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Fig. 1. Shallow water environment with a negative thermo-
cline in the Yellow Sea and the diagram of the periodic

rough bottom.
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Fig. 2. Comparison of the TLs between rough bottom and
flat bottom at two different source depths: (a) 7 m; (b) 40 m.
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Fig. 5. Rays for source above the thermocline (7 m) with
different periodic rough bottom: (a) Flat sea bottom; (b) L =
50 m (10A\), AH = 3m; (c¢) L = 50 m (10\), AH = 5 m;
(d) L =100 m (20\), AH =5 m.
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Fig. 6. Rays for source below the thermocline (40 m) with
different periodic rough bottom: (a) Flat sea bottom; (b) L =
50 m (10\), AH = 3m; (c) L = 50 m (10\), AH = 5 m;
(d) L =100 m (20\), AH = 5 m.

034302-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 3 (2021) 034302

SR LA D U SR R A N S (0 R (P 2R
ATLAEGR, B TL WK, iR i iR & B AL,
SR JE IR, I 6(d) AT LIS, B T 4
W R Ab, U A AR LT (o7 LAl nT L) Sk 4
W, B2 B 6(c), AR IR AR IS A 24 T3k
AR VLR T, P gRAe S5k 1 A A iR 5 1 4% £
WU IS, 83k S R I T B S I -5 T T TS 1Y) J
SHOE >, AT DGR T, Sk EOS B Y BE
BTN, LA 5 FE 6 BT, YR RN TR
J2 i, i TRERZMTELE, TR AST R
— R, RS IRV E I, — SR Y
FRTERR M IERS RO MK, AR IR P
P22 Y TH RN IS R G, (A5 RB A G K, Je &
INBEICR A P et A2 /0, PR TL AR K.
SR T TR R b 5 U S R VAR SRS X A R 11 5
Wi, 7 A T AR L AR AR
FE AR JE A AR A s 8 75 4 I s =R AL 7(a)
ATVE R, R R EAE R, SRR
FEAGUREE B R R AR T B, O SRR,
W 2 LS TS A, A A B S O
Xt BL (BL = —10log |R|*, R AT
SERE) M, SR, R, H 4
SRR TGRSR A2 G, RIS 2Rk, 20
T ILYGK A AYHFIE SR, BB 1 SR i 25
AR T T(b) AR R REARAERT, R N,
PRI F AR, R R I SR B i 22
A, 32 A IRV RE R, BES0 7 L 22 I IS S I I
REAAEALRE 7 AR ), 30 TL H K.

(a) (b)

s
W /m

JEH#/m JE1/m

o7 —ARAR IR LA R IR (a) IR R JE
ANAZ; (b) R AR e BEAN A
Fig. 7. Diagram of ray propagation in one fluctuation peri-

od: (a) For constant L; (b) for constant AH .

5 JE B AR AR g R 3 koo A 4 A
% e BALIE A

VIS T AR P 1 5%, IFor
B 13 AN R R R B IAL . 42T SR Ak o A% 4

£ EEXTAN R R O T A RE AR (b iEA T 20 #T
& 8 FIEl 9 73 sl g i PSR IR EE A 7 A 40 m B, B
AR (8), 4G TL = —10log | PP A R A [ i
I RS FR: Ty ik v 8] 5 45 g o 2 A ORS E A Ab ) — 4
PR IR TR PR AR AR SR 300 Haz, 7
&A1 100 Hz, SREKN 1 Hz, FHIREEE 10 km,
PRI g T S 18] 8 AR 9 R Ak bR A A
XF B KA. K 8(a)—(d) FIE 9(a)—(d) HYIEFIE
W R I, ARFEBIN 50 m (10N) ., &R =
FEH 3 m, BRI 50 m (10)) . EREEN 5 m
PLSGEAR M 100 m (200 EAREGEE N 5 m.

MG IRAEAE RIS, A 8(a) FIE] 9(a) AT
DAY 8 M 3] 455 17 1 AR TR BE R 18] b i 4377
YRR AR S HIANAS, AR = FE R, X LRI 8(b)
FE 8(c), FTLAE BIFERE TR EE b )2 RIS
RE A0 A B H B0 M R, HLREE AR m AR,
AR T . RO BT ERZE L i
S REAS B IR RS 1 S T I AR A AT IE
D) I 23 55 )t AS Q00 ST S TE JES 0 37 I 200, 4 AR
T EEAAR AR JEIA 20\ 1 (& 8(d)), A EL TF
I (1 8(a)), B2 S RE M H2 U 3 11 & 5 1 1E
P AS D, ik oh e R T /N SR AR R AE /N E] 104
(11 8(c)), RPE AR TBAR} JEE B IS, SR A 42 e I
FEHR BB 1 S 2 SRTIER T, fefE wEeE
g R A R 20\ BT RS L AR A 4 R
10N AYTRRJIC BB 5 S U 2212, BEA 21| TR FE IS A ) 55
SRTERE 2. X R4 A R, K
S E M, AR 2R SR IR > T AH XA RS B2
N, R JRCES AR BT 22, X7 A5 4K )5 e FE /)
M 8(c) FNIE 9(c) AT UL, o TR IR AL, fiff
R T EACS A E B 2 M A RE e, & 8(a)
W JRIRE R T m IR B LA RS R I AL
B T 8(c) AERZ TR ) IE I R 3 i 7E
& 9(a) T RAR)Z T /N BEARRE AR5 T B I o
25 3o AR AR IR JEC I 6 A VA T K BT /NI R 1 1 -
IEPReR (K 9(c)), RS 2 SRE AN
5 TR I R U BT O, T DAL R S o AH 1 1Y
K.

