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The high-directivity vocalization mechanism of echolocation signal
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Abstract: The echolocation signal of odontocetes has the characteristics of high-frequency and high-
directivity, which enables it to accurately sense underwater targets and is the object imitated by modern
sonar. In this paper, by analyzing the geometric structure and tissue characteristics of the head of the
pygmy sperm whale (Kogia breviceps) , the hyperbolic secant refractive index material is used to simu-
late the melon with continuous changing sound velocity, and the contour of the melon is modeled by
the outermost sound track of the hyperbolic secant refractive index material. In frequency domain and
time domain, the far-field directivity of the simulation model is analyzed by finite element method.
The results show that the plane wave is formed at the opening after the point source passes through the
melon with hyperbolic secant gradient refractive index, that is, the melon has the function of collima-
tion. By analyzing the correlation of far-field sound pressure values in different regions, it is shown
that the collimation of the melon is the main reason for the formation of the narrower main lobe while
the air sacs and the skull mainly play the role of suppressing the side lobe.

Key words: pygmy sperm whale (Kogia breviceps) ; high-directivity; gradient index ; collimation

« WFHE: 2021-03-16 FAHBH: 2021-05-21 MEHEHH: 2021-07-12
EEWE: HEARPERSTFRERS (31500433); FHAHR FEPAHLE A= 4 (6142109180101)
TEERAN: oM (199444), B, BIRAB: YHIEEY; E-mail: xuchx8@mail2. sysu. edu. cn
BIEMESE: HE (1974494), J; BIRAE: FPRMMAHAR; E-mail: huqing3@mail. sysu. edu. cn



3

TR, 2. NATF Rl

TENLAR - AR R A A LR 163

RN, i B 0 A KR AR 90 B
PRI IO B AR B RE ) 1, R S T B U
T 65 0] A S B S R . AR b, S
PR 3 P S BB & LR AR S B [ B o 1 ] 7 A 5
Hor B AT UK E] 100 kHz DA E,  BA TR 5
B o e, s [a) b, O g iy el 7 AR 5 A
75 () 25 [A] 48 1) PR, L 3 R R 9E B A A AE SO~
15° 7, HAR B2 [ PR,

NAT R BT 1960 4F X6 4 figt 101 745 5 A A 5 1 B
SRR R SE P s R L, SCER[3 AR T
JURP 145 i iy S 9 B, HE b P i e RN K OF £
TEERIN 6.5, Oh R R KT 32 98 R A
A9 7O 6. 20, IFARREE |, STER[4 1 T rh
4 K [ 75 8 A5 5 B W E R R 109 kHz, ik
MRFSLINT [ 24 28 22 s H RAIF9E 2 B ORHE 40 147 it
4 T 75 A7 A5 5 0 EL AT AR v 0 v i o) MR
1980 4F LUJG AP IR R R ALBE, 2R
MfgRDIEES: . WEaH . GRS IE, X
WA Sk 0 A PR A e K O AR R A AT R o
SCHRLS 13 2k W i B B 5AS [] BE 25 Ak 1 A5 BT 5
BRIATIE A B A B 48 SR 0 LE oA Sk 47 i 1 650 e L
A RERRE . SCHk[ 6 1% 58 W) K5 BB KR T
T EAEL, AEE U BT B0 5 0 A 1 o B
REMBEX, B THEREAMRL . SCHk
L7 15 B R A1 Sk BR Ay T Ak, I 0 )0 I 4 e
Jokw . RARRMELT AT 7O B, Gl
A ST IA R Sk B 5 AL B B 48 1] P
M RN ER, ML REN . TEARFRFZE
w5 B SR, A b 3K B Kogia
breviceps ™, YLK AR T LIS . BT
OIS TR NI I s h TR R WS d i I = S Dk 1]
KRB R AR R R 2 TR E R Y,
AR A AR S, JCHERREH S,

AR, AT 22 2R R B a7 iR A0 9 7 U A Sk
AR 2 AR RE R, H i PR E R,
R R ai R, X5 bR a2k
WG AKRE; HUBE N R, HBE S5 A #
SEPETHE LA Y I I IS R A
BRI BA AR SE XA A, X Fh s
i TR R 58 4 WS AL R R 2 4540 5 0%
J& AAE W58 B AT SR AE 4L 8L U G54 A E
MAME 80 S AR REEAE BA R B 520

AR S /NGRS fig S T 2= A R R R
SR FH 32 252 708 AR R A7 5 S b RIS 0L 401 28 1) 7 R

o, RSB ER M BI BT S
S G, ZJE WA BRI TT I X /IR 7 5 S 70
SR HEAT T O EOEAE, BT TS BT, A
e A B ML B2 45 A2 W) 2L U0 75 A 4 BT kS AR
R T /IR AR gt ] 7 5 A5 50 s (] e A
[ P BRI Y P

1 R ek i

PR PR A S P A e e BB ARG
TES ST R A F T, AR Bk L%, JF
TEE AT E N, DT e 1 4 =5[] 73 A
P, B Pk Gl IR R R OO HAE
RESC BRI AH AR I, WP O A S R4, 45 1)
o FEARMSFE AT, AR RE LRI 1 5L B
[RIRHARIN,  DUI-E RS AR A5 i A4 1) 1

SCHR 6] A BT K . SCHR (9 ] P V0K 5 SOk
(10 ] /INER i A BR OTASE R0 A P R 4 B R
PR BEAT AT AR AL o 2 DR D 1k Ml o A P R A
HFE RS ", RO T RS,
JIr LART RLORE 14 figt 2 75 0 P IR T A R s R R
VRIS MR T A BR AT, BT AR ELAG R ), SR AT
DU i s R S R A B, (S R e AL 1
v TR S TR BRI R S I A T, DA
11137 T S T S v B 4 T 1, X TR g S S ) P
TP e 3 TR 7 1) — e S T &N . A b
R P B S B PR R, R ok Y A R A
T A N R AT DA B AP, A 1
e, LA i PR 38 2o P 2 B ) 3 A Y
KB AR T B AT R L, IR B S AR
32 F4 - T2

3 A T LA i o B 3 S AR b e S A
LB, A S AT AR P T . O
A SOUIH TE 4T 565 A BE AL, T y 3T S 5
JEE 7 Al Bk XU IE R ek R =) Y, e 2
B RO, o MRBIE R KL AT AT SR A
T OUU T e R A I T S SR AR rh R L

K1 HEsR e

Fig. 1 Schematic diagram of acoustic lens
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Fig. 3 Two—dimensional sound velocity distribution
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Fig. 4 Near-field sound pressure of complete structure
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Fig. 8 Sound wave propagation process of complete structure
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Fig. 9 Sound wave propagation process in the case of no melon
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