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1. Summary

Body length was measured by observing fishes (Mean total length: 83.1 cm) moving between
two pontoons by acoustic camera (DISSON). Affection caused by shaking due to ocean
waves was alleviated by securing the acoustic camera to transfer gate. The recorded data were
analysed by manual measurement and newly developed automatic measurement program.
Difference between mean total length of each transfer measured by acoustic camera and
actual mean total length was 3.0 to 0.3 cm (Mean = -1.4 cm) in manual measurement, and -2.4
to 2.8 cm (Mean = -0.4 cm) in automatic measurement. Precise measurements could be made
in automatic measurement by properly installing the acoustic camera and then using
appropriate measurement programs. When two acoustic cameras were simultaneously used, it
was possible to stereoscopically figure out shapes of swimming fishes and measure more
precise total length and fork length.
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2. Introduction

Recently developed acoustic camera can observe objectives with ultrasonic sound without
depending on illuminance and transparency in water, therefore, begins to be used as
approaches to count fishes running upstream in river and measure body length, and
investigate behaviour and distribution of marine animals. In tuna farm, it is also expected to
apply measurement technique for fish body length using acoustic camera. However, as
appropriate equipment installing method in pontoon and observing method were not
established, it was difficult to precisely measure body length. Further, as appropriate program
was not also developed, it was difficult to derive objective and reliable values in automatic
measurement. Therefore, this experiment aims to derive precise body length by properly
installing acoustic camera in pontoon and taking images, further using manual measurement
method and newly developed automatic measurement method.
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3. Materials and Methods

3.1. Overview of acoustic camera
The acoustic cameras used in this experiment are DIDSON (Dual-frequency IDentification
SONar, Standard type, Size: 20 cm by 17 cm by 30 cm) (Fig. 1). The DIDSON can use
ultrasonic sounds of 1.1 MHz and 1.8 MHz individually. This experiment was intended for
precise body length measurement, therefore, used 1.8 MHz which can obtain high definition
images. At 1.8 MHz, 96 ultrasonic sound beams of width 0.3 degree were horizontally
transmitted in parallel, and the field of view on image display surface (horizontal surface) was
29 degree. The resolution was approximately 3 cm at a distance 5 m from the DIDSON. The
effective view angle in a direction perpendicular to the image display surface (horizontal
surface) was approximately 14 degree, and there’s no resolution in this direction.
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3.2. Experiment site
The experiment was conducted at the marine facility in Goto station, National Center for
Stock Enhancement, Fisheries Research Agency (Goto-City in Nagasaki-Prefecture). The
experiment used a facility in which two square pontoons (size: 5 m by 5 m) were connected
(Fig. 2). The two pontoons were connected at a position of approximately 3 m deep by two
square transfer gates (size: 1 m by 1 m).
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3.3. Installation of acoustic camera for measurement of body length
The acoustic camera (DIDSON_A, Horizontal) used for measurement of fish body length was
directly installed to the transfer gate using an iron pole (length: 4.3 m, diameter: 28 mm) in
order to prevent the transfer gate from deviating out of the observing range or prevent image
from shaking due to change in relative position of the transfer gate and acoustic camera by
influence of waves or swells (Fig. 3). The DIDSON_A was fixed at the same depth as that of
the transfer gate, and the observing surface was directed in horizontal direction, then fishes
passing through the transfer gate were observed from the side (Fig. 2). Time required to
install the DIDSON_A was approximately ten minutes by an operation of one diver and two
assistants on the sea. The removal took approximately five minutes by the same three parsons.
The acoustic camera connected to a laptop PC and DC12 V battery on a boat through an
underwater cable (via AC100V inverter), and the image data were recorded in a PC built-in
HDD.
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3.4. Observation of swimming posture and tail shape



