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ross-Ambiguity Functions (Cont.

In radar and sonar, one of the functions in ,¢(7,v) is often known, while the
other one is a random process:

Transmit: s(t) = AAF{s(t)} = Bs(r,v).
Receive: 7(t) = a - s(t — 79)e?™0t 4 n(t).

The cross-ambiguity function between r(¢) and s(t) is

Brs(T,v) = /00 r(t)s*(t — m)e” 2™t dt
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— / las(t — To)e” 2Tt 4 n(t)] s*(t — T)e 2Tt

— 0o

= a/ s(z)s™(x — [t — TO])e_iQ,”(”_”O)(w‘LTO) dx

— 0o

+/ n(t)s*(t — )e” 2" dt

— o0

= qge 2r(v—ro)To Bs(T — 19, v — 1) + M(T,V).

ambiguity function Response




6.2
ross-Ambiguity Functions (Cont.

What most real radars do is compute §,5(7,v) on a grid of (7, ) values using a
bank of matched filters:

{(TmsVn) : Tm = MAT, v, =nAv; m,n integers}

For 7,, = 19 and v,, = 1,
the response is approximately

+
Brs(Tma Vn) ~ aEs + M(Tmy Vn)-

By sampling finely enough, the
system generates an “image”
in the coordinates (7,v).

Bs(T,v)

Target Environment Aperture Point-Spread Observed Delay-Doppler
Image Function Image

@ If we think of a radar as an imaging system,
then the ambiguity function behaves much like

the point-spread function or impulse response
of the system.

@ High-resolution images require sharp ambiguity
functions => waveform design prob.




The Ambiguity Function of a Pulse Train

Consider a passband signal

s(t) = Re{u(t)e™™/<"},

where the complex baseband signal u(t) is of the form

N-1

Z un(t — nTgr),

1

I
The Ambiguity Function of a Pulse Train (Cont.)

A

The asymmetric ambiguity function of u(t) is

Bu(T,v) = /OO w(tyu (t — 1) e~ 2t gy

_ ]1] —i2nvNTR Z Z / l’ _ [,7_ _ (’I’L _ )TR])e—i%rut dt

n=0 m=0
—1N-1

_ e~ 12mvNTR Z Z 571 m n m)Tr,I/)

n=0 m=0

where

5n,m(7’, I/) = / Up, (t)u:‘n(t _ 7_) 6—i27rut dt.




If all of the u,(t) are identical:

un(t) =c(t), n=0,1,2,...N —1,

then
1 = sin [rv(N — |p|)Tr]
Bu(T,v) = — e mIN=IRTE LB (r — pTR,v)
N p:_%;_l) (N — |p|)Tr

If the duration of the pulse ¢, < Tx/2, the pulses do not overlap in the ambiguity
function, and |3, (7, v)| simplfies to

R N-1 sin [mv(N — |p|)TR]
=y e e |

If we take c(t) to be a unit energy rectangular pulse of duration t,:

1
c(t) = s 1[07tp](t), where t, <Tg/2,
P

a plot of |8, (7, )| appears as follows:

M
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Figure 7.7 The ambiguity function of five coherent pulses (T, =1, t, = 02):
(a) 3-D view. (b) Contour plot.
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We would like to find the complex baseband l6.r0
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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6.1+

The Pulse Waveform
Delay-Doppler Processor




6.1v
In general, we are interested in looking at the returns from all possible ranges (delays).

The situation appears as follows:

]

Because we transmit finite-bandwidth signals, we only have limited range or
delay resolution.

Recall what B4(7, ) looks like.

So we will divide the listening period into bins of duration Tgg.
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We can get the sample returns from each of the range bins (both | and Q
components to represent the complex baseband signal) by processing the
received signal as follows:

L 3

m~n n
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_)‘ m)pj_— [couo :
| Z 5 takd

|
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n.b., 7, is the transmitted pulse duration.

(6.2

Once we have carried out this procedure, we can think of the I and Q samples
{Imn,®@m.n} as being arranged in an array as follows:

/

S

Hnginn i

= " Oty 3210
we 10T A concaptuid Sagran of the sccuwdition of 1 & Sawag ey W
daliys, Soem N coniecunmne pudies ¢ T

(From: N. Levanon, Radar Principles, Wiley, 1987)
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Load I/Q Data
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