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3D Micro-video Virtual Simulation Experiment for Echo Characteristics
Testing of Underwater Target

ZHANG Peizhen, MO Qingshu, ZHOU Guangbo, MO Bingge
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Abstract: Acoustic measurement technology is widely used in coastal defense, oil and gas exploration, landform imaging, and
shipwreck exploration. At the same time, the course is one of the key theoretical and experimental teaching contents for nurture talent
in the fields of marine technology, marine surveying and mapping, and marine science. The transducers (transmitter and receiver) and
different types of 3D virtual models required by the experimental system are designed by SolidWorks. The virtual experiment scene is
constructed by V-Ray, artificial intelligence, and other multimedia technology. Based on the theory of planar element method and
finite element method of COMSOL acoustic-structure coupling model in frequency domain, the acoustic scattering field of different
targets is simulated. The simulation system can help students to understand the system structure, basic principle of echo, characteristic
analysis method, and application fields of underwater target acoustic testing. The virtual simulation experiment is demonstrated by 3D
micro-video, which can be used not only to assist teaching and improve students’ deep cognition of underwater target testing
technology, but also to popularize science education of sonar technology for common people. The system integrated with the scientific
research of underwater acoustic engineering, the cultivation of talents and the service of society. The research results play an important
role in expanding the influence and coverage of underwater acoustic technology, and provide a reference for the innovation and
development of target detection technology.

Key words: virtual simulation experiment; SolidWorks; 3D micro video; numerical simulation calculation

KA MR E AR S T REBAHIT LA fF
SOHTHAEFREL AR | K AR AR BT S AR AR
SEIT I, SRR LI A B A A AN A
B SR SE B RN PR AR . Pk HAR IR TR A
M FEANZ —, BREGKTFESRN. H

IS HER: 2021-09-12; 1EEIHHEA: 2022-06-02

PRSI . KA AR . /KA A AR AR AR I K
PRAEAE . D, U ks F AR AR K
FR S Z ), R TR RS R T A s
B SR, AE RS IREM ST, N
AEMSZ . WY R RS TS

HEEUIB: BRaAMFEA(11974084); | AAEAMSREAF R ELSHFRETERR (230419137); | RiFFEX
BN A A S SR F F ) AR B (040205112101)
TEEEN: REZ(1972-), &, B+, %, TZ2ANFATAAEFRTFEFTLEFT DY A ., E-mail

zhangpz@gdou.edu.cn


https://doi.org/10.12179/1672-4550.20210453
mailto:zhangpz@gdou.edu.cn

44 SRFRE SHAR

H21 %

PO T e, T EOF 2 A58 R LA
WP R, &2 UM S A3 22 A XHRRE ) 2
SRR AE I 55, R v AT 2 A AR
JER K B4 5, e LUAE BB 20 o Bl ) o
AN HEIN AR i A AR, R A
B EB A Y, 1E R L ERHCE B T B 5
Felt o SCHR [S] IR A S 06 % X AR R AR A3 A A
% 3] H B DL K WP AE 2 4 A K O 45 A 2 T A
Vo BB B AL B S 86 2= 0 e R K 2 R
LabVIEW , 454 AR5l LabVIEW 1 MATLAB i
G sl XK TR, A A BB B
-4 8 V-Realm Builder K #5130 52 4 A o1 @ U0
H i P s R T & B KR TR R S 0 =R
FHUE T BAAR, RO T IR EIREE . K3 12
R RIS MR () (7 3 S 96 KBRS BT H
SPH + AR F I IR 45V R 0105 B S48, T L P
WHRIE B, RIS R TR LS R
ML BETE SRS U B, M A
TG BEERIT &, AT RRE A&
5z ARRE IR, DL RS A R A B S
Tl RV (5 B 75 S TR )y T e K28, Ry R0
SEIG AR MR TR R . TR 3D (A kR S
05 B G 4T R E ki, LUK T Bfris
B AU BRI A R, X Bl
BEARVEATRE L, e 2 S R U BE 2% 7 B S 46t
(LA SO, ARG A8 04 A SCHE S Ak
WSR2 AR AR ) R ESIE RS S, LB
)18 B 2% 75 AE 6 46 P A5 PSR . AR 1|13k
P E LM AN FEBENE, & TEAEER
WA K B e R R L0 B e R L il
it BRI R RO R Lk () A, &
A G BB T S5 B H bR s AR G ik AR R 2
3o REFAZALL 3D OB LS I 2F, HK
el SRR AN IFSI AL ey E S e S RN X iR pi R ML o8 A X (2
BN PEAZS &, 2B K S A IR R BRI 2 |
SEH N AT PR TR AISE A  BAR AR, T L
T LIG A R | B A T T RERE

