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In aquaculture of Pacific bluefin tuna (BT)

For management of cultivated fish, BT monitoring is required
Measurements of fish size and weight of BT in a net cage

Optical monitoring for fish size using a stereo-video camera
Stress less method for fish (without touching)

Develop an easy 3-D fish size monitoring method for staffs
Using a commercial image processing software (DLT method)

Assessing the accuracy & validity of the estimates (error ratio: <5% )
Potential of a simple 3-D stereo monitoring method for BT size
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Devices & Method 1
Simple & general 3-D optical monitoring 1

Digital video camera: 2 handy cameras
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Resolution: Full HD (1920x1080), 29.97 fps
Min. Sensitivity of 3MOS: 2lux
(Panasonic co. web site)
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3-D analysis software “Move-tr/3D”
using Direct Linear Transformation (DLT) method

Move-tr/3D (Library Co.) (Library co. web site) 3

This method consists of popular devices and is easy to operate



Devices & Method 2
Simple & general 3-D optical monitoring 2

/ Fixed camera system ( 2 camerasm
underwater housing, fixing frame

Synchronize ( signal, flash light )

Calibration cubic frame
\_ 8 control points (>6) J

/ DLT method (Adbel & Karara, 1971) \
(Direct Linear Transformation)
Basic 2 equations (L,-L,;)
LX+LY+LZ+L
U= 2 3 4 (1)
L,X+L,Y+L,Z+1

CLX+LY+L, 2+, (2)
L X+l Y+L,Z+1

Vv

L,-L;,: DLT parameters
u,v: 2-D positions in photo.
\ X, Y, Z: 3-D positions in cam. /

3D calibration cubic
(60cm)



Experimental area off Kashiwa island, Kochi prefecture

Off shore Experimental net cage
Diameter: 30m depth: 22m

Shlko'kju island, Japan
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Experimental cag>\
N 32°46.769’ |
E 132°37.822" "
() Net cage (TAFCO) '

N 32°46.355'
E 132°38.145

Google earth



Monitor

Stereo camera system .
[llumination logger

UA-002 (On-set)
Depth: 0, 2, 12, 22m

DV cam: SD100(Panasonic)x 2 Bearing & tilt sensor

3-D monitoring of BT in an net cage

Stereo monitoring of BT in a cage
Date: 1) Feb. 7 2010, 2) July 27 2010
Net cage size: diameter: 30m, bottom depth: 22m

The system: set from a boat fixed to a cage by ropes
Setting depth: 2, 4, 6, 8, 10, 12m
Recording duration: 5 minutes (each depth)

Recorded distance: <10m, width: 6.3m, height: 3.7m

From the recorded stereo images of BT,
Fork lengths (snouts to tail forks) were estimated

... check the accuracy & validity of estimates

Interval: 30cm, parallel DST-comp-tilt (star-oddi) 6
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3-D calibration result (July 27 2010)
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el Accuracy of calibration

Min. error: 0.63mm (4)

Max. error: 10.61mm (1) <1.8%
e menomil Mean error: 4.55mm <0.8%

Standard deviation: 3.38mm

!

File: 100727 TOSABT_3D4_D: 2.5m_F000

3-D position calculated within 2% error
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. 3-D image analysis 30fps_20f
Camera-2: Left side g y Camera-1: Right side

¥ 2077 1759401 04356 Y-182 Z:0)

i[5 (X) UM

i AR— CE& G 7| &i0tED & AHRHE [ = SRSEESE 41 - A [ —&PSEEREG-541 - | E3 Microsoft Excel - = % MoveTrd2 BB LA} &8O 1756

3D/Side view 3

(X=356, Y=182 deg)
090621 TOSA BT3D 09:50 (:19,046)
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Time series data of FL calculated in a BT individual
Repeated measurements (20/30 fps, assess accuracy)

2010/02/07_No.1

FL: mean = SE
526.1+6.0mm
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Error ratio: 1.1%
SE / mean: 0.011
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Frames (30fps)
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2010/07/27_No.2

FL: mean = SE
710.7+11.4mm

\/.W/

Error ratio: 1.6%
SE / mean : 0.016

5 10 15 20

Frames (30fps)

20 sequential frames data of a same individual
mean + SE (standard error)

Estimates within 5% error ratios (requested level) 9




Error ratio
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Relationships between recoded distances & error ratios
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n=66, P: 85.7%
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Distance (mm)

n=44, P: 95.7%
(44/46=0.957)

Error ratio = Standard error / mean

Distance: <5.5m from camera

Totally 99% (105/106) BT with error ratio (<5%) 10




040
035
030
025

8 020
015
010
005

000

Relative frequency distributions of fork length
of BT in an off shore net cage
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o66 + 64 mm 2010/07/27
Mean + SD
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Captured Samples
Checking validity
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Regression _Kinki Univ.

