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Abstract The SHAPE algorithm has the advantage of being able to shape the pulse spectrum
as desired and design it not to distort other characteristics, so it was used in the active sonar
pulse design. In this paper, we propose a pulse design using the SHAPE algorithm for a
multi-static sonar system to reduce the cross—correlation between frequency—adjacent pulses and
prevent the performance degradation of the pulses themselves. The boundary function of the
SHAPE algorithm is set to be limited to the pulse bandwidth. As a result of applying the
proposed design method to the sinusoidal frequency modulated pulse, the peak cross—correlation
level (PCCL), which means the degree of cross—correlation, was reduced by 44.23 dB. Although
the PCCL decreased by several tens of dB, no significant change in the ambiguity function was
observed, and the integrated sidelobe level (ISL), which means the average value of the side lobe,
increased by 11.64 dB.
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Mutual interference suppression of the sinusoidal frequency modulated pulse using SHAPE algorithm
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Fig. 1 Scheme of the multi—static sonar system
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Mutual interference suppression of the sinusoidal frequency modulated pulse using SHAPE algorithm
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Fig. 2 Scheme of the proposed pulse design method using SHAPE algorithm.
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Mutual interference suppression of the sinusoidal frequency modulated pulse using SHAPE algorithm

Time Signal - Pulse 1 (Original)

slidalubulelalalalabulululelaloiabidabilibilolu)slilalululabolatalalylalitalilu
0 0.2 0.4 0.6 0.8 1
Time [s]

(a)

Time Signal - Pulse 1 (SHAPE Output)

Time [s]

(c)

Tlme Signal - Pulse 2 (Onglnal

T T

ULLLRRL

0.2
04
-06
08
0 0.2 04 06 0.8 1
Time [s]

Time Signal - Pulse 2 (SHAPE Output)

<02

04

-0.6

0.8 ff

I il
0 0.2 04 0.6 08 1

Time [s]
(d)

Fig. 3 The time-voltage waveform of (a) 1% SFM pulse, and (b) 29 SFM pulse. The
time-voltage waveform when SHAPE algorithm is applied of (¢) 1% SFM pulse,

and (d) 2" SFM pulse.
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Fig. 4 The characteristics of two SFM pulse. (a) Spectrum of 1°* SFM pulse. (b) Spectrum of
2 SEFM pulse. (c) Ambiguity function of 1% SFM pulse. (d) Ambiguity function of 2™

SFM pulse

7} =4 YERYA R Fig. 6 (b)elA SHAPE < 2 FEyE ~2H9ELDS FaAd F A 9|
18 & Ag o] SFM o g 45 = ol AEAAEE HrkstE PCCLol 44314
A e AAHer v S Ve AS oro e wrl oF 4423 dB 7AW AL FAd
gelgd 4 gk 4 olth. welbx SHAPE €ug&S o] &3t

Fig. 4914 Fig. 6744 R34 45 ol &3s  SFM ZAS A "2 HeS dF &
o] JAHor BAY Ans AFHon H7} 3 noele AEAVNEE B g3AH a2y
&7] 98 ISL¥%} PCCLE 74ts) o Alzglol A e $AFH e JFS o)

el Attt SHAPE ¢uel5s 243
AZE o el el dAsav

of 4ol A7]E ewlsh= ISLe] #4838k
& A4-RY 1164 dB S7FA T g 9= 5

2 % vk

_55_



Mutual interference suppression of the sinusoidal frequency modulated pulse using SHAPE algorithm

Frequency Spectrum - Pulse 1 (SHAPE Output)
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Fig. 5 The characteristics of two SFM pulse when SHAPE algorithm is applied. (a) Spectrum
of 1% SFM pulse. (b) Spectrum of 2" SFM pulse. (¢) Ambiguity function of 1% SFM
pulse. (d) Ambiguity function of 2" SFM pulse
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Fig. 6 The comparison of cross ambiguity function. (a) Original (b) SHAPE
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Table 1 The comparison of ISL and PCCL of SFM pulse depending on whether SHAPE

algorithm is applied or not.

ISL PCCL
Original -40.44 dB -13.76 dB
SHAPE -28.80 dB -57.99 dB
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