Jlekuisa 22.

FM-CW PALAP
HEMNEPEPBHOI Oil.
FM-CW CONTINUOUS WAVE
RADAR.

(FM-CW Radar).
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N3ny4vYeHnem

PJ1C c yacTtoTHO-MOaYyNMMPOBaHHbLIM
HenpepbIBHbIM n3nyyeHmem (FM-CW)
npeagHasHayeHbl ond uamepeHus
HebonbLWKux pacctosaHMU. icnonb3oBaHue
MOoAOynALUUK NO3BONSAET YBENMUYNUTD
HaOEeXXHOCTb NONTYYEHHbIX AaHHbIX NYTEM
N3MepeHna pacctoaHUA BMeCTE C
N3MEPEHMNEM CKOPOCTU. OTO BaXXHO B
criy4yasx, korga ectb bonblie, 4yemMm oguH
MCTOYHUK OTPaXKeHbIX CUrHanoBs,
npuxogawmnx Ha pagnoniokaLMOHHYHO
IAHTAHUV



10T BMA PJ1C yacTo ncnonb3yerca B
KadyecTBe "paaunonokauynoHHoOro
BbicOoTOMepa" ons namepeHmnsa To4HOu
BbICOTbI NPy nocagke camorsietoB. OH Takxke
MCNONb3yeTCcs Kak cuctema paHHero
npenynpexneHna o pakeTHOM HanageHun m
OEeCKOHTaKTHbIN AaT4YuK.

[1pn ncnonb3oBaHMM YaCTOTHOW MOAYNALNU
AOornfepoBCKUU COBUI He Bceraa
TpebyeTcsa aAna obHapyXeHus Luenewu.
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bnok-cxema npocteunwero FM CW pagapa



D 3TON CUCTEME NepenaBaeMbin CUTHATl C
N3BECTHOW CTabunbHOM YaCTOTON
HenpepbIBHON BOSMHbl U3BMEHSIETCH BBEPX U
BHWN3 MO YacToTe B Te4YEeHNE PUKCUPOBAHHOIO
nepunoaa BPEMEHU C MOMOLLbIO
MOOYINupYyoLwero curHana. PasHocTb YacTtoT
MexXay NPUHUMMaEMbIM U NepegaBaeMbIM
CUrHanoMm yBesriuuMBaeTCs C yBerim4yeHnem
3a4epiKKu, 1, criegoBaTerbHO, C
PACCTOAHUEM. OXO OT Lienm 3aTem
CMeLUMBaloT C rnepegaHHbIM CUrHanom Ans
Nony4YeHns curHarna o MeHun, KoTopbin AacT
paccTosAHue 0 uenm nocre gemoaynsiymu.



Bo3MOXHbI pa3sHble Moaynaumm n yactoTa
nepegaTtymka MOXeT U3MEHSATLCH
crieayrowmm obpasom:

- CnHyconaarnbHo;
- [lunoobpasHo;
- TpeyronksHo;
- [1pamoyronbHo.




[1anbHOCTL orpaHunymnBaeTca 1/4
ANWHbI BOSTHbI MOAYNALUN
nany4vyaemoro curHana. lansHocTb
Onga YyacTtoTbl moaynauum 100 [y
oyaet 500 kM. OTOT nNpeaen 3aBUCUT
OT TMNa MoAaynaummn un

nemoaynauuun. Obulee npasmno:
Speed of Light
(4 x Modulation Frequency)

Instrumented Range = F, — F; =



PJ1C 6byneTt naBaTb HenpaBuibHOE
paccToaHue Onda oTpaXXeHUn Ha
OONbLUMX pacCTOAHUAX Npeaenamm
MHCTPYMEHTAaNbLHOro gmnanasoHa.
N3amepeHna nanbHocT FMCW
pagapoM ABNAKTCA HaOeXHbIMW
TOJNTbKO 40 NpUuMepHOo 60% OT
MHCTPYMEHTaNnbLHOro Anana3oHa, T.€.
npumMmepHo 300 KM Ha 100 [ 4y FM.



1HIVJ1000UpPddadsrndn Hal 10lfaadn
Moaynsauus

bf




N3mepeHUne AanbLHOCTH

c nomouwbo FM-CW PIJIC:

ecr oLnobKoun, BbI3BAHHON BO3MOXKHbIM
OonfepoBCKUM COBUTOM MOXHO
npeHebpeyb, U MOLLHOCTb nNepeaaTynka
JIMHENHO YaCTOTHO MOoAyJIMpoBaHa, To
BpeMS 3a4ePXKKMU NMponopLUuoHaribHO
Pa3HOCTU YaCTOT NepenaBaemMoro u
NPMHUMaeMoro curHana B noboe Bpems.
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T = Peroid, Af = Frequency sample,
f(1)=Sending frequency

fe(t)=Receiving frequency = [ (1— )% f},,
[, ="Beatfrequency" (Mixeroutput)= f; — [,

Figure 7.7 FM CV moduldtlon.schen}es. . _ ’ .
a Sawtooth modulation, b Triangular modulation, ¢ Sinusoidal modulation



The figure shows the transmitting signal in the upper lines, in the middle row the transmitting
and receiving signals, and on the bottom the difference from both. The transmitting frequency
is, as follows, time-dependent for the sawtooth modulation.

3
fr‘fo"’Af'? (7.5)

For the symmetric triangular modulation results in:

fr=foraf -2 (7.6)



In the following the sawtooth modulation will be further considered. During the run time
At =2R/c, for the signal to the target and back, the transmitting frequency is altered
corresponding to Ar:

t+ At
r

fT:fo'*'Af' (71,

The mixing of the received signal with the current transmitting signal takes place in the radar
receiver. From this the result is, among other things, the difference frequency f,, also known
as the “beat frequency”:

1+ At
i 3

At
fo=(f, +Af >—<fo+Af§>=Af7’ (7.8

The range R follows from this:

R=c,- 2JZ‘f-T (7.9

The beat frequency is proportional to the target range R. More complex frequency processes
can be calculated analogously.



PaspelueHue no ganbHoctn FM CW pagapa

The measurement period 1 and the utilized bandwidth Af are crucial for the range

meas

resolution. For targets, for which Az << T applies, nearly the complete period is available for
the measurement:

~T (7.10°
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Two targets with the ranges R, and R, have a difference in frequency of:

2Af AR

0 Co

M=l e (7.11)

From the measurement period T comes the minimum resolvable beat frequency f, . =1/T.
Thus the result is the minimum range resolution:

ZA/ ‘AR. = AR . =—— (7.12)

]
Af,  =—
fB min T COT min 2A[

This is inversely proportional to the bandwidth. For this purpose, the target must be analyzed
throughout the entire frequency pass. A reduction of the measurement period reduces the



END.



