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Abstract

In order to investigate the fish behavior in the water tank, the three dimensional positioning
system with two CCD cameras was designed. The positioning system was tested at the vertical
circulation water channel with observational part of 1,500L x 1,500W X 500H mm and the
circular water tank with 2,050¢, X 1,850¢, X 400H mm.

The observational error of vertical direction was larger than that of horizontal direction, and
the observational error became enlarged in all directions according to the increase of depth and
distance from the visual axis. The maximum observational errors of horizontal and vertical
directions at the circulation channel ranged from — 1.7 cm to 1.8 cm (2.4%) and zero to 2.1 cm
(4.2%), respectively. But the errors of horizontal and vertical directions at the circular tank
ranged from —1.3 ¢cm to 1.3 em (1.3%) and zero to 1.3 cm (3.3%), respectively.
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Fig. 1. Schematic diagram of the positioning
system.
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Fig. 2. Construction of the experimental circular
water tank.
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Fig. 3~ 1. Diagram of the positional correction by

the image taken from two CCD cameras when
the object in water is located between F, and
camera F,.
A: object, F: distance between two cameras, H:
depth of object in water from surface, m:
distance from camera to surface, M: distance
from surface to bottom.
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Fig. 3 - 2. Diagram of the positional correction by
the image taken from two CCD cameras when
the object in water is located on the left from
camera F,.
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Fig. 3 - 3. Diagram of the positional correction by
the image taken from two CCD cameras when
the object in water is located on the right
from camera F,.
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Fig. 4. Arrangement of the established points for
the positional correction in the circular water
tank.
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IOP VIEW

Fig. 5. Top viewed arrangement of the established
points for the positional correction in the
circular water tank.
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Fig. 6. Front sectional viewed arrangement of the
established points for the positional
correction in the circular water tank.

Image processing of the pictures taken
from CCD cameras F, and F,
(Saving file of positional data)

v

Calculation of al and a2 by the paral -
lax of two CCD cameras,
Calculation of @, and a’ y by the fixed
point iteration

y
Calculation of depth H by the
calculated a, and a’y
(Evaluation according to the section)

v

Calculation of co - ordinates x and y
by the depth H

Y

Positional correction of distortion
by the curvature of lens,
resolution, aspect ratio etc.
(Correction according to the section)

v

Saving file of the corrected
co - ordinates x, y and 2

Fig. 7. Flow chart for the calculation of 3 - dimen-

sional position by the image taken from two
CCD cameras.
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Table 1. Comparision between the practical coordinate and the calculated coordinate by the image taken

from two CCD cameras for the circular water tank

unit : em

Practical coordinate Calculated coordinate

Practical coordinate Calculated coordinate

X Y Z X Y VA
-75.0 -60.0 0.0 -761 -609 -04
-75.0 -60.0 —50.0 -737 -589 -518
-175.0 15.0 0.0 ~176.0 152 -02
~75.0 150 —50.0 ~74.2 145 -51.0
~75.0 90.0 0.0 ~76.6 918 -0.6
~-75.0 90.0 -50.0 ~-733 884 -521
0.0 -60.0 0.0 0.2 -605 -0.2
0.0 -60.0 -500 05 -593 -51.4
0.0 0.0 -50.0 0.1 0.1 -508
0.0 30.0 -50.0 0.3 29.4 -51.0
0.0 90.0 0.0 0.5 915 -0.3
0.0 90.0 -50.0 0.8 88.6 -51.8
75.0 -60.0 0.0 761 -609 -04
750 -60.0 —50.0 737 -589 -518
75.0 15.0 0.0 76.0 152 02
75.0 15.0 —50.0 74.2 145 -51.0
75.0 90.0 0.0 76.6 918 -0.6
75.0 90.0 -50.0 73.3 884 -521

X Y z X Y z
~40.0 0.0 0.0 -40.3 -0.1 -0.1
-40.0 00 -500 -39.2 -02 -510
~20.0 0.0 0.0 -20.1 0.0 0.0
-20.0 0.0 -500 -194 -01 -509
20.0 0.0 0.0 20.1 0.0 0.0
20.0 0.0 -50.0 194  -0.1 -509
40.0 0.0 0.0 403 -o01 -0.1
40.0 0.0 -50.0 392 -02 -512
00 ~400 0.0 0.2 -404 -0.1
00 -400 -500 04 -393 -51.1
0.0 -20.0 0.0 0.1 -20.1 0.0
00 -200 -500 0.3 -195 -50.9
00 200 0.0 0.1 20.1 0.0
0.0 20.0 -500 0.3 195  -50.9
0.0 400 0.0 0.2 403 0.0
0.0 40.0 -50.0 04 394 -51.0
0.0 600 0.0 0.2 604 0.0
0.0 600 -50.0 0.5 595 -51.6
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Table 2. Comparision between the practical coordinate and the calculated coordinate by the image taken
from two CCD cameras for the circular water tank

unit : cm

Practical coordinate Calculated coordinate

Practical coordinate

Calculated coordinate

X Y z ¢ Y z X Y 4 X b z
0.0 -105 -49.0 0.1 _-)102 -498 0.0 -20.0 0.0 0.1  -201 0.0
0.0 105 -49.0 0.1 102 -49.8 00 200 ~400 02 _-195 -405

