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We would like to find the complex baseband
representation of the received signal r(t) via 
processing:

• Pass the signal through a bandpass filter that passes 
virtually all of the signal, but little outside of the signal’s 
frequency band.

• Use an I/Q demodulator to get the in-phase and 
quadrature components.
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We can get the sample returns from each of the range bins (both I and Q
components to represent the complex baseband signal) by processing the 
received signal as follows:

n.b., τp is the transmitted pulse duration.
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Actually, because delay range bins are discrete and the Doppler response is

computed using a DFT, we get a discrete map of delay-Doppler space:
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Sidelobes can be reduced with windowing
before taking the DFT
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Comparison of Windows

1 7 . 2 0

-

Including the Matched Filter

Im,n + iQm,n

COHOBPF

LPF

LPF

Complex


Combine

Pulse


Matched


Filter

2 cos 2�fct

2 sin 2�fct

gI(t)

gQ(t)

gI(t) + igQ(t)

DFT


Pulse-Doppler


Processing

�

�
Delay-Doppler


Map Out

�p + m�RB + (n� 1)T

1 7. 2 1

r Lt )
- -



Coded Radar Signals

• We will consider coded radar “pulses” as opposed to pulse 
trains.

• We have already seen that modulation of a radar pulse (e.g. a 
“chirp”) increases the range resolution of the signal through 
bandwidth expansion.

• Modulation of a radar pulse can significantly modify its 
ambiguity function  (e.g. the “sheared” ambiguity function 
generated by a chirp)

• We want to consider intelligent approaches to modulating 
waveforms

• Coded waveforms provide a structured approach to 
designing waveforms.

Reference:  N. Levanon and E. Mozeson, Radar Signals, Wiley, 2004  (ISBN 0-471-47378-2)
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Rectangular Pulse

s(t) = 1[0,T ](t).

�s(⌧, ⌫) = e�i⇡(T+⌧)(T � |⌧ |) sin⇡⌫(T � |⌧ |)
⇡⌫(T � |⌧ |) · 1[�T,T ](⌧).

A plot of |�s(⌧, ⌫)| for a pulse of duration T = 1 appear as follows:
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Linear FM Chirp Pulse

Then

�v(⌧, ⌫) = e�i⇡(T+⌧)(T � |⌧ |) sin⇡(⌫ � ↵⌧)(T � |⌧ |)
⇡(⌫ � ↵⌧)(T � |⌧ |) · 1[�T,T ](⌧).

A plot of |�s(⌧, ⌫)| for a pulse of duration T = 1 with ↵ = 10 appears as follows:

where ↵ 2 R.

v(t) = ei⇡↵t
2

· 1[0,T ](t),

17.24

Coded Radar Signals

Unit Energy

A coded waveform s(t) is a signal of the form

s(t) =
1p
NT

N�1X

n=0

p(t� nT ) exp {j2⇡dnt/T} exp {j�n},

where
p(t) = 1[0,1](t),

{dn}N�1
n=0 = a sequence of integer frequency modulating indices,

{�n}N�1
n=0 = a sequence of real valued phases,

T = duration of a single waveform “chip,”

NT = total duration of the coded waveform.
We will initially take

�0 = �1 = �2 = · · · = �N�1 = 0,

which will give us a frequency-coded signal

s(t) =
1p
NT

N�1X

n=0

p(t� nT ) exp
⇢

j2⇡

✓
dn

T

◆
t

�
.
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A frequency coded waveform s(t) is a signal of the form

s(t) =
N�1X

l=0

p(t� lT )e�j2⇡⌦lt,

T = chip duration,

p(t) = 1[0,T ](t) (chip waveform),

and

where {dl} is a permutation of the integers 1, 2, ...N .

where

Ωl = dl/T, l = 1, 2, . . . N,

Frequency-Coded Waveforms
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Frequency-Coded Waveforms
Geometric Array or Binary Matrix Representation
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Stepped Frequency Approximation
to a Chirp (LFM)

Costas Sequence

Frequency Coding Matrices for Frequency-Coded Signals
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where

�(1)
s (⌧, ⌫) =

N�1X

m=0

e�j2⇡m⌫T e�j2⇡⌦m⌧�p(⌧, ⌫),

The Ambiguity Function of Frequency-Coded Waveforms

�s(⌧, ⌫) = �(1)
s (⌧, ⌫) + �(2)

s (⌧, ⌫),

The ambiguity function of
is

s(t) =
N�1X

l=0

p(t� lT )e�j2⇡⌦lt

and

�(2)
s (⌧, ⌫) =

N�1X

m=0

N�1X

n=0,n6=m

e�j⇡(⌦m+⌦n)⌧e�j⇡(m+n)T

·�p(⌧ + (m� n)T, ⌫ + (⌦n � ⌦m))
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