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Figure 4.1: Block Diagram of a quadrature detector with the received signal r(t) as input.

delay and Doppler resolution) of the radar system, while the carrier frequency is selected

to allow the desired propagation characteristics for the environment where the radar will

operate as well as the scattering characteristics of the targets that will be encountered.

Most radar signals are modulated on carriers with a frequency of f0 of 1GHz or more

(wavelengths of 0.3m or less) while having a bandwidth of 100MHz or less. Typically,

the relative bandwidths of these radar signals (i.e., the ratio of signal bandwidth to carrier

frequency) are less than 5%, which means these signals can be viewed as narrowband signals.

As we discussed in Chapter 1, narrowband signals can be approximated as single frequency

signals in terms of the Doppler effect being approximated as a Doppler frequency shift.

Equivalently, we can think of all signal components as having a single wavelength λ0 = c/f0,

the wavelength of the carrier. But the bottom line is that most radar waveforms can be

thought of as narrowband phase or frequency modulated waveforms or pulse trains.1

In a radar receiver, the received waveform amplitude, phase and delay of the modulating

pulse must be extracted from the received signal. This is most often done by “beating

the received signal down to baseband” using a receiver structure known as the quadrature

1While such narrowband waveforms could in principle also be amplitude modulated, most radar waveforms

are constant amplitude or constant modulus waveforms. This is because most radar transmitters use nonlinear

saturated amplifiers for power efficiency, which are not ammenable to amplitude modulation. So for radar

waveforms, the only typical form of amplitude modulation that is seen is turning the waveform on and off.
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Detection Theory
The most basic task of a RADAR system is 
to detect whether or not an object 
(target) is present.

We may also wish to detect if some 
“feature” is present in the scattered 
signal:


Spectral Component

signal family characteristic

depolarized wave component
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This almost always involves making a 
decision in the presence of noise.


Noise can generally—at best—be described 
statistically (probabilistically.)


Statistical Decision Theory/Hypothesis 
Testing is the tool of choice for these 
problems.


Engineers usually call this area of 
statistics Detection Theory.
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How do we design an optimal test in this 
case?

We want as small a number of “false 
alarms” as possible.

We want as small a number of “misses” as 
possible.

Clearly theses two goals contradict each 
other.

An “optimal” test must trade these two 
goals off against each other. But how?

An Optimal Test?
1 2 . 1 7



In general, we deal with observations from our sensing
system of the form

y(t) = y[s(t), n(t), α(t)]

n(t) = noise in received signal

α(t) = “state” of the system (radar, target, medium)

s(t) = transmitted signal

where
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Processor Decision

Signal Model

General Framework for Radar Detection

Reduces Signal to a

Vector of Observations

Reduces Vector of

Observations to

Binary Decision

Input to processor is a random process y(t).

Processor output X = (X1, . . . , XN )T is a vector of
jointly distributed random variables—a random vector.