There is a concern that an acoustic camera of which observing surface is directed in
horizontal direction measures body length to be excessively small when fish inclines in
vertical direction and swims. In addition, image of fish body is recorded as an image of shape
viewed on horizontal surface, therefore, tail shape cannot be visually recognized. Thus, in a
part of the observation, observation of swimming posture and tail shape of fish was attempted
by simultaneously using the DIDSON_A and the other one acoustic camera (DIDSON_B,
Vertical). The DIDSON_B was installed to the outer frame of the pontoon using an iron pole
(length: 2.5 m, diameter: 28 mm) (Fig. 2). The DIDSON_B was fixed at the nearly same
depth as that of the transfer gate, and the observing surface was directed in vertical direction,
then fishes passing through the transfer gate were observed from the front (Fig. 2).
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3.5. Sample fish
Total 18 Yellowtail, Seriola quinqueradiata, (Total length: 75.0 to 90.0 cm, Folk length: 69.0
to 84.0 cm) whose body lengths were directly measured in advance were repeatedly moved
from one pontoon to the other pontoon, and fishes passing through the transfer gate were
observed with the acoustic camera during this period. Respectively colour coded ID tags
(width: 3 cm, length: approximately 50 cm) were attached on tails of 9 fishes among the 18
fishes, and the individuals were observed by using an underwater camera (Sony, HC3)
installed in the pontoon and simultaneously observing with the acoustic camera. The ID tags
were connected with thin strings with a space between caudal fin and the ID tag of
approximately 50 cm kept so that the ID tags can be easily distinguished from caudal fin with
image of the acoustic camera (Fig. 4).
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3.6. Date and time of experiment
The experiment was conducted from July 1 to July 2, 2008. The observed time is shown in
Table 1. Total four transfers were completed. Further, some observations only for
measurement of body length per individual were made through identifying the ID tags. In
some of the observations, two of the DIDSON_A and DIDSON_B were simultaneously used.

Table 1. Transfer numbers and observed time by the DIDSON measurements.

Transfer Date Transfer Gate DIDSON_A DIDSON_B
number Open Close (Horizontal) (Vertical)

T1 7/1 13:49:45 13:51:15 O

T2 7/2 10:56:00 11:01:35 O -
T3 7/2  13:11:48 13:17:10 O O
T4 712 14:17:30 14:22:40 (@) @)
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3.7. How to measure body length
After all observations were completed, body lengths per individual were measured using
manual and automated measurement methods.
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3.7.1. Manual measurement
“Mark Fish” tool installed in the data processing software (DIDSON Control and Display ver.
5.14) only for DIDSON was used for manual measurement. Fishes recorded by the
DIDSON_A are projected on a monitor as images swimming on a horizontal surface. Total
length of fish is measured by tracing these images with mouse cursor (Fig. 5). Total length
can be measured even if fish body is laterally bent, therefore, it is unnecessary to measure by
selecting a frame in which fish body is linearly stretched out. However, it is possible that
body length is displayed to be excessively smaller than the real body length if fish body is
inclined in vertical direction, not in horizontal direction. In order to decrease this error, as
many measurements as possible were repeated while the same individual is displayed on the
monitor, and the largest measured value was applied as a total length of the individual. Two
independent observers (Technician A, Technician B) made measurements, and time required
for measurement was approximately 8 hours per one transfer.
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3.7.2. Automated measurement
An automatic measurement program for fish body length is installed in DIDSON Control and
Display ver. 5.14. But it is not a dedicated program to measure body length of fish moving
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between the pontoons, therefore, noise increases and erroneous detection increases when
acoustic camera, transfer gate and net shake by influence of waves or swells, then accurate
measurement becomes difficult. Thus, we have newly developed an automatic measurement
program especially for measuring body length of fish moving between the pontoons (Fig. 6).
This program detects image of fish body based on arbitrarily set threshold, moving direction
and shape of objective fish, and automatically measures body length. This program can
remove any object other than objective fish which shakes from images, and is excellent in
removing fine noise in images. Similarly to the manual measurement, total length of fish
recorded by the DIDSON_A was measured using this automatic measurement program. Time
required for analysis was approximately one hour per one transfer (using general Windows
PC).
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3.7.3. Correction of total length by swimming posture and measurement of
fork length
The DIDSON_A displays images on horizontal surface, therefore, cannot visually recognize
side shape of caudal portion. Accordingly, the measured body length is total length not fork
length. On the other hand, the DIDSON_B can display passing fish as a shape viewed from
the side. Thus, in some observations, swimming angle (inclination in vertical direction) of
fishes were measured individually on image of the DIDSON_B, and at the same time, total
length of the individuals observed by the DIDSON_A were attempt to be corrected (Fig. 7).
And, since the DIDSON_B can also visually recognize tail shape (Fig. 7), fork length of
fishes were attempted to be measured individually by multiplying total length corrected based
on swimming angle by ratio of apparent total length and fork length obtained by the
DIDSON_B.