SCHk [7) BB DT BRI R B, A AR T ISR RS
N IN T e AU 2 P N S (RS 2 S P )
A FREHIEIEATIRAWTSE . TRk
FEAERR A B RIFST, RT3 VT BC 37 7 R E 6 A2 16
BB ELA 2 . & 10 A 11 435 A

034302-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 3 (2021) 034302

TL/dB TL/dB
(a) /d (b) 0 /d
—60 —60
10
—65 ‘ —65
g g 20
~ ~
& o
23 —70 EEN) ('Y —70
—75 40 —75
—80 50 l —80
0 01 02 03 04 05
RSB /s R /s
TL/dB e L/ dB
(©) / @ ° /
—60 ' —60
10
—65 —65
& g 20 |
~ ~
& 2
® -7 30 ‘ -
—75 40 —75
—80 50 —80
. 0 01 02 03 04 05
A E] /s AEFHETE] /s

B 8  FEALTERZ I (7 m) Bk op BA S5/ VR AR b (BUR BEES 4 10 k) (a) IR (b) BARJEHIHR 50 m (10)). KR
BN 3 m; (c) AR 50 m (10A). AR & BN 5 m; (d) ARREH N 100 m (200). BAREEH 5 m

Fig. 8. Arrival pulses at different receiver depths for the source above the thermocline (7 m): (a) Flat sea bottom; (b) L = 50 m
(10)\), AH=3m; (c) L =50 m (10\), AH =5 m; (d) L = 100 m (20)\), AH = 5 m.
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Fig. 9. Arrival pulses at different receiver depths for the source below the thermocline (40 m): (a) Flat sea bottom; (b) L = 50 m
(10N), AH=3m; (¢) L =50 m (10\), AH =5 m; (d) L = 100 m (20)\), AH =5 m.
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Fig. 10. Spectrogram at different receiver depths for the source above the thermocline (7 m): (a) Flat sea bottom; (b) L = 50 m
(10N\), AH=3m; (c) L =50 m (10\), AH=5m; (d) L =100 m (20\), AH =5 m.
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Fig. 11. Spectrogram at different receiver depths for the source below the thermocline (40 m): (a) Flat sea bottom; (b) L = 50 m
(10A), AH = 3m; (c) L =50 m (10A), AH = 5m; (d) L = 100 m (20\), AH = 5 m.
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Sound propagation in shallow water with
periodic rough bottom"
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Abstract

The rough sea bottom has a large effect on underwater acoustic propagation and underwater acoustic
detection applications. By using the typical shallow water environment from the Yellow Sea, the acoustic
propagation characteristics under the condition of both periodic rough sea bottom and strong negative
thermocline layer are systematically analyzed by using the parabolic equation model RAM (where RAM stands
for range-dependent acoustic model) and ray theory. For a low-frequency and short-range acoustic source, the
transmission loss (TL) increases up to about 5-30 dB due to the existence of the periodic rough bottom.
Abnormal TLs and pulse arrival structures with different source depths, different periods and heights of the
rough bottom are analyzed and summarized. Specifically, when the period of the rough bottom is constant, TL
increases with the height of the rough bottom increasing. When the height of the rough bottom is constant, the
effect of the rough bottom on the sound propagation becomes smaller with the increase of the period. The
mechanism of the TL difference caused by rough bottom is explained by using the ray theory. The incidence
and reflection angle of the sound ray on the sea bottom are changed due to the periodic rough bottom, which
makes small grazing angles of some of the rays incident at sea bottom become large grazing angles, and the
bottom loss increases. On the other hand, the change of the reflection angle increases the number of ray
interaction with the sea bottom, causing the reversion propagation. Therefore, the energy of the sound field will
attenuate with range increasing. The influence of the periodic rough bottom on the sound pulse propagation is
mainly reflected in the energy conversion between sound rays (or normal modes) with different angles, the
increasing of energy attenuation of some sound rays with large angles, and the decreasing of multipath
structure. The change of the arrival time and relative amplitude of the multipath structure affect the frequency
spectrum of the sound field, which will affect the performance of the method based on matching field
localization. Most of existing studies focus on the influence of the change in large scale sea bottom topography
on the sound field, but there are few studies on small scale periodic sea bottom fluctuations, and the relevant
summary of the law of sound propagation is lacking. When sonar is used in the actual shallow water
environment, more attention should be paid to the influence of the periodic rough bottom. In addition, the
present research results also have important reference significance for the spatial accuracy of surveying and

mapping of sea bottom topography.

Keywords: negative thermocline environment, periodic rough sea bottom, abnormal sound propagation,

characteristics of sound pulse propagation
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