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I sistemi Moving Target Indicator (MTI) sono utilizzati per 
discriminare i target in movimento rispetto ai target 
stazionari. 

Gli MTI si basano sulla trasmissione di un segnale ad onda 
continua (CW) convertito in un segnale impulsato.

Parte del segnale CW utilizzato in trasmissione viene fornito 
al ricevitore.

102 INTRODUCTION TO RADAR SYSTEMS 

Description of  operation. A simple CW radar such as was described i n  Sec. 3.2 is shown in 

Fig. 4.10. It consists of a transmitter, receiver, indicator, and the necessary antennas. I n  princi- 

ple, the CW radar may be converted into a pulse radar as shown in Fig. 4.Ih by providing a 

power amplifier and a modulator to turn the amplifier on and off for tllc purpose ofgenerating 
pulses. The chief difference between the pulse radar of Fig. 4 . l h  and the one described in 

Chap. 1 is that a small portion of the CW oscillator power that generates the transmitted 

pulses is diverted to the receiv'er to take the place of the local oscillator. However, this CW 

signal does more than function as a replacement for the local oscillator. I t  acts as tlw collcrent 

reference needed to  detect the doppler frequency shift. By C O I I C ' ~ . L J I I ~  i t  is meant that the pliast: of 

the transmitted signal is preserved in the reference signal. The reference signal is the distin- 

guishing feature of coherent MTI radar. 

If the CW oscillator voltage is represented as A ,  sin 2?/; t ,  WIIL 'TC ..I , is t11c amplitirde and 

.i; the carrier freqi~ency. the reference signal is 

Vr/rFr = A z  sin 27r/; t 

and the doppler-shifted echo-signal voltage is 

Vecho = A ,  sin 2n(,/; + ,/;)t - ----- 
L' 

where A ,  = amplitude of reference signal 

A ,  = amplitude of signal received from a target at a range R ,  

,& = doppler frequency shift 

t = time 

c = velocity of propagation 

The reference signal and the target echo signal are heterodyned in the mixer stage of the 

receiver. Only the low-frequency (difference-frequency) component from the mixer is of inter- 

est and is a voltage given by 

Vdirr = A ,  sin (2?fdt - 
C 
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Il segnale CW generato all’interno del trasmettitore e fornito 
come segnale di riferimento al ricevitore è:

dove ft è la frequenza di trasmissione e A l’ampiezza. Il segnale 
ricevuto da un target a distanza R0 è:

Il segnale ricevuto e il segnale di riferimento sono “battuti”. Il 
battimento consiste nel moltiplicare i due segnali (uno dei due 
sfasato di 90 gradi)

MTI

V!"## = 𝐴𝑠𝑖𝑛 2𝜋 𝑓$ ± 𝑓! 𝑡 −
4𝜋𝑓$𝑅%
𝑐 𝐴𝑐𝑜𝑠 2𝜋𝑓$𝑡

V&'( = 𝐴𝑠𝑖𝑛 2𝜋 𝑓$ ± 𝑓! 𝑡 −
4𝜋𝑓$𝑅%
𝑐

V)"# = 𝐴𝑠𝑖𝑛 2𝜋𝑓$𝑡

𝑠𝑖𝑛 𝛼 𝑐𝑜𝑠 𝛽 =
1
2
𝑠𝑖𝑛 𝛼 + 𝛽 + 𝑠𝑖𝑛 𝛼 − 𝛽
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A valle del filtraggio passa-basso (mixer) il segnale di uscita è dato 
da (solo segnale differenza):

Se il target è stazionario ( fd = 0), il segnale in ogni impulso assumerà 
un valore costante. Se il target è in movimento, il segnale in ogni 
impulso sarà una funzione del tempo.

Costante NON Costante

MTI

V!"## =
𝐴
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𝑐

V!"## =
𝐴
2 𝑠𝑖𝑛 −

4𝜋𝑓$𝑅%
𝑐

V!"## =
𝐴
2
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I target in movimento possono essere distinti da quelli 
stazionari guardando un display A-Scope. Consideriamo il caso 
di 2 target in movimento.

L’uscita dell’A-scope nel caso di singolo sweep (un solo impulso 
trasmesso) è il seguente:

Non è possibile riconoscere target in movimento.

Utilizzando più impulsi, i target stazionari saranno rappresentati 
allo stesso modo. I target in movimento varieranno in ogni 
sweep.

Figure 4.3 (a -e )  Successive sweeps of 
. 

an MTI radar A-scope display (echo 
amplitude as a function of time); 
( f )  superposition of many sweeps; 
arrows indicate position of moving 

targets. 

the successive A-scope sweeps is shown in Fig. 4.3J The moving targets produce, with time, a 

" butterfly" effect on the A-scope. 

Although the butterfly effect is suitable for recognizing moving targets on an A-scope, i t  is 

not appropriate for display on  the PPI. One  method commonly employed to extract doppler 

information in a form suitable for display on the PPI scope is with a delay-line canceler 

(Fig. 4.4). The delay-line canceler acts as a filter to eliminate the d-c component of fixed targets 

and to pass the a-c components of moving targets. The video portion of the receiver is tfividetl 

into two channels. One  is a normal video channel. In the other, the video signal expericnccs a 

time delay equal to one pulse-repetition period (equal to the reciprocal of the pulse-repetition 

frequency). The outputs from the two channels are subtracted from one another. The fixed 

targets with unchanging amplitudes from pulse to pulse are canceled on subtraction. 

flowever, the amplitudes of the moving-target echoes are not constant from piilsc to I > ~ I ~ S C ,  ii11C1 

subtraction results in an uncanceled residue. The output of the subtraction circuit is bipolar 

Figure 4.4 MTI receiver with delay-line canceler. 
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Al variare dell’impulso trasmesso, i segnali in movimento 
varieranno la loro ampiezza (varia l’argomento del seno).

Si ha un effetto butterfly sull’A-scope. Maggiore è l’oscillazione, 
maggiore è la frequenza Doppler.
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