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24.2

Efficient Processing of Nonuniform Coherent Pulse Trains

e A number of investigators (e.g., Resnick, Rihaczek) have considered the
use of nonuniform coherent pulse trains because of their low range side-
lobes.

e Nonuniform pulse trains “break up”the “bed-of-nails” delay-Doppler re-
sponse of uniform pulse trains processed with standard coherent pulse-
Doppler processing.

e The most significant drawback to the use of coherently processed nonuni-
form pulse trains is the lack of a computationally efficient approach to
formulating a bank of Doppler matched filters. ( Pulse- Dopplor Processin 5 )

e In this work, we show a computationally efficient approach to generating
a bank of Doppler matched filters for a class of nonuniform pulse trains.

e These nonuniform pulse trains are based on Pulse Position Modulation
(PPM).
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The Matched Filter

Matched Filter: The L.T.I. filter that maximizes SNR when detecting a signal
s(t) in the presence of wide-sense stationary additive noise with PSD S,,,,(f) is
given by

i kS* (f)e—iQ’]TfT

Sun(f)

H(f)

where k is an arbitrary constant, and

S(f):/Rs(t)e_ﬂ“ftdt.

When the noise is white with PSD S,,,,(f) = No/2, the filter that maximizes
the SNR has impulse response

ht) = 3T —t),
(setting k = Ny/2.) The resulting SNR is

2F,
Nl

SNRr =
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Processing a Uniform Pulse Train B

Let s(t) be a complex baseband uniform pulse train of the form

S(t) 5 Z amp(t = (m i 1)Tr)7

where the a,, are (generally complex) amplitude weighting coefficients and T'.
is the interpulse period (IPP).
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Processing a Uniform Pulse Train
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We find the matched filter that maximizes the output at time t = MT,.:

~ L S*(f)e_iZﬂfMTr s er\r/,,[:1 a:np*(f)ei%f(m_l)ﬂ —i2n fMT,
Bl e T S ()
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Lid (f) e—zQﬂ'fTr ] E :aj;kne—z%rf(M—m)Tr

m=1

M
= Hp(f)- Z a:jne_ﬂﬂf(M_m)Tra
m=1

where H,(f) is the matched filter for the single pulse p(¢) sampled at time
==t by
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Processing a Uniform Pulse Train

M
Hp(f) ] Z a;kne—ﬂﬂ'f(M—m)Tr

m=1
z(t)—> HL(. f) ._r-XT‘ > ”fl:! —I-V Div!'“y > see -T D.}!:')' T
A4 4
& .= Lk *
Gar Gpar—1| |Cpr—2 s ay
> H,
> sen Thresh
D= D0 J.-..;'—’T, | a,
| —1 K
> H(f) , 20 y >
. 5= jA T = T = MA
Single pulse matched
filter for p(t) aj*
F]M( f)
31
2F.F

Processing a Uniform Pulse Train
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¢ The pulse-Doppler processor implementing a bank of matched filters for this pulse train has

the following form:

P =

Length-M
DFT
Filter
Bank
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Processing Nonuniform Pulse Trains

Let s(t) be a complex baseband uniform pulse train of the form

ST

s(t) =D D amip(t — (m— 1T, - (j — 1)T),

m=1 j=1

where the a,,; are (generally complex) amplitude weighting coefficients, T} is the
interpulse period (IPP), and T is the pulse width.
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S Processing Nonuniform Pulse Trains
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Processing Nonuniform Pulse Trains

We find the matched filter that maximizes the output at time t = MT,.:

S*(f)e—i%rfMTr

Snn(f)
M J * * 27 f((m— j —
i Sat e flor T e S e 1)T)e—i27rfMTr
Snn(f)
" NS
2l B (f) e—iZWfTr ' Z ZCI,;:,L]-€_i2ﬂf(M_m)Tr€_i27rf(J_j)T
Snn () =1 =1
* J M
= P o2 fTx o 2mf(J-5)T Z a:nje—z?wf(M—m)TT
Snn(f) =l m=1

This tells us we can process each of the J pulse “phases” as a separate uniform
pulse train and add the results to get the complete matchd filter response for
the multiphase pulse train.
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Nonuniform PPM Pulse Trains

27.12

So how do we generate nonuniform PPM pulse trains? For each m =1,..., M,

we set all but one a,,; equal to zero:
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PPM Firing Sequence and Matrix

e The PPM firing sequence can be represented by the M x J array of ampli-
tude coefficients. Here for each row m there is only one nonzero coefficient
in the j-th column indicating that the j-th PPM position is occupied in

the m-th pulse.

e Here is a Costas firing array for M = J = 16:
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Autocorrelation Functions of Pulse Trains 2% 1

Uniform Pulse Train

E&aveform Parameters: Sf
M =16 :
T.=1.0 °l
T =1/32 = 0.03125
J = No. PPM Slots = 16 ' ~ il '
1l i
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| Costas PPM Pulse Train

Comparison of Autocorrelation Functions of Pulse Trains™
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e Significant reduction in ambiguous response (ambiguity volume) of nonuni-
form PPM pulse train along the zero-Doppler axis.

e Significant reduction in range ambiguity of nonuniform PPM pulse train
when compared to uniform waveform.

e Woodward will not be mocked—the ambiguity volume must be shifted
elsewhere in the delay-Doppler plane.

e The ambiguity volume can be shifted élsewhere in the delay-Doppler plane.

.15




Ambiguity Function of Uniform Pulse Train Z7.16

Uniformly spaced rectangular pulse train

lx(z,v)l
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Ambiguity Function of Nonuniform Pulse Train **'*

pvec=[3 91013 515111614 8 7 412 2 6 1] & Costas

08+

[x(z,v)l
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Comparison of Ambiguity Functions of Pulse Trains 2# (¥

Uniformly spaced rectangular pulse train pvec=[3 91013 51511 16 14 8 7 412 2 6 1]
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Ambiguity Function of Nonuniform Pulse Train

Waveform Parameters:
|%(1¥)| T=1, Tr=13,kvec=[0 0 0 0 0 0 0]

M =13
A : :
No. PPM Slots = 13 R S RS S B
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Ambiguity Function of Nonuniform Pulse Train

Waveform Parameters:

M =13

LIS
Tr:13
L il

No. PPM Slots = 13 =
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