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Constant envelop waveforms design and performance analysis for active sonar
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Abstract In order to solve the high peak to average power ratio (PAPR) problem of phase-modulated sig-
nals by pseudo random codes, constant envelop waveforms modulated by pseudo random codes and minimum
shift keying (MSK) method were designed for active sonar. The complex envelop signals were obtained, af-
ter analyzing the expression of MSK signals. The pseudo random codes optimized by genetic algorithm can
reduce the autocorrelation sidelobe values of waveforms and the false alarm probability of active sonar. Con-
stant envelop waveforms with excellent autocorrelation and orthogonality performances can be obtained by
optimizing the autocorrelation sidelobe and cross-correlation values of complex envelope signals, which can
alleviate interference between multiple active sonars. Ambiguity function shows that the designed waveforms
has good frequency resolution and range resolution, which means that designed MSK waveforms can replace
phase-modulated signals with high peak-to-average power ratio, and can be used for active sonar detecting
moving targets.
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Fig. 1 Comparison of MSK and CMP signals

—10}

R(t)/dB

—20}

| i N

—200 —100 0 100 200
t/ms

2 DAL I E A G B8 KL

Fig. 2 The autocorrelation of the optimized waveform

N T RSB BT 1) 2 5 B 7y R A i
BT HRR S T BT RO B BB 3 s . & 3(a)
BRI BB AT B RO L IR,
MSK 15 5 5 D BEA L2 A% 8 AH 45 5 BT 2RAL8 7 %



%535 % 4 6 3]

KA 25: E3h g e Q2T Bt SR RE 7 A 557

PERE: Bl 3(b) R VIIBAE —3 dB AL HIBIRI I, 7T
DA b 550 % T B BE B 4 % S R B A HE R
Kl 3(b) H, BEFIR R IER &, 7_3 gp = 1.12 ms, FE
BEOPERE AR =1 3 qp/2~0.84 m (KFFEH e =

0
—0.08 50 W e

(a) WIEHIBIELIE

1500 m/s); AR R — LI, 6_5 ap = 1073,
HCRDHER Av = cfy/(2fo) = ¢0/2 = 0.75 m/s. {5
5 RO R T U5 B A T 1) 1 2845 T A 2
GAERIINT P AT B R I 7R K

4
2
7
S o J

472 —-15 -1 —05 0 05 1 1.5 2
HH4E /ms
(b) WIAE—3 dBIEMIE

K3 AT BT BB L R —3 dB BRI

Fig. 3 The ambiguity function and —3 dB section of the optimized waveform

4.2 EEREIRILES

7 P 3o A B0 A BR 0 32X (13) ARG TR 1 A
TR FFHE AN ELAR G R4, 1 B BB EON 3, 504K
N 256, 5% 763K N 1000 Baud/s, B 34N 1 i
KI5 256 ms. PALIEFEH, FHEER/N K 500, E4

UHCR 500 B 2 b ARAL o BTAEFREE 1) — Jeig BE AL~
A, 0 TR IR B AR SRS S5 A 2909 15 dB, W% ELAH
KAELI M 15 dB. BT I =AM BT B A 5% s Ecin B
4. Bl 4(a)~4(c) il BoR T = AN A A
REREL, A IS R H 55 I B KA 43 30l 9 —18.91 dB.

0 0 0

-5 -5 -5
= =) =

= — —

< 10 = 10 = 10
o) = =

= g -15 g -15

—20 —20

—25 —25

—200 —100 0 100 200 —200 —100 0 100 200 —200 —100 0 100 200
t/ms t/ms t/ms
(a) PIELH A MR EREL (b) PIE20 A EREL (c) BIE3H) A HHSE R

0 0 0

-5 -5 -5

g —10 2 -10 8 -10
>~ < <

= 15 = -15 =15
= @ S

—25 —25 —25

—200 —100 0 100 200
t/ms
(d) BT FI200 EAH R L

—200 —100

0 100 200 —200 —100 0 100 200

t/ms t/ms
(e) WILARISH HAHFREL

(f) PeTB2R3HY HA K%L

K4 R IESS BTV AIAR R RE
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