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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure mainly relates to a fish counting device which counts fish
moving between two fishtanks.

BACKGROUND ART

[0002] When cultivating fish, using a net-type fishtank is the main stream. By this method, a
net is suspended underwater and fish are raised within a space formed inside the net.

[0003] In the cultivation using the fishtank, if the number of cultivating fish accommodated in
one fishtank is too many, fish is exposed to stress, leading to illness etc. On the other hand, if
the number of cultivating fish is too little, a profit cannot be gained. Therefore, it is very
important for a culture entrepreneur to keep the accommodation density of fish inside the
fishtank suitable.

[0004] In order to adjust the accommodation density, the fish raised in one fishtank is
conventionally divided into a plurality of fishtanks or thinned out. At this time, in order to realize
the intended accommodation density, it is demanded that fish coming into the fishtank or fish
coming out from the fishtank is counted accurately.

[0005] In this regard, as disclosed in Patent Documents 1-4 and Nonpatent Documents 1 and
2, various technologies for counting fish etc. are proposed.

[0006] Patent Document 1 discloses a counting device of live fish. In this counting device of
live fish, a count frame body is disposed at the centre of a collecting net which is disposed so
as to divide the fishtank vertically. The counting device is configured to count the number of live
fish which passes through the count frame from above to below by bringing the count frame
toward an upper surface from the bottom of the fishtank. The count frame body is configured in
a lattice shape and can detect the live fish passing through each gap by a counting sensor.
The counting sensor is comprised of a plurality of arrayed light signal emitting parts and light
signal sensing parts.

[0007] Patent Document 2 discloses a live fish counting device inside a fishtank. In this live fish
counting device, a passage through which fish can pass only one by one at a time is comprised
of a guide member. Fish which passes through this passage is detected one by one at a time
by acquiring an acoustic wave which is a reflection of an acoustic wave transmitted from an
ultrasonic sensor on the fish. The ultrasonic sensor is oriented downwardly so that the acoustic
wave hits the guide member.
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[0008] Patent Document 3 discloses a method of measuring a fish count using an ultrasonic
wave. By this method of measuring the fish count, ultrasonic sensors are arrayed in the depth
direction in a regular course for fish along which fish moves. The ultrasonic sensors discharge
the ultrasonic waves in the width direction of the regular course for fish. A two-dimensional
ultrasonic image is created based on the detection results of the respective ultrasonic sensors,
and the number of fish is counted based on the geometric feature of the signs of fish which
appear in the image.

[0009] Patent Document 4 discloses a feed monitoring device for an aquatic life. In this feed
monitoring device, a sonar which carries out a rotary scan in a horizontal plane is installed
below a fishtank, and it is configured to count food which fell from the fishtank without being
eaten by fish in the fishtank by tracking an echo.

[0010] Nonpatent Document 1 discloses an acoustic method of automatically counting fish
culture by using an underwater detection device of DIDSON which is a kind of sonar. DIDSON
is directed substantially horizontally to a channel along which fish moves when moving
between two fishtanks. Tracking is suitably performed for an echo of detected fish, and when
the tracking echo disappears, it counts as one fish.

[0011] Nonpatent Document 2 discloses a method of acoustically counting sweetfish which
swims a river by using DIDSON. DIDSON is installed so as to detect a horizontal image of the
river. Tracking of an echo is performed so that sweetfish which goes to upstream of the river
can be detected in distinction from a leaf which falls into the river and moves to downstream.
When the tracking echo disappears, it is counted as one fish.

[Reference Documents of Conventional Art]

[Patent Documents]

[0012]

Patent Document 1: JP2011-188806A
Patent Document 2: JP3747308B2
Patent Document 3: JP2589046B2

Patent Document 4: US6317385B1

[Nonpatent Documents]
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[0013]

Nonpatent Document 1:Han J., Asada A., Honda N. et al., Fisheries Science 75, p.p.1359-1367
(2009)

Nonpatent Document 2: Han J., Asada A., Mizoguchi M., Journal of the Marine Acoustics
Society of Japan, 36(4), p.p.250-257 (2009)

[0014] JP HO2 51088 A discloses a static capacity type fish pump equipped with a transmitter
to transmit a propagating energy wave to a closed tank and a receiver to receive the
propagating energy wave transmitted. An amount of fish sucked into the closed tank can be
measured from the level of the propagating energy wave received with the reception sensor.

[0015] However, it is difficult for any of the configurations of the conventional arts to distinguish
the echo of fish from the echo of the passage detected using the ultrasonic wave, and
therefore, there is room for an improvement because the counting result contains error, and
because it cannot be realized by a simple configuration.

[0016] The present disclosure is made in view of the above situation, and one purpose thereof
is to realize a fish counting device which can simply count fish at low cost.

Summary

[0017] According to one aspect of the present invention there is provided a fish counting
system as defined in claim 1.

[0018] The processor outputs to the ultrasonic transducer a transmission signal to drive the
ultrasonic transducer, and acquire a number of fish passing through the ultrasonic beam and
moving from the path to the first fishtank based on an echo signal inputted from the ultrasonic
transducer that received a reflection wave.

[0019] According to this, the number of fish which moves from the second fishtank to the first
fishtank via the path can be measured with a simple configuration, without being influenced by
a net etc. constituting the path.

[0020] In the fish counting device described above, the ultrasonic beam is preferably a fan
beam having a fan shape that spreads in a width direction of an opening that connects the

path to the first fishtank as the ultrasonic beam moves away from the ultrasonic transducer.