Body weight (g)

Cultured BT data
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Body weight estimated from FL using data base

 Kinki Univ. 5.29x10° FL3211  R?=0.999 (n > 200): i Two models are well consistent

Exp.BT  5.25x10° FL318¢ R2=0.775 (n = 162),

2/7: FL: 566 + 64 mm
BW: 3,652 + 1,499 g

7/27: FL: 722 + 67 mm
BW: 7,585 + 2,545 g

.Body weight can be estimated



Conclusion

O,
e
2

Optical 3-D monitoring using a stereo-video camera

~

Fish size estimates
Monitoring distance ranged <5.5m far from camera
Fork lengths of 99% (105/106) BT can be determined
S Error ratio: <5% )

p
Fork length frequency distributions can be obtained
. Body weights of BT can also be estimated

\-

(Our simple stereo monitoring using DLT method )
provided 3-D information with sufficient accuracy

\ Staffs of aquaculture easily obtained fish size of BT )

|

Optical 3D monitoring using our method
IS suggested to be useful for managing aquaculture

13
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Thanks for your attention

14



o™ %
O
.
] i & &)
L
=
]
gb
&
,\0‘&\

2uev”

KENATLA®BRE EZRI2T

B 75 HI PR BEBHES.5mEA A O & 4R
AR 2 H<5%: 99.1%(109/110) D44 o X8I E AT BE

HREK REENFEHTED

/

(DLTEZEAVEREEIC &)
wE- SAAZ AT L ASHEA AaE

ERAEEISEABNEE
| ERENBEASTERTESTRERYSD

| |

HEHERT L ABEI & D
TRV REMRFALEEZSND

15

Kinki University



EIET

NV )T+ —F A21
THERHKA 1
HREHEKR 24
KEI—-T7 > RIJ7HA&4

AARICCHIBEERHVWELET,

16

Kinki University



& FLU®IC
IS " smoasA0RE: WEORS hEE (#R1L )

ERRABEEBEOLYS RBEZRXRVUINME
EERNERAOEY A XPAGKERIEDE &

BHEAICEFTOZV 4T 4 XOFHAFE
BETARANGCEEREDRE ARG E

SFEMA DX FNETAFE (EET)
ATLFABEICLDEY A XADIRTTEEREMN

BE- ZIMEOBEREEAMIEDOREL
BESEAFEZOREZTOEMEDRE

1 11

Kinki University i3




Potential of 3D monitoring using a stereo-video camera is assessed
ERAICERNIEL , ZEBS TRETRE,
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Experiments

Fork lengths of free swimming PBT in a net cage were estimated,
using a simple method that can be generally applied

Checking capability of its application and accuracy

18
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DLT (Direct linear transformation) method

é p'xyz :[U_UO’V_VO’ I]T

kp'xyz = pxyz = RpXYZ + pO

{prv=(X, Y, 2T U=t | X%
7 h K|v=v, |=R[Y |+]|Y,

I z Z,

s

CLX+LY+L,Z+L, V_L5X+L6Y+L7Z+L8

Po={7g. ¥, Zg)"

u= =
LoX+L,Y+L,Z+1 LoX+L,Y+L,Z+1

X L,-L,,: DLT parameters
yI:WIXI
In case of 2 cameras,
using least square method, L1-L11 were calculated. y'= [ua R L RTLEN LRV ]T
r T
Using above determined equation, L7 —Lgu® L, -Li,u* L;-Lju®
Xyz can be estimated. L2 —L3v® L2 —L3v® L2 —L8yv®

L -Lu® L)-Lu® -1’
b b,,b b b ,,b b b,,b
Li—-Lve Lg—-Lpv L —-Lyv |

x'=[X,Y,z] ’1
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Cal.-No.2

3D-Calibration (2009/11/26)

L] %] ®unms

Min. error: 0.37mm (1)
Max. error: 7.15mm (5)
Mean error: 3.42mm <0.6%
Standard deviation: 2.56mm

DLT (Direct linear transformation) method

File: 091126 TOSA BT_3D2_50;10 20091126 TOSABT3D-2




Fork length (cm)
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Time series data of fork lengths of PBT
2009/06/21 BT-No.1&11

No.1 in Feb.
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24

Time series data of fork lengths: Fig. 2



Error ratio
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Relationships between distance and error ratio: Fig. 3



MF30 BT E
2010/02/07 2010/07/27

040 W BT 100207
i W BT 100727
035 566 + 64 mm
030 [
722 + 67 mm
025
g
= 020
(a
015
010
005
000
o o o o o o
o o o o o o
<t LO © N~ o0 (@)}
Body Ength@mm)
n=66 (/77=0.857) n=44 (/46=0.957)

26



