnan JIO pazMHokaeTcs
BJIOJIb JIMHUHU TIEPEeJaYH BOJTHOBOA CO-CTPOTAIBHOTO
cranka 364. Curnai JIO pa3MHOXKaeT BJIOJIb THHAN
nepenaun 164 HaImaus W3BECTHOM IMOJICBOM
koH(purypanuu. Komrutanapuas nuaus nepegaun 364
BeTBH B ceknuio 364a, 364b mpu cBsI3M yKa3hIBAIOT C
aHTUTIAPAJIICIBHON THOTHOH mapoit 356. Takum
00pa3oM, B 3TOM CiIydae MmoJieBas KOHUTypaIus
TaKOBa, YTO Y MECTHOTO CUTHAJIa T€HEPaTOpa,
Pa3MHOKAOIIErocs Ha Ka) 0 U3 BETBEH, €CTh
OpTOrOoHaJIbHBIE OTHOIIEHUS (a3bl. Takum 06pazom,
m00ast yTeuka MECTHOTO CHTHAJIa TeHepaTopa,
pasmHokarorerocs k repmunaity 350a RF iscancelled
M3-32 OPTOTOHAJLHBIX OTHOIICHUH (ha3bl,
Pa3MHOXKAIOIIUXCS MEXKTY IBYMSI OPYKHUEM BETBH.
Taxum 00pa3oM, HET CyIIeCTBEHHO HUKAKOT0 CUTHAJIA




orthogonal phase relationship
propagating between the two branch
arms. Thus, there is substantially no LO
leakage signal at the RF port 350a.

Therefore, when aradar detector such as
that shown in FIG. 1is provided having
mixer 350, radar detector 14 becomes
nondetectabl e by the aforementioned
receiver circuits described in conjunction
with FIGS. 11 and 12 because the
radiated signal swhich could be detected
by such receiver circuits are suppressed
in mixer 350. Thisistrue regardless of
whether the receiver circuit islistening
for signals a the LO fundamental
frequency or for signals having a
frequency corresponding to a harmoni cof
the LO signal frequency.

Having described preferred embodi ments
of the invention, it will now become
apparent to one of skill in the art that
other embodiments incorporating the
concepts may be used. It isfelt, therefore,
that these embodi ments should not be
limited todisclosed embodi ments but
rather should be limited only by the spirit
and scope of the appended claims.

yreuku JIO B mopty RF 350a

[TosToMy, KOr 1@ pagapHbIil JTATYMK TAKOW KaK TOT
nokasanueiii B PUC. 1 o6ecnieuen, umest mukcep 350,
panapHblii JaTuuk 14 cTaHOBUTCS HEOOHAPY ) KUMbBIM
BBIIICYITOMSTHY THIMU KPYT000OpPOTaMH IMPUEMHHKA,
orrcaHHbpIMU B coequaeHnun ¢ PUC. 11 1 12, motomy
4TO U3Iy4eHHbIH Signalswhichmor 6bITh 00HApYXEH
TaKUMH KPYrooOOpOTaMH MPUEMHHKA, TI0JaBJICHBI B
mukcepe 350. DTo BEpHO HE3aBHCHMO OT TOTO,
MIPUCITYIIUBAETCS JIU KPYrooOOpOT MPUEMHHUKA K
curHasiam B JIO pyHaameHTaIbHASI 4aCTOTA WITH IS
CUTHAJIOB, UMEIOLINX YacTOTY, COOTBETCTBYIOIIYIO
harmonicof vacroTa curnaia JIO.

OrnrcaB npeArnoYTeHHbIC BOIUIOMICHHS M300pETEHHS,
3TO TEIEPh CTAaHET OYCBUIHBIM JIJISl OJTHOTO M3 HABBIKA
B HCKYCCTBE, UTO JIPYTHE BOIUIOMICHUS , BKITFO YAFOIIIHEC
TIOHSATHS, MOTYT HCITOJIB30BaThCsI. UyBCTBYETCHS,
MIO3TOMY, YTO ITH BOTUIONIEHUS HE JOJDKHBI OBITH
orpann4ensl todisclosed Borutonienus a ckopee
JIOJIKHBI OBITh O'PAHUYCHBI TOJBKO JTYXOM U
00J1aCThI0 MPUII0KEHHBIX TPEOOBAHUI.




