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La frequenza Doppler fd

è 0 quando il target si muove lungo una traie8oria perpendicolare alla 
linea radar target (q =90°)

è massima quando il target si muove lungo la linea radar target   (q =0°)

fd =
2vr
λ

=
2vcos θ( )

λ

Effetto Doppler
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Un radar può operare trasmettendo segnali continui al 
posto di segnali impulsati.

Tali sistemi radar prendono il nome di radar ad onda 
continua (Radar CW). 

Il sistema trasmette con continuità un segnale e riceve con 
continuità il segnale di eco.

Nascono problemi di separazione tra il segnale Tx e il 
segnale RX.

Le applicazioni principali dei radar ad onda continua: stima 
della velocità del target (radar CW), stima della posizione 
(radar CW-FM) 

Radar CW
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I Radar CW sono utilizzati per la stima della velocità dei target. 

important early applications of the CW radar principle were the proxim~ty (VT) ftire and the 

FM-CW altimeter. The CW proximity fuze was first employed in artillery projectiles during 

World War 11 and greatly enhanced the effectiveness of both field and antlaircraft arttllery 

Tile first practical model of the FM-CW altimeter was developed by the Wt'slern Electric 

Company in 1938, although the principle of altitude determination using radio-wave 

reflections was known ten years earlier, in 1928.' 

The CW radar is of interest not only because of its many applications, hut its sttidy also 

serves as a means for better understanding the nature and use of the doppler inforrnatlon 

contained in the echo signal, whether in a CW or a pulse radar (MTl)  application. In addition 

to  allowing the received signal to  be separated from the transmitted signal, t h o  C W  radar 

provides a measurement of relative velocity which may be used to distinguish moving targets 

from stationary objects or  clutter. 

3.2 CW RADAR 

Consider the simple CW radar as illustrated by the block diagram of Fig. 3 . 2 ~ ~ .  The transmitter 

generates a continuous (unmodulated) oscillation of frequency fo, which is radiated by the 

antenna. A portion of the radiated energy is intercepted by the target and is scattered, some of 

it in the direction of the radar, where it is collected by the receiving antenna. I f  the target is in 

motion with a velocity v, relative to  the radar, the received signal will be shifted in frequency 

from the transmitted frequency jo by an  amount + fd as given by Eq. (3.2). The plus sign 

associated with the doppler frequency applies i f  the distance between target and radar is 

decreasing (closing target), that is, when the received signal frequency is greater than the 

transmitted signal frequency. The minus sign applies if the distance is increasing (receding 

target). The received echo signal at a frequencyf, 4.fd enters the radar via the antenna and 1s 

heterodyned in the detector (mixer) with a portion of the transmitter signal fo to producc a 

doppler beat note of frequency fd. The sign of.& is lost in this process. 

Frequency 

fo 
I\ G 

Figure 3.2 (0) Simple CW radar block diagram; ( h )  response characteristic of bcat-frequency arnpilficr. 

* 

CW 
transmitter 

(24 k rb 

' Detector 
(mixer) 

6 = Beat-frequency 
amplifier 

Indicator 

Si confronta la frequenza del segnale tx con quello del segnale 
ricevuto e si determina fd (e la velocità del target). Segno positivo 
bersaglio in avvicinamento. Segno negativo, bersaglio in 
allontanamento.

Problemi di accoppiamento tra tx e rx (parzialmente voluto)

Apparato più semplice rispetto a radar impulsato.

Utilizzi: autovelox

Radar CW
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I Radar CW non sono in grado di calcolare la distanza tra il 
radar e il target. Manca un mark temporale per la 
determinazione del range.

Per risolvere il problema, viene utilizzata una modulazione 
in frequenza (FM). La frequenza del segnale trasmesso è 
cambiata linearmente con il tempo (Radar CW-FM). 

82 1NTRODUCTION TO RADAR SYSTEMS 

Range and doppler measurement. In the frequency-modulated C W  radar (abbreviated 

FM-CW), the transmitter frequency is changed as a function of time in a known manner. 

