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Fig. 1 Imaging principle of DIDSON

(a) line focus lens; (b) the sound pulse detection model; § is the angle of
vertical field-of-view; A and B are the points at the same range in the

same beam
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Fig.2 Working diagram of DIDSON

(a) transmitting beams, o is the angle of horizontal field-of-view, f is the

angle of vertical field-of-view; (b) echogram
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Tab.1 Parameters of DIDSON

ZH HfE ZH Hff

parameters values parameters values
RS /MHz 1.8 Beli ) #i/dB 20
operating frequency receive gain
PR HuA 96 RN EE/m 12
number of beams detection range
WA B E/(°) 0.3 R/ 45
beam width picth
RFE KA 512 WiZE/(s™) 13
sampling number frame rate
SKAE A kHz 373 hRIW 30
samplingfrequency power consumption
A kg 7.5 K kg 0.7

weight in air weight in water
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Fig. 4 Coordinate system of horizontal field-of-view

R TR T H AR CE AL B, DA AR R — A
AR A AE R B AR DAL E (X pe) »
{ Xe=mig/mop

Ye=mq1/mop

©)

Km,, (u,v €{0,1}), o] LI T KR
myy = ZZx"yVI (x5 ) (6)
x oy

3 IGe ) S 1R 3 5 Cr, )R L R

TR T oS AR, A H bR O
(X, ) BB AT T . (r, 9), Ho R
r=/x2+y2, Irfiffio =cos! (x./r)

1.3 B#rxE

oK Himas st BEPLIE, A BT 5Tk M
22 1.5 2 BB (IMM) &S 4 156 A M 3R Bl SC IR B3 vk
(JPDA)YXF A [al ot P& 45 o ] — H ARt 47 S,


http://www.scxuebao.cn

6 10 FIFFR, G5 BT AR WA £ = 4 A (A 3 Al 999

SRR EBR BRI L Sk = 4 s ) A AR (1
AR LR . HE S Y AR 2 SR A A
R STRIE R | AT R | i 3R R 2 [A] Y
B 7 L D M £ 0 T AR
I B AE S T (R, B A 220 B35 VA
WEATYY, . A HOBR X — B sh
iG=1,---,n,n=3), W HIK Iz
ik 7 72
{ xp = Fl_xp+ Gy Wi

. e 7
Zp = ij.xk + G]k_] V/{

Az FbR e ki 220 1 DR 25 i 42 LM i
B, F{ o G SR k- 2 AR 75 5 B 0
NS, HIERIE R, Wi Ry 2T AR
FHE TV, XL T %0 0) RIRY .

bR IR B 0 3 e =1 220 1
RS F32 B 7 R A B AN T B HOu R A
By 22 AR, B T AL A b SCER
ELR 2 SR 1 SCIR R 5], 44 R RE
B4 25 e 0 LB SR PR [ A A8 e 0 4R 25
B AT EEH AR AR U TR DL AR B RO A A
R, BJR VAT FARIRAS TR, 15 A 201 H AR
RS ok S HCA R FLARPI T 22000, SR e
WMESHIR

14 ZFEEHE

2830 H bR IR AT LUK AN [ B 220 20wt (51 4% h
IR — B bR R AT 6, R e B 20 R i H bR &
(r1, 1) Fl I Z0 R 0 H AR AL (r2, 02) XTI A [] —
Hbro Mo MeRETn, TR KT B bRz
gk o BB BUG T M E YRS, JF H—
E WA ) VR A YR OE D5 1) R SR, o B2
WAL F O, LIFTZIFENALTF0,, WP (x,y,z) &8
M HEAREG) . T HETFIHE, LloP Rk Lk
@ K KAPBC — A,P\B Oy, TE i J7iEH,
|OWP|=r1 , |OPl=r, , LZB1OWPI=¢1 ,
£B20:Py = ¢y, HrJe HARTE S — Wi ml B4R
HRRIE , rode HARTE S Wi 75w R v i R
B, o HARTESE — WS iy R i 5 £, [
gy HARTESS Wi my KR by 5 i f o 6
HRHE 0P OPHE 2K IXOY F (K17)

T Py (x,y) & PrE KT XOY 5,
A I & 6 0 1Y 0P F1O,P 7 T XO, Y B 5
0P, Hlo,P; (7).

REDEYE

state filtering

l

RIEME A S

association probability update

l

AR R A RIS I FA RS BT

state update with different models

l

LR R B
likelihood update

l

BRI R 55
model probability update

!

FARRE BT

target state update

5 IMM-JPDAE ERIZE
Fig. 5 Flow chart of IMM-JPDA

6 BfEZ4#=EPHUE
Fig. 6 A target in 3D space

7 BREKFELHEEE
Fig. 7 A target in the vertical field of view of
the DIDSON

http://www.scxuebao.cn


http://www.scxuebao.cn

1000 KopE o R 245

(BB A W 3 YR RS S BE S o, B
d=v-At, A=t —nl, viEBARH W3
B, MRS T7 R -

{ L01P1 :y:tanapyx

Lop :y=tangp,-x +46 ®)

O I = M B = 31| D e W 3
x = ¢/ (tan ¢y — tan ;)
y =0-tanp;/ (tan ¢ — tan ),
T
A« HARCH th i B, RIS W] — 4>
HAr ) BUALE 1 Zenit R P B AR AR (71, i) 4 (72, 2)
ooy (Fayan) s I (rky 0) 5 (g, apr) TERART Z
W = e AR (g ypoz2) » HetPk=1,2,---n -1,
HEHX n— 1D AR AR AR IZ B ARTEK T (19 = 4R350

WP (x,p,2)

