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Abstract: A laser interferometry system was built to accurately realize the frequency identification of
low-frequency underwater targets. An improved algorithm was proposed based on the Phase-
Generated Carrier (PGC) demodulation technology using the arctangent demodulation algorithm.
First, a set of interference experiment systems was built using discrete optical elements under an
optical darkroom. Water surface waves were introduced into the reference optical path as a high-
frequency carrier, and the interference signal was obtained by interference with the main reflector of
measuring and reference light. Next, sine mixing of the carrier signal is introduced based on the
arctangent algorithm of the PGC demodulation technique. Using the power comparison algorithm, the
group with stronger power was selected between two groups of orthogonal signals for demodulation,
so as to avoid demodulation distortion caused by the initial carrier phase. Finally, the anti-interference

ability was demonstrated by experiments under substantial mechanical disturbance. Experimental
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results show that the lower detection limit of the underwater sound source is approximately 30 Hz,

and the frequency detection accuracy obtained by multiple detections is better than 1 Hz at frequencies

above 100 Hz. The improved arctangent demodulation algorithm can effectively avoid demodulation

distortion and has a strong anti-interference ability.
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Parameter setting for simulation of underwater
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Fig. 4 Schematic diagram of experimental system for

underwater acoustic frequency detection

4 FIhERBARE N

4.1 KTEBEREFRMERE

P55 &R 28— 10 kHz B IE 5% 45 51
N AR L 5 — B AR 200 Hz BRI IE 5215 5
YRR B AR &8 0, SE 5 800 1Y) 200 Hz 7K R
PR TR 5 M LIS 5 iR . A s A
B 54y A AR 10 kHz BEEE 3% i 2 2% 6 7= AR 1
AT I L A BE 5 4 0~800 Hz MYy, Al
PIE 200 Hz KRS PEE S B 458 2 IR 7EAL
B 0T AT 53 AT 12 R 5 S it A 3 fe 0

Amplitude/V
e 2@
_—

S

01 02 03 04 05 06 07 08 09
t/s

N
(=
=

Amplitude/V
[\ =
[ [
(=] (=]

02000 4000 6000 8000
Frequency/Hz
B 5 S5z 200 Hz KR R 105 5 LA

Fig. 5

10 000

Detected interference signal of 200 Hz underwater

acoustic source and its spectrum

SR FH BICIH 1) fige 98 B30 00 A 5 AT AL 3L & 5
DU % FEL R AU B A9 DU IE S AR S A 6 BT .
MIE 6 ol DL i DU B 55 2 5 5 U 28
JEEL,

%1073
0.01 5
0.005
> 0 >0
-0.005
-0.01 -5
0 0.5 1 0 0.5 1
tls t/s
%107 x10

02 04 06 08 1.0 02 04 06 08 1.0
tls t/s

B 6 ARAT 0 Y E SR 5
Fig. 6 Four orthogonal signals



2628

s

3

B

T 55 26 %

AR SRR F R LAY S B VDA R B2 U
U, W fi 1E 58 {5 5 35 A7 R AL Ak 941 o Ak 381 245 3% o T
TR W Us A5 5 KR R0, 7 SR &
figp R 45 2R B G B, A O Y A R R R R
T A gk e P U, U P IE SR 5 it
FrARAL 4 L i IR 25 R P 7 (b) B s, m] LS 3
ERAIK T P AT R A 9 At 42 L

x10*

[y—

OB NN

Amplitude/V

0

100 200 300 400 500 600
Frequency/Hz

(a) H B

(a)Classic algorithm

700 800

x10*

Amplitude/V
[ S A

Mt Ao s b dnt 4 sl

300 400 500
Frequency/Hz

(b) B 553
(b)Improved algorithm
K 7 200 Hz KRS A5 5 i 45 R

Fig. 7 Demodulation results of 200 Hz water surface

600

S

100 200

acoustic signal

ST IS 100~2 000 Hz /K F 75 P54 K A fi
PSRN 2 PR . BSR4 R R 2=
ANH L 0.5 Hz, SEFRIN 25 5 70 152 22 5 388 18
KEATHE I 1 Hz X 02 RECY 55 kAR A
HRT R R 2 LA S A5 7 A 0 e R AN AR 3 A .
R VEAT 10 WM 10 Y 45 5 A9 S 2 (8
VB A 38 0 i VR 45 R X PR — 2D R AIR T i A 4
iRz, R 2 hal LUE W, A2 5255 I 45 7Y
R AR ZEAL R 0. 5 Hz; B9R 8 45 5 57 B4
T4y HER B2 0 KRR IR B 1 Hz R EGEEZ
YR 5t BT $49 06 VE SRy T 6 235 S g 6% o5 1K o 5%
2. FTLASEI Z AT AR SR R0 Bl ik S G D) A
R T EN T 1 He,

SR HEAT T 10 Hz~2 kHz B Z 40450, k2
P 7K R A R S 7 i B N R 8 B A A ], R AR
1) SR AP AT A6 AN (], S 3 25 8 il R0 32 T BR &Y

30 Hz, X &M h—77 WK R HAF1E 8 R
WL Bl 5 | AR B M A 5 — T T B 1k s 52 B 4K
T e I B I A A PEREBR R . R AR 1 BR A2
) A 1 BR A e AT 8 e A 3R g T A
AR PR . SE g R ok B S IE D)k
RE % S AR A 1) g A58 9 A0 R 1 T A9 00 I G
S X T IL A 2% B UL 6 2% A9 I B B A AR 95 119
fifp W BE ST

F2 TMATHEEMERBALER
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