Assume that the transmitter frequency increases linearly with time, as shown by the solid line 

in Fig. 3.10~. If there is a reflecting object at a distance R, an echo signal will return after a time 

T = 2Rlc. The dashed line in the figure represents the echo signal. If the echo signal is 

heterodyned with a portion of the transmitter signal in a nonlinear element such as a diode, a 

beat note fb will be produced. If there is no  doppler frequency shift, the beat note (difference 

frequency) is a measure of the target's range and fb = f,, wheref, is the beat frequency due only 

to the target's range. If the rate of change of the carrier frequency isj , ,  the beat frequency is 

In any practical CW radar, the frequency cannot be continually changed in one direction 

only. Periodicity in the modulation is necessary, as in the triangular frequency-modi~lation 

waveform sllown in Fig. 3.10b. The modulation need not necessarily be triangular; it can be 

sawtooth, sinusoidal, or  some other shape. The resulting beat frequency as a function of tinle is 
"" 

shown in Fig. 3.10~ for triangular modulation. The beat note is of constant frequency except at 

the turn-around region. If the frequency is modulated at a rate fm over a range AL the beat 

frequency is 

Thus the measurement of the beat frequency determines the range R.  

A block diagram illustrating the principle of the FM-CW radar is shown in Fig. 3.1 1. A 

portion of the transmitter signal acts as the reference signal required to produce the beat 

frequency. It is introduced directly into the receiver via a cable or  other direct connection. 
. . 
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Un target stazionario a distanza R, genera un’eco dopo un tempo T.

Radar CW-FM
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Fissato un istante di tempo si calcola la frequenza di battimento fb
(differenza di frequenza tx e rx). Coincide con la frequenza fr dovuta 
alla distanza.

È possibile calcolare il tempo T e il range R a partire da fb

dove df0/dt è la pendenza retta

fb = T
df0
dt

=
2R
c
df0
dt

R = cfb
2 df0
dt

Radar CW-FM
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Nella pratica la frequenza del segnale non può essere aumentata 
con continuità in una sola direzione. Viene utilizzata una 
modulazione periodica
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La frequenza di battimento misurata è:
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La frequenza di battimento è costante.

Radar CW-FM
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Nel caso in cui il target è in moto rispetto al radar, una frequenza 
Doppler si sovrappone alla frequenza del segnale rx.

La frequenza Doppler causa uno shift verso l’alto o verso il basso della 
frequenza del segnale rx. 

La frequenza di baZmento diminuisce in un intervallo e aumenta in 
un altro.

Receiving. p e f e r e n c e  signol 

ontenno 
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Figure 3.1 1 Block diagram of FM-CW radar. 

F M  
t ronsrnitfer 

Modulator 

ant en^+-[^ ~-}-~irniterl- 

Ideally. tile isolation between transmitting and receiving antennas is made sufficiently large so 

as to reduce to a negligible level the transmitter leakage signal which arrives at  the receiver via 

+he coupling between antennas. The beat frequency is amplified and limited to remove any 

amplitude fluctuations. The frequency of the amplitude-limited beat note is measured with a 

cycle-counting frequency meter calibrated it1 distance. 

111 the above, the target was assumed to  be stationary. If this assumptiotl is not applicable, 

a doppler frequency shift will be superimposed on the FM range beat note and an erroneous 

range measuretnent results. The doppler frequency shift causes the frequency-time plot of the 

echo signal to be shifted up o r  down (Fig. 3.12a). O n  one portion of the frequency-modulation 
cycle. tlie beat frequerlcy (Fig. 3.12b) is increased by the doppler shift, while on the other 

portion, i t  is decreased. If. for example, the target is approaching the radar, the beat frequency 

f,(up) produced during the increasing, or up, portion of the F M  cycle will be the differer~ce 

between the beat frequency due to the rangef, and the doppler frequency shift fd [Eq. (3.12a)l. 

Similarly, on the decreasing portion, the beat frequency &(down) is the sum of the two 

[Eq. (3.12b)l. 

The range frequency fr may be extracted by measuring the average beat frequency; that is, 
, f [h (up )  + fb(down)] = f,. If fb(up) and fb(down) are measured separately, for example, by 

switching a frequency counter every half modulation cycle, one-half the difference between the 

frequencies will yield the doppler frequency. This assumes.fr > fd . If, on the other hand,fr < fd, 
silcti as might occur with a high-speed target at short range, the roles of the averaging and the 

difference-frequency measurements are reversed; the averaging meter will measure doppler 

velocity, and the difference meter, range. If it is not known that the roles of the meters are 
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E’ possibile calcolare sia la posizione del target (frequenza fr) sia la 
velocità del target (frequenza fd).
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Nel caso di più target a diversa distanza, occorre calcolare le singole 
frequenze di battimento. 

fb(up) = fr − fd fb(down) = fr + fd

fr =
fb(up)+ fb(down)

2
fd =

fb(up)− fb(down)
2

Radar CW-FM