1 BRI =R T

3D AR A 1] e 0 R 00 07 5
B A AE 5 A BRI QAT FIHE RAR
3D LT/ ER . 3D MUBRE OB | I (] 35
D7 ERUSUS T A SR . 3D AR i 5 Solid-
Works #AFHIAE s 3D WUHRE R bR A -F- 15 42 it

Pl B R s Rl Ak PR B A 1o 2 AE AR i
I3, BB HAR IR 5 S A B 7 i

HEALSE I 2 AR SR AR AN AT 1 Frs o S5 A1 kg4
SV B T LOE A R AOCTEA RS KT H AR
FORUMFHEDTTE” , IFEBIRAER A “3D R
RS HAR A RIS R R 57, sl
FROCHEREHI AT HEA

| Epsms |
I

L
MiLmAEE |

| e || s |

I_’_l

T
v
BT

B s = AR AR

2 RIS EINRERIT SN

21 ORSERIER

TESB e, FEIE BN B R B F BRI
INAE logoo AT LA IS IR SAR 55% .

1) 65 App ETUEERIENIEER K H
Pors BRI ST .

2)) 3 3k A DO 3o B A e S e e At B —
i, P AlE s G A T AR 2 E 3D
o T AR ARG AT, B RS B S 52 T BR R
H2E2] o 2] BN ISR S R ul o B SO B
B, WHEANRSETE, BISTHER A g
T, TR BT RE, W H L.

22 HERIERIER

iz SolidWorks IR GLFTE 1) 3D #5i4,
FEAHG: KPR WL SR AR ANTEAE . MK 3D
FEARY DL 5 (5 5 2 S R UL A K T 8 & 6
RERSB L SRR 2 ff R . FEIEAE
FH P AT LA 35 W45 40 ] 7 2R ) (o A
2.3 3D AR TR R

A 7 W R G Anfe] R 7S B AEOK R A AR RE
P, SER B AR AEF RS, sl 3 prosFLH
3Dmax FAF5ERL 3D BRI R w3, K
Fb A0 B 3h Sk sh R L, R I R G



51 K, A K FAR IR RN 3D S U D7 ELSE 5 - 45 -

HOR S A L KT e S E P RE R AR B ) A
b2 I o X e LU s NI R R Y R R e )
[IME, FEE KR TAREEARL A IR 4 . 1 dh
BB . Tl vk SRS &, WA
H R IR AR IR R (1 RS A

(OFE (d) BHHAE
K2 3D MR

SDRCPLYF 'S FL bl Rl b 3 LT 80 ST £

B3 S s it

PSR 298 3 min, FEZEAFELIT 3 P,

1) Fr3kizit

T B A KRR ST & B T
ARG, 5] B IR BT kA U R i
JEME— AT IAEK T i B AR I shie X, ik
AT Gn Ao AR 40 v K 7 £ A it B o R A 7
R4, WK 4 iR

WG/ 4 R PG D2
4 OB Sk T FEE s
2) M E Bl A R G
it T g PR o gy A 077 A i AP 31 3k H
brRJE, FHERRIR AR B ﬂ%@ﬁ%i il

bR 2 00l e e B[] B AR P e i — 4

AT, S INERREAR S R AN . A
TR b D7 AR [l R S 4], U WP IR
TEMPE G A | PR B WIROT R EH AR
U E S o Wl 5 R

HiEas 10 LAR LR ISR E i A s e R

2 AR B s LS00, R B R R,

IS s 8% T E I 1
3) sl Y AT N T
T U BB SR 3D s, S AR
fift . MEIKAEL L 3D AR L K 3 RS ] V-Ray
T Qe 25 AT S v e, TR AR B AR A S B
AT F AP U H ] Ul v

