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Motivations Fast WISL Minimization-Based Algorithm
Waveform design approaches manipulate with correlation Algorithm
properties. Focuses: 1) waveform quality itself; 2) mismatched Algorithm 1 Fast WISL Minimization-Based Algorithm
filter de5|gn.. 1. k % 0, y < unimodular sequence with random phases.
Corresponding problems are non-convex and can grow to large ). A 2M'D)\1%nax(r)
scale as.the code length and number of waveforms increase. N repeat
The difficulty is also that the required accuracy is high. " procedure WISLMAMI(y(k))
k) (k) -
o . 5: Calculate ( , and . m=1... Mm=m...., M.
Contributions Pmm i " ’ (k)’ i ’ (;) ”
_ 6: Construct B through BY, = (B : ) — ZPT( /) ,)
Fast and efficient algorithm utilizing inherent algebraic structures (0 W1 %k) (”IZ’)”H i Pmms i
in weighted integrated sidelobe level (WISL) expressions. 1 ) = [[BY) — 2y (y )|
Deriving the objective into an alternative quartic form which allows 8; zk) = (% (T(k) + MP)w)IMP — B(k)) y(k)
to apply the quartlc—q.uadra.tlc. tra.nsfc?rmatlon. | N y(ktD (p)) = o arg (24 (p ))’ o =1.... . MP
The non-convex quartic optimization into quadratic form by means
.. : CoL . . : 10: k+— k+1

of majorization-minimization (MaMi).

| 11: end procedure
Proposed algorithm shows faster convergence and better :

_ _ _ 12: until convergence
correlation properties compared to its conterparts. _ _
Computational complexity:
WISL and Problem Formulation Assume(kgl conss’gs)of Np (0 < Np < P) elements. o
Both p, -, and n), - need at most NpP operations if Z, ~, is given.

Y: P x M waveform matrix (M: waveform number; P: code Calculation of Z( ), costs P? operations.
|ength). Calculations are repeated only for subscripts m=1,... Mand m"=m,... .M.
WISL expression' Calculation of the vector z%¥) needs M2P? operations.

Total number of operations is upper bounded by ((3M? — M)P? + (M? — M)NpP)/2, i.e., at most of

G = Z Z vp\rmm 24 Z Z Z %2)|rmm | order O((M — 1)MP?) suitable for large-scale optimization.

m=1 p=—P+1 m=1 m'=1 p=—P+1 . - . .
p#£0 m'+m Simulation Results (Convergence speed and Correlation properties)

Unimodular waveform design problem: WISL performance comparisons of the algorithms tested versus code length for M = 2

Hlyiﬂ ¢ st lym(p)| =1, m=1,... M;p=1...,P. waveforms for stopping criterion (i):

P=32.M=2 P =128 M =2 P =512 M=2 P —=1024, M =2 P = 2048 M =2
. Min.? Ave.?Timelter.¢ Min. | Ave. Timelter. Min.  Ave. Timellter. Min.  Ave. Timellter. Min. Ave. Time lter.
Main Results WeCAN 29.0829.84 1.47 314 19.84 19.83 5.82 200 19.38 20.4417.65 67 20.10 20.25 90.82 97 19.65 20.41 313.78 97
WISLSong27.8028.65 0.57 238 -34.88-27.18 0.78 41 -47.12-21.17 7.82 21 -40.18-35.6841.35 15 -48.17-28.67102.62 9
Transforming into frequency domain and performing derivations: WISNew 27.7528.44 1.05 94 -65.74-31.76 0.37 26 -80.31-50.37 2.05 7 -85.54-73.83 6.15 6 -78.85-62.46 20.45 5

aMin.: Obtained minimum WISL value (in dB).  ?Ave.: Obtained average WISL value (in dB).  €lter.: Number of conducted iterations.

2P
~5p Z HYH pa ) © I') Y — voleH WISL performance comparisons of the algorithms tested versus code length for M = 2
p—1 waveforms for stopping criterion (ii):

Alternative objective function In quartic form: P=32.M=2 P=128M=2 P=512M=2 P=1024, M =2 P =2048 M =2
P K K Min.? Ave.’Timelter.¢ Min. | Ave. Timelter. Min. | Ave. Timelter. Min.  Ave. Time/lter. Min. Ave. Time lter.
. o)\ 2 . me) ) 2 WeCAN 28.2028.92 1.58 374 18.70 19.61 7.59 267 20.72 20.84 18.47 84 20.12 20.17 56.86 71 21.24 21.32/176.46 66
G = > > > ( ( (AA)) © rkk/>Y) +- (y ((A A)) O rkk/>y> WISLSong27.4828.59 0.84 298 -40.31-39.38 0.80 51 -47.63-46.42 8.55 14 -42.83-39.6533.24 20 -49.44-48.81 75.34 16
b1 kel K'—1 WISLNew 27.6728.25 0.30 149 -49.91-37.68 0.20 24 -59.52-55.09 1.22 7 -79.34-74.87 415 6 -72.53-61.87 13.79 5
Min.: Obtained minimum WISL value (in dB).  ?Ave.: Obtained average WISL value (in dB).  Clter.: Number of conducted iterations.
Generalized majorization function for f(x) at point xg: Auto- and cross-correlations of M = 2 designed waveforms with code length P = 32:
H 1 H . .
g(x) = £ (x0) + R{ (VF (x0))" (x = x0) } + 3 (x = %0)" G (x = x0) . 5 O 5 O
C Ce e : 2 o 2 o
Objective after 1st majorization in quadratic form: 5 5
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Final optimization problem: Figure 1: Evaluation of correlation properties.

min " (B(k) <>+34PA¢IMP) y (K
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