4. FER
41. N7 URT 7 —EOERMR

Table2 BLO'Fig. 812K T v A7 7 —TrHll&an/-ADOLEEEZRT, ZZ TR
LB AT CRHINLE 2RI, FT YR Ty —5— b &I @ (T 0%
DB AT BB LI AR ~BE) IR0 ERORTH 5, I &
DEEZE LR R LR H -T2 &b, EEROMEEZEE LR L
LabaEND,

BRI UAT 7 —ICBWTFEEHIFE T SN 2R OEHED, FEEo2
FOYEHE S DL, Technician A T, -2.1~0.3 cm (‘4= -0.6 cm, S.D. = 1.0 cm),
Technician B C, -3.0~-1.7cm (*¥=-2.1cm,S.D.=0.6cm) Th -7z, HEWEFHHIFIE
TH SN BREOVED, EEEOREOWVMEN S DT, -2.4~2.8cm (K=
-0.4cm,S.D.=23cm) Th o7z, FEIFHH & BEIFHIIOERICKAEIT R o T2,

4. Results
4.1. Composition of total length per transfer
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Table 2 and Fig. 8 show total length of fish measured in each transfer. Total length measured
by the acoustic camera shown here are only total length of individual which passed through
the transfer gate in forward direction (moving from a pontoon to the other pontoon in which
the acoustic camera was installed). There were some fishes which passed in forward and
reverse directions, and then some individuals were repeatedly measured.

Difference between mean total length measured by manual measurement in each transfer and
mean value of the actual total length was -2.1 to 0.3 cm (Mean = -0.6 cm, S.D. = 1.0 cm) by
Technician A, and -3.0 to -1.7 cm (Mean = -2.1 cm, S.D. = 0.6 cm) by Technician B.
Difference between mean value of total length measured by automated measurement and
mean value of actual total length was -2.4 to 2.8 cm (Mean = -0.4 cm, S.D. = 2.3 cm). There
was not much difference between the results of manual measurement and automated
measurement.

Table 2. Mean (£S.D.), minimum and maximum Total length measurements per transfer.
Manual measurements (Technician A, Technician B) and Automated measurements.
Transfer  Actual total length Manual measurements Automated measurements

number Technisian A Technisian B
Mean +S.D. Min. Max. Mean #S.D. Min. Max. Mean +S.D. Min. Max. Mean #S.D. Min. Max.
(cm) (cm) (m) (cm) (cm) (cm) (cm) (cm)  (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
T1 831 40 750 90.0 851 6.6 726 955 852 48 775 948 855 53 789 944
T2 831 40 750 90.0 828 55 700 935 848 48 695 924 847 43 749 920
T3 831 40 750 90.0 831 55 726 940 847 44 741 930 833 46 740 909
T4 831 40 750 90.0 836 6.3 582 986 86.1 44 756 95.3 80.3 47 723 89.7
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4.2. Comparison of total length per individual
For individuals which could be identified by image from underwater video camera and on
which attaching the ID tag on fish could be simultaneously confirmed by manual
measurement and automated measurement of the acoustic camera, the measured total length
was compared with the actual total length (Table 3, Fig. 9). Difference between total length of
each individual measured by the acoustic camera and the actual total length was -7.8 to -0.2
cm (Mean =-5.2 cm, S.D. = 3.4 cm) by Technician A, and -7.8 to 3.2 cm (Mean =-1.8 cm,
S.D. = 3.7 cm) by Technician B, and in automated measurement, -0.9 to 5.9 cm (Mean =-1.3
cm, S.D. = 4.0 cm). There was not much difference between the results of manual
measurement and automated measurement.



Table 3. Measured total length in the same individuals. Actual total length, Manual
measurements, Automated measurements.

Actual Manual Automated
Transfer Individual total length measurements measurements
number  number Technisian A Technisian B
(cm) (cm) (cm) (cm)
T3 ID4 88.0 93.0 - 88.6
T3 ID3 82.0 83.8 - 87.5
T6 1D8 85.2 92.1 86.0 87.9
T6 ID3 82.0 91.9 - 88.2
T6 1D3 82.0 - 84.3 88.0
T6 D5 90.0 - 87.5 87.9
T7 1D7 80.0 80.2 83.3 84.3
T7 1D8 85.2 93.0 93.0 86.1
T11 ID3 82.0 - 82.8 79.8
T11 ID9 87.0 - 83.8 81.1
T11 ID8 85.2 89.9 90.4 83.6
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4.3. Total length corrected by swimming angle and fork length derived by
calculation
Fishes which could be simultaneously observed by the DIDSON_A and DIDSON_B and
could be identified by the underwater video camera were selected individually, and total
length corrected by swimming angle and fork length derived by calculation were compared
with the actual body length. Difference between the corrected total length and the actual total
length was -3.1 to 2.3 cm (Mean = -0.4 cm, S.D. = 1.5 cm). Difference between the fork
length derived by calculation and the actual fork length was -2.7 to 2.9 cm (Mean = -0.1 cm,
S.D. = 1.7 cm). There was not much difference between the fork length derived by
calculation and the actual fork length (Fig. 10).