2 4

2.1 EGRLEBER

XF R AR B B WURL O AT ER AL B, R
LA R 96 x5 12010 4K dle i I R L IR
AR, HpRR. K8EATKE&RE )G
B P, HG b B B T Y AR SR I S
i, FARm, B X AUR H AR
ML, OBAXARE R, A BRBREHE
—Mfrek ., KoRATERERE, HEK

A
™

fish
Ar///

[l 8 DIDSONREHEFE K
Fig. 8 Acoustic images obtained by DIDSON

http://www.scxuebao.cn

PP AR, RG] DUAR 2 5 3R 45 H AR A 47
AEREPSES

B9 BRERERER

Fig. 9 The image after background elimination

22 BIFMERS

TEHCTOMT % ZE R, WU FHAH <1 W ot (5145
H ) SRIBE H AR 7 BT R A A5 ) Ak b, JFE T
A 23 B AR PR A 2 s 3h 3k . K10/ 13 H
FREyZs BT, X34 HARLE 1015 e i 31
AIUECASHR A, B UL () A 8 B AN [

AN TRl B FRAE RS i 37 v s B Y B £ R A
W], B AR, 1 A A
MGG, 58— B bRk i1 4 U B (AR R
AP . 4o 10 min Br A B s 095 E
fFa, —IHB3915cfm, H K% shi
FBl A 7K 3 3~5 m([&I 1),

3 iR
3.1 RESH

R T VAN S A BT R MER R, LR AR
WA KM P EAT T UE . K A R ST R x 58 x5
50 mx15 mx10m, FHEA T8 mEEMK; /Kl |
A2 A, BAME LA TR RS,


http://www.scxuebao.cn

6 1 FAFEAR, A LT UGS WA £0 2 = Y e (R 43 AR 1001
80
—4.5 —&— HArl targetl 70 - ]
—+— H 52 target2
4.6 . —&— H#53 target3 60 - M
. _ 50
g 47 B\E'_ﬂ-&\ﬂﬁ—g Dﬁ 2
N mmgm-
A8y A, STeSeeo ®E 3
49 . 20 ¢
10 | H_
=5.0 ~ 0 H |_| ‘
—0.4\\ 1.01.52.0253.03.54.04.55.05.56.0
-02 ™ ~
0 — JKIFR/m
Yo Z02>~—"4, 38 36 depth
4.2 :
Y/m
B11l a#o%5KRNXR
E 10 =Bk

Fig. 10 Target trajectories in 3D space
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Tab.2 Comparison between theoretical results and actual values

r/m ay/rad d,/mm ry/m ay/rad dy/mm X% Verd%  Zepl%
9.296 0 1.4196 20 049 9.307 4 1.4187 20 101 5.7 6.3 2.8
9.276 3 14193 20 128 8.527 6 1.404 7 20 889 7.1 7.0 6.8
9.205 5 1.4192 20 180 8.496 1 1.4053 20915 6.4 5.7 4.6
9.0153 1.4149 20 364 8.547 1 1.405 1 20 863 7.8 7.5 6.5
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Three-dimensional distribution of fish using an imaging sonar

JING Danxiang, HANJun’, WANG Jieying, WANG Xiaoding, XU Zhiwei
(Institute of Marine Information Engineering, Ocean College, Zhejiang University, Zhoushan 316021, China)

Abstract: In order to obtain the three-dimensional (3D) distribution of fish in a marine ranching, a method using
imaging sonar to calculate the 3D coordinates of fish is proposed in this paper. The imaging sonar used in this re-
search is a Dual-frequency Identification sonar (DIDSON). It is a multi-beam sonar that uses acoustic lens to form
individual beams. It constructs a high-definition two-dimensional image for target detection by transmitting ultra-
sonic beams underwater and receiving the echo signals. It sets a new standard for excellence in underwater vision
in black and turbid waters due to obtaining near-video quality dynamic images for the identification of objects un-
derwater. In addition, split-beam echo-sounders have also been used on some occasions to monitor the movements
of fishes. Despite the improvements achieved in fish monitoring techniques, the interpretation and classification of
the data collected by the traditional acoustic techniques are often challenging and require extensive experience and
effort. The DIDSON bridges the gap between existing fisheries-assessment sonar and optical systems. In a DID-
SON, 96 transducer elements constitute a linear array and each element both transmits and receives acoustic beams
such that echo amplitude is determined by the intensity of the reflected signal. It can obtain the distance and azi-
muth of the target from sonar images, but it is unable to acquire the elevation of the target from the images. To
overcome this difficulty and obtain the fish distribution, a new method is proposed. Firstly, the sonar is fixed on
the outside of the ship's rail and submerged in the water to collect fish's information through the investigation on
navigation. At the same time, the beam emission direction is on the same plane with the sonar's moving direction.
After data collection, image processing is conducted, including image construction, background elimination and
target extraction from horizontal field-of-view. Target association based on Interacting Multiple Model Joint Prob-
abilistic Data Association Filtering (IMMIJPDAF) is carried out to deal with the extracted targets, thus the rela-
tions of one target in different frame images can be obtained. The 3D target coordinates are acquired according to
the spatial geometric relationship between the positions in two consecutive frame images. Finally, multiple target
trajectories in 3D space and the depth distribution of targets are obtained through the correlation algorithm. The ex-
periment was carried out in Dishui Lake which is located in Shanghai. Experimental results showed that the pro-
posed method can effectively acquire the fish movement tracks in 3D space underwater and the distributions in
depth. It also showed that most fish swam in the depth 3—5 meters. It will help to analyze the fish behavior and

provide technical support for fishery resource assessment in a marine ranching.
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