3 BRSO R IERARR
LK H R 1m0 0 1 P T R 2 2 X

T KA I S R R 2 H AR N, B T A0
Yy 3 IR I3 B B, R 2 R 2 B e R I

ARURFEL IR AR BRI | RS B H AR oE
B SRS, AN T2 AR X 7 R TR
FH A ERARE o AR 28 G0 bV A 700 R I JC A 0 A 051 158
FTECSH IS R U T 5, R AR R T 2 5 BR
JCIEAS S HARI R~ BT, 16t o b A 21
B, R FH IS8R I 7 AR g R A 0 1 B
B P R, AT RS e g AN A A
i,
3.1 WBRITTERETEREES

Xt T8 A4 AR AR AR S R 2
K TeEE", HIEA AR 3D HbRgmkl
SYVEZ /NI, IR KRNV R AR R 1hT R 43 A 6
Frs o ARPER I B oTIE U FoT, SR AR
BT I 5 B 2 R A 75 3 S UL

-y 2

(a) HEIK (b) Wit
Ble  HRm Tl s i



.46 - THRE GHA

H21 %

P H AR R E RN 08 M x N = AL RS,
BE—FRINHIC, TR HITHEURN .
Izg = fexp[Ziko(ux +vy)]V(a)cos(a)dxdy =

As
K .
exp|2iko(ux +vy)(pu-1— pn)
1
Vi@w Z:; (2kou + 2ko pp1v) (ko + 2kopv) (v

Ao i B ky RN AST B (u,
v, w) S22 [N R A AR AR 5 V() N TG 1T 19 )%
SYRRG K OIHTTUR R, A SO R AR R
7> 0 =L PG, BLAER K=35 (x,, y,) J2 T

T n AT AR s py= 2220 Hora g =
Xn+1 — Xn

Y1—=Yn

X1 — X °

4 T A7 e T S 74 4775 755 4
P

N M
=3y f PK0A o5 0y V() dS (2)

a=1b=18,),

g B ] AN ) 14 M R T 28 4ok Ak A 2% 4 28 [W]—F
M5, A S UM P 37 L -
M K epoikO(x;,u:lb+y;,v;b)(pn_l _pn)

b=

N
I= Vo w'
; Z:‘ P Wy + a1V )Wy + V)

Sab
(3)

3.2 COMSOL %4381%

F2 50 R 0 08 T LR T KRR il
SRR BRI 4 i 2
Fa X} 6 R HE A B B o Ay e R B 30 I il
X R AR B IAE T, RS FIH COMSOL £
Yy BR 715 KAS [R) 07 38 B R R R R4, 52 K
VKA e B BT, B, B
RERR R WA 7 Fios . B SolidWorks 4 7.
V6K 3D #5815 A COMSOL £ %) Bl 37475 BL 8R4
P AR 3L 2 5] A Berenger $ Hi 52 L ILELJZ
B bR R B — A Te R S, kb H bR Az AR
AW RS B WG, 5 A ]
S LS ARE P S U
FI R 77 2 B 6 BE RS 5 1R 1 3 o1t
TR, SO R AR U B A S

KRR S, THRER HbRoR R IR H
Freuty 100 m Ak S5 38 2 J5 Ak FRAS B KA G
BCR—FA RETE IR 8(a) BT/, VERFE A AH SCA00 R £ i
TENE 8(b) fii s o

& 8(a) 1, 0°, 180°, 360°%: i k)2 K I T
M1, 90°F 270043 il XeF 0 Vg A1 Sk B AN 2R, SR

JE AR AT IV e T A . 1K 8(b) H ) 90°
F1 270K B A ) T 1 e AR, 180°% I HEL g 2K B
B, 0°F1 360°%F 1 B L6

| SAEHRSTL SO SRR
L]
| sexmmEmzmszn |
L]
B
|

1]
B |

|
1] 1] L]

\ﬁ_%'fﬁi] [l | [ e |
| [

K7 5T COMSOL i H brsi i A i B 12

FHEE/C°)
(b) W hiE

K8 MR-

33 ERfFE
STy 0 BT 244 R S A

s, 0), FUTER N S(o, 0)- Wl FAEI b5

R EEVE N RE R H(w, 0), 45558



5513

K, A K FAR IR RN 3D S U D7 ELSE 5 47 -

T2 R Ge i o B R y(x, 0), ARAE A S
GHRUER, AR B B A
y(x,0) = h(x,0) = s(x,0)
S Y(w,0) = Hw,0)S (w,0)
PR (4) K Yo, 0) B A, Bia]
152 B B~ B A B R, PRP SRS H BREER an
K9 iz

