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Fig. 2. The optimum transmit waveform and its companion receiver impulse response for a short rectangular target impulse response in clugter and nois

and go back to Step 2) withreplaced by:+1, andrepeat 1) Explanation: At stagek, the iteratef;,(¢) is an admissible
until ¢, is acceptably small. Then transmit pulse of energg which produces the output signal to
interference plus noise ratio

f(t):%gl& Jul®): 8) max p(t0§fk7h):/0/0Qk('rlaTQ)fk(Tl)fk(TQ)dTldTQ
2 o Jo

The optimum receiver impulse resporige) is computed = (fi, T fi)- (60)
accordingly, and Evidently
(k)
Ak fr) <
IH;LX max p(to) = B (59) (i Tefie) < B (61)

with equality iff
where); = limit A% ask — . fit) = VEpP (1),
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Fig. 3. The optimum transmit waveform and its companion receiver impulse response for a given target impulse response, clutter, and noise spectra.

Consequently, the square-root of IV. NUMERICAL RESULTS

2 _\WESR ) — f.012 = 2VE(WE — P 62 With clutter absent and channel noise fi&t,(w) = 0 and
@ = IVE0) ~ (o)l VEWE=c")  (62) Gp(w) = 02. ThusL(jw) = o, and it follows from (11) that
is a meaningful measure of the error at stagad plays a cen- 1

tral role in the recursion adopted in (57)Note that the fixed 9(t) = on W(w)F(w). (63)

energy requirementfi+1||> = E is maintained by the specific Of course, for an ideal stationary point targett) = cé(t), ca

choice of denominator. real nonzero constariy’ (w) = ¢, g(t) = ¢f(t)/o,, and
to 2p
e pt) = [ 0de =5 (64)
fh 0 (2=

9Predicated on the assumption that convergence to the optifittinwill be . . T
realized by forcing the differencEA™ — (f,., T fx) to go to zero. A fully whereF is the energy of the transmit pulgét). In this limiting

rigorous proof is still lacking. case, the shape of(¢) is theoretically irrelevant and may be
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Fig. 4. The optimum transmit waveforms for various values of energy.

chosen chirp-like to combine the need for increased range ando understand the data presented in Figs. 2 and 3 it is only

enhanced resolution made possible by the compressive propgeessary to recognize that the output SINR
ties of the matched receiver impulse response

max p(to; fr, h) = " g 66
h(t):& (to—t). (65) 4 p(to; fi, h) /0 gi.(t) (66)

n

computed at stageby the algorithm described in Part C of Sec-
On the other hand, when signal-dependent clutter is present &ind ll1 is portrayed in the form depicted in Figs. 2 (f) and 3 (f). In

comparable to channel noise, extensive simulation confirms tidg). 2, the target is selected to have a short rectangular impulse
the chirp is almost invariably suboptimal and its use often entaitssponse and the spectral densitié$w) andG,,(w) are both
a drastic reduction in output SINR. low-pass dominant (as is common in many radar scenarios).
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The heavy and superimposed dotted curves in Figs. 2 (e), ) = 10000. This considerably slower rise as a function of
and 3 (e), (f) are obtained, respectively, by using the cfii(p) E is undoubtedly owed to the shape £{¢) and the nonmin-
in (c) and the equi-energy signal in (d) as initializatifyit) for imum-phase character &.(w).10
the algorithm. The chirp achieves a largest possible output SINR
of —3 dB, the lowest point on the solid curve in (f). Observe V. CONCLUSIONS
that this is 14.6 dB below the 11.6-dB SINR attainable with
the optimum transmit pulsé;qo(¢) shown in (g)! Even more
dramatic is the decibel gain over the conventional matched fil

Unlike the classical radar case, the choice of transmit pulse
shape can be critically important for the detection of extended
: tf?‘;\rrgets in the presence of additive channel noise and signal-de-
for chirp. ; :
Indeed. if f.(t IS bstituti f pendent clutter. It appears from our analysis and numerical ex-
ndeed, iffe() < F.(w), substitution o perience that an optimal transmit-receive pdir), »(¢) which
H(w) = ¢« (w) realizes

into (7) yields Yo = Wax max p(to) (68)

1 oo ?
37 oo W) Fe(w)|? dw

27 —o0

SINR. = T exists and is uniquely determined up to a real constant nonzero
o _;’:’ |Fe(w)2(Gr(w) + Ge(w)| Fe(w)|?) dw multiple . of h(t) by a specification of target impulse response
(67) w(t), nontrivial spectral densitieS, (w), G.(w), and transmit
which computes te-20.87 dB and represents a jarring 32.47 dBignal energyF = | f||?. In this regard, the chirp, which has
deterioration in performance below the optimum. Furthermoregen designed for other purposes, can perform very poorly, es-
the output SINR produced by the arbitrarily chosen equi-epecially when clutter and noise are comparable. The issue is now
ergy initial waveform in (d) already exceeds that of the chirp bgpen for further study and the algorithm described in Section il
6.57 dB. Nevertheless, as seen from (g) and (h), the algoritioithis paper should prove to be a valuable research tool.
converges to theameoptimal pairfioo(t), hopt(t) irrespective
of starting point. According to Fig. 3, a change in the shapes of REFERENCES
w(t.), Ge(w), "’_‘ndGn(w) dOQS not qua“t?‘twe_ly alter'any of the 1) H. L. van TreesDetection, Estimation, and Modulation Theory, Part
main conclusions reached in our examination of Fig. 2. . New York: Wiley, 1968. _

In Fig. _4’(0)_(9)1f01)t (t) = fioo(t)is c(:mputed as a function [2 Dég(;.anco and RubirRadar Detection Norwood, MA: Artech House,
O_ftransm't pulse energy = 1, 10, 100, 500 and1000, respec- (3} 3 H. H. Chalk, “The optimum pulse shape for pulse communication,”
tively. The corresponding maximum output SINR’s are found as  in Proc. Inst. Elec. Eng. Londowol. 87, 1950, pp. 88-92.
the ordinates of the solid curve in Fig. 4 (h). Bt= 1000, the [4] J. R. Guerci and P. Grieve, “Optimum matched illumination-reception

. RS S radars,” U.S. Patent 5 121 125, June 1992, and U.S. Patent 5175552,
latter becomes asymptotic to the theoretical upper limit of 21.3 .. 1902
dB calculated with the help of (47) and (48). However, the lower [5] A. Papoulis,Signal Analysis New York: McGraw-Hill, 1977.
dashed curve, which is a plot of the largest possible output SINR6] F. G. Tricomi,Integral Equations New York: Interscience, 1957.
achievable with the scgled .Ch“ﬁt) = \/Efc(t), ||fc|| =1 10We have verified numerically thah | F.(w)| andé.(w) are not Hilbert
appears to reach a point slightly below this saturation valuetaisforms.