102.5 0.0 0.0 103.8 ~0.2 ~0.2 0.0 _40.0 0.0 0.1  -403 0.0
925 0.0 -40.0 912  _-08 -413 0.0 400 —400 03 -395 -406
-102.5 0.0 0.0 -103.8 ~0.2 -0.2 0.0 _—60.0 0.0 0.1 -605 -0.1
-925 00 -400 -91.2 ~08 -413 0.0 _—80.0 - 40.0 04 _-594 -40.8
0.0 1025 0.0 02 1035 -02 0.0 -80.0 0.0 0.2  -81.0 -02
0.0 92.5 -40.0 0.6 913 -413 00 -goo ~—400 06 -790 —411
0.0 -1025 0.0 02 _1035 -02 00 -925 0.0 02 -935 -02
0.0 925 -40.0 06 -91.3 413 00 -g25 -400 06 -913 —413
20.0 0.0 0.0 20.1 0.0 0.0 141 -141 0.0 142 1492 00
20.0 0.0 -40.0 194 -01 -406 141 -—141 -400 135 137 —404
40.0 0.0 0.0 40.3 0.0 0.0 283 -9283 0.0 285 _og4 0.0
40.0 0.0 -40.0 393 -0.1 -40.6 283 -283 -400 276 _979 —405
60.0 0.0 0.0 60.4 00 -01 424 -424 0.0 427 497 0.0
60.0 0.0 -40.0 592 -03 -408 424 -424 400 417 419 -406
80.0 0.0 0.0 811 -01 -0.2 56.6 -56.6 0.0 570 _571 0.0
80.0 0.0 -40.0 791 -06 -4L.1 56.6 -56.6 —40.0 559 _5g6 —40.7
92.5 0.0 0.0 937 -0.2 0.2 654 654 0.0 66.0 _-66.0 -01
92.5 0.0 -40.0 912 -0.8 -413 654 -654 —400 646 _g48 408
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Fig. 10. Swimming trajectory of mullet in the
circular water tank for 5 minutes.

39, Fig. 9 ¥ Fig. 10= 319 A B47E) 50
Al 28l & Abg-3te] B KES B KREAA 2
Z frgetn e e ol X & 052
AL 2 et 7t BE S Ao AAF Fik
Hafe] 3 2 vebd Aol

uhebA], LECE whet 2ol 3l MBEATEY AU
Al 28] & FFE TR o8] KIERINA 93+
fEite 2 AR d£AQ AX HAlE 7Hs3A
st BETEIS RdY S AT 7 @R 334
AA BT ol g GA BB 5 glon, o
28k 3at4l QX BERF o] E 2 HE] {HEE 2 &
BEo] Epk BB, FplcEE, MM AE M BEE

BE, bk Zol, KrEel ¥ AR Alolo) BEME, A
Brol 32 A Mg T ARTH RiES ANA
LB 4e 4 A 8ot

2 XK

TRA - F UL - RHAE - SHW (1995) : Y 28
g ARATENS) BiE R o) B R A o
Bo] gl KAl 2x|7h g0l kit &
Foigir)&8t3 A, 31(1), 74 - 83.

BaNE— - FFH ¥ (1981) : 2EBD» £ F I X % iFE
ABEOBIHBEO=XRTHMHA. La mer, 19,
179 - 184,

BHN#%— - RETE (1984) : 28D 5 2 12k Bk
i D3RTEIEOK DK, HAKEE, 50(10), 1685 -
1691.

HER BEGNE— - - HEHL1979): ~F 5+ %k
L7 77 ~F OFNEEONBE WIELEF DR
#r. La mer, 17, 37 - 49.

APH - A - FHE - A% (1995) : A Y 7
HE ol 88 o 2R RUHY A A8 A
o 1 AYrzoAe o) FEA A U FAS
= Abe}r 2] 2] 28(3), 309 ~ 315.

HEHEE— - LIARIRK - i 4 (1967) : FAMERETE,
4. 5T AR, 3%, pp. 3563 - 354.

Cullen, J. M., E. Shaw and H. A. Baldwin (1965) :
Methods for Measuring the Three — Dimensional
Structure of Fish Schools. Anim. Behav., 13,
534 - 543.

Pitcher, T. J. (1973) : The Three - Dimensional
Structure of Fish Schools in the Minnow,
Phoxinus phoxinus (L.). Anim. Behav., 21, 673 -
686.

Symons, P. E. K. (1971) : Estimating Distances
between Fish Schoolings in an Aquarium. /.
Fish. Res. Bd. Canada, 28(11), 1805 — 1806.

_29__