121

(4

120 ¢

E 19l
S
e
118
117
90 180 270 360
FARE/©)
() MK
1200
1150
E
&%
o
1100
1050
0 90 180 270 360
/)
(b) T
B9 —ff R g e il
4 HERIE

G B FoR W BAUE B AR R R E K
HRFFTH . 3D AR5 H s [l Rk i
LA B8 DA 3D HER
ANBRET 3D B AR IS AR B A AR
e gy, Wi EIIICE S ARMEOR, TRk
PREZIBTEN ST AR, Al RIFAYK
AR [l R Y R DL ) A ). AU )
B ] DUBRAEAS R 2RI F AR B2 00 L ORI AR AL
2 I P 1 P R R R H H AR . At
— 2B R 2 P B0 L R R o R 4 R TR

HHfE, SEAFIH COMSOL £33 BRIt
M BT 0 39 5 J0 T IR RN TR A () A R — ) 1 1 8
AT Sl i . A EA BRI Al M 1Y
3D AR 7 I R G T AR B, A R 005 5
Y6 - 5 AN AV H K R T AR A ARk 2 A e i
P A L By AR 5 TR 1 7 B R R R U
B RS K T HARRI B AR B BF, BRI AL
TR AT BRAR S 4 AR () D8, T SR Xl v e
G MPEEE R TR R SR K

2 % ik

C1]  ZEHB- DL WA 7 S A5 1660—1783 [M]. 5
25 P BEPEIMTE I AL, 2007.

[2] HORTONJW. A3 [M]. i3R4, 3%, Jbat: R
Tl i iRAE, 1965.

[3] URICKR J. K7 JEHE [M]. db e 3%, 4 /RIE: MR IE
HEAA T AR 2= ML, 1990.

(4] ZEJRIR. AN, B 75 oA B A =
0], P EPBEBERE T, 2019, 34(3): 253-263.

[5] LAVANYA R, RAMACHANDRAN V. A study on the

E-learning[J].
International Journal on Computer Science and
Engineering, 2010, 2(6): 2173.

(6] BREM. ZTWEBH ML TRLE IS E RSB [I].
B TR, 2017(21): 71-72.

(7] BRidse, XBEE, MRSE, 55 FT Rt AR M2 5L
W E R 5T, BHECR T, 2021(11): 178-180.

(8] &XFi4e, ik, 4, 5. 3£ T LabVIEWHIMATALB
LR = S B T]. SR E AR S &K, 2014,
33(4): 62-64.

(9] Fmel, Tk, sk, iR R HEHE B br s U1
BB E ] K TN RG], 2018, 26(6): 533-536.

[10] BEJT4E, ski52, wefd )L, &5, Sha W m_ Loy S A
BB L) I EER2:4R, 2019, 38(1): 40-45.

C11] 23k, Tk, INEHE. WGV TR U It = el
55epR]. g E R, 2020, 23(2): 172-174.

C12] FR/NAS, ko, 22 I, 5. SPHE AR AR IRE shiFE
U005 2L S v R I8 P (7). SE 6 R 548 B, 2021(5):
140-144.

C13] Jih, B R e, skt W5 PREE R0 S0 0 LS S0 B 5%
BRI AIRTY (T, SERm B 5E, 2019, 38(7):
214-218.

L14] 8%, 7IETE. AN EARREE (TS Mk [Cl
T2 1999 F AR AR 2L [S.1]: [s.n.], 1999.

[15] WHITLOW W L A. The sonar of dolphins[M]. New
York: Springer Vcrlag, 1993.

[16] VERDONK E D, WICKLINE S A, MILLER J G.

Anisotropy of ultrasonic velocity and elastic properties in

effectiveness of wvirtual lab in

normal human myocardium[J]. Journal of the Acoustical
Society of America, 1992, 92(6): 3039-3050.

“miE PEE



	1 虚拟实验室架构设计
	2 虚拟实验室功能设计与实现
	2.1 公众号登录模块
	2.2 模型展示模块
	2.3 3D微视频科普模块

	3 数据分析和处理模块
	3.1 板块元法数值计算散射声场
	3.2 COMSOL多物理场
	3.3 回波仿真

	4 结束语
	参考文献