5. BV IZ

— R BEETEX TG TE X LA E MRV 00, FHINCH %
TRV ) 2T, WEEIZL DN T ANRPIPERWEWIRIEND D, RKEBRIZ
LV, BEHNATE@EUNHKELT, @URFNTe 77 52052 LT, BE)
R FEO RS B A FE I OREEIZ) 7 DTS 2 ENbhot-, 2771, K
EEBRCTHWEZHEGF 0 7 Z 2%, FEBEEERETHDLDT, —EICTFEEX%E
F4 5, BUE, FHIICET 2RO L2 B E L Cxaez B, L0 B
HHZFRE L T 572D 71 7T AOWBNHED LN TW5,

F77, 2BDEEN AT HRICHNZ 3D EHNC LY, & OICEMARERHIIN
AEETHDH Z L bonsiiz, BUfE, 3D EFHANETFEFHHOAICLIV AIEETH H A, B
BEH T2 7T AORBELED LN TS End, S%OFANRBEGEINS
(Fig.11),



AREBRO I I, FBIATHE NT VAT 7 —4— MIEFER AT D L]
BETHIE, BE LGRS ENTED, B, AEBRTHU /- DIDSON X
ENE T OB A1TK 14° THH7=DT, @I 1mdD T2 AT 7 —7— R
FFIZ A D T=DIZITR 4m ORBEN M ECThH -7z, 7272 L, DIDSON OFE 4 % 2
R IR B R L RS 2008 SR HT 721236 72 & Uiz 72 b (www.soundmetrics.com),
A1%IZDIDSON 220 b7 A7 7 —4— N E TORZ o Icfin 5 2 & B AEET
5D,

5. Conclusion

In general, automated measurement has lower accuracy than manual measurement, however,
does not require labor for measurement, and further has an advantage that there is no bias by
measurer. This experiment showed that measurement accuracy of automated measurement is
brought closer to accuracy of manual measurement by properly installing acoustic camera and
using proper measurement program. However, since the automated measurement program
used in this experiment is still in the process of development, it partly requires manual
operation. At present, the program is being improved in order to allow complete automation
and more accurate measurement for the purpose of reduction in time required for
measurement.

It has been shown that more accurate body length measurement is allowed by 3D
measurement simultaneously using two acoustic cameras. 3D measurement is presently
allowed by manual measurement only, however, automatic measurement program is also
being developed, and then it is expected to be used in the future (Fig. 11).

If it is possible to directly install acoustic camera to transfer gate as shown in this
experiment, stable images can be obtained. Meanwhile, the DIDSON used in this
experiment had field of view of approximately 14 degree in vertical direction,
therefore, a distance of approximately 4 m was required in order that the transfer gate
of 1 m high was within the observing range. However, a wide-angle lens which
broadens the field of view for the DIDSON to two times was newly sold in 2008
(www. soundmetrics. com), therefore, it will be also possible to reduce the distance
from the DIDSON to the transfer gate by half.



Figures

Fig. 1. Acoustic camera “DIDSON”
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Fig. 2. Fixture of the DIDSON system in the pontoon. Left: Plane view, Right: Side view.
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Fig. 4. ID tag attached on caudal fin of the fish.
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Fig. 5. Manual measurement of a YELLOWTAIL from sonar footage using DIDSON Control
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Fig. 6. Image of the automatic YELLOWTAIL measurements process by new automatic
analysis program (DIDSON_A, Horizontal).

12



Fig. 7. Image of the same individual fish recorded by DIDSON_A (horizontal) and
DIDSON_B (vertical) at the same time.
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Fig. 8. Total length frequency histograms of fishes measured by manual measurements
(Technician A and B) and automated measurements. X-axis: Total length (cm, 5 cm length
classes), Y-axis: frequency (by percentage).
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Fig. 9. Measured total length in the same individuals. Actual total length, Manual
measurements, Automated measurements.
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Fig.10. Left graph: Correlation between the actual total length and the total length of before
corrected (black crosses), after corrected (blue circles). Right graph: Correlation between the
actual fork length and the calculated fork length (green circles).
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Fig.11. The image of new 3D analysis program which is under development. Two movie files
are observed simultaneously, and composed 3D animation automatically.
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