[0021] According to this, the ultrasonic beam for measuring the fish count can be disposed so
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as to cover the opening with the simple configuration.

[0022] In the fish counting device described above, the fan beam is preferably disposed
substantially parallel to the opening.

[0023] According to this, by disposing the fan beam close enough to the opening, it is possible
to prevent an omission in detection in which the fish passing through the opening and moving
to the first fishtank is not captured by the fan beam.

[0024] In the fish counting device described above, a directivity of the fan beam is preferably
changeable according to a species of the fish.

[0025] According to this, by changing the directivity of the fan beam according to the species of
the fish, etc. the number of fish can be accurately measured in various situations.

[0026] In the fish counting device described above, the processor tracks an echo, counts the
tracked echoes moving deeper as time passes, and acquires the number of fish moving from
the path to the first fishtank based on the counted tracked echoes.

[0027] According to this, the number of fish that move from the second fishtank to the first
fishtank can be accurately measured while being distinguished from fish staying at a bottom of
the first fishtank.

[0028] In the fish counting device described above, the processor preferably counts the
tracked echoes whose moving speed in a depth direction satisfies a given condition.

[0029] According to this, the fish that move to the first fishtank and dive obliquely can be
counted appropriately.

[0030] In the fish counting device described above, the processor preferably counts the
tracked echoes whose change in echo intensity satisfies a given condition.

[0031] According to this, since the intensity of the echo derived from the same fish does not
significantly change while tracking, the fish can be appropriately counted.

[0032] In the fish counting device described above, the processor preferably counts echoes
based on the echo signal, corrects the counted echoes, and acquires the number of fish that
moves from the path to the first fishtank based on the corrected counted echoes.

[0033] According to this, since the correction can be performed in consideration of the
omission in the count, for example, caused by a plurality of fish simultaneously passing through

the ultrasonic beam, a fall of the measurement accuracy can be prevented appropriately.

[0034] In the fish counting device described above, the ultrasonic transducer is preferably a
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single ultrasonic transducer.
[0035] According to this, the simple configuration of the fish counting device can be realized.
[0036] A fish counting system including the fish counting device and the path is provided.

[0037] According to this, the number of fish which move from the second fishtank to the first
fishtank via the path can be measured with the simple configuration, without being influenced
by the net etc. constituting the path.

[0038] In the fish counting system described above, the path is formed by connecting an
opening of the first fishtank with an opening of the second fishtank directly or through a tunnel.

[0039] According to this, the pass through which the fish passes can be realized reasonably.

[0040] In the fish counting system described above, a cross-section of a plane cutting
perpendicularly a passing direction of the fish at a location where the path becomes the
narrowest preferably has a size through which a plurality of fish is able to pass simultaneously.

[0041] According to this, the fish can be moved from the second fishtank to the first fishtank in
a short time, while the number of fish is counted.

[0042] In the fish counting system described above, a bottom of the first fishtank is preferably
located deeper than a deepest part of an opening that connects the path to the first fishtank.

[0043] The fish, depending on the species, dives toward the bottom of the first fishtank, after
moving from the second fishtank to the first fishtank. By the bottom of the first fishtank being
located lower than the opening, the counted fish which once moved to the first fishtank does
not easily approach the opening, and therefore, a false count can be prevented.

[0044] According to another aspect of the present invention there is provided a method of
counting fish as defined in claim 12.

[0045] According to this, the number of fish which moves from the second fishtank to the first
fishtank via the path can be counted with a simple configuration, without being influenced by a
net etc. constituting the path.

BRIEF DESCRIPTION OF DRAWINGS

[0046]

Fig. 1 is a perspective view illustrating the entire configuration of a fish counting system
including a fish counting device according to one embodiment of the present disclosure.
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Fig. 2 is a schematic cross-sectional view illustrating a configuration of the fish counting
system.

Fig. 3 is a block diagram illustrating an electric configuration of the fish counting device.
Fig. 4 is an echogram illustrating an echo acquired by an ultrasonic transducer.

Fig. 5 is an enlarged echogram illustrating an area enclosed with white lines in the echogram
of Fig. 4.

MODE FOR CARRYING OUT THE DISCLOSURE

[0047] Next, one embodiment of the present disclosure is described with reference to the
drawings. Fig. 1 is a perspective view illustrating the entire configuration of a fish counting
system 10 containing a fish counting device 1 according to one embodiment of the present
disclosure. Fig. 2 is a schematic cross-sectional view illustrating a configuration of the fish
counting system 10.

[0048] The fish counting system 10 of this embodiment illustrated in Fig. 1 is used by an
aquaculturist who cultivates fish using a first fishtank 11 and a second fishtank 12.

[0049] As illustrated in Fig. 1, the first fishtank 11 and the second fishtank 12 is installed on the
sea surface. A narrow path 13 is formed between the first fishtank 11 and the second fishtank
12.

[0050] Each of the first fishtank 11 and the second fishtank 12 is configured as a net-type
fishtank, and is provided with a frame 61, floats 62, and a net 63.

[0051] The frame 61 is formed so as to be a loop configuration in a plan view. A plurality of
floats 62 is attached to the frame 61, and, thereby, the frame 61 can float on the water surface.
The frame 61 is connected to weights at a sea bed through ropes for mooring which are not
illustrated.

[0052] An upper end of the net 63 is fixed to the frame 61. The net 63 is suspended so as to
divide underwater to form a closed space, and fish is bred in this space (also referred to as the
"breeding space").

[0053] In the first fishtank 11, a pier 64 where various works related to cultivation are
performed is fixed onto the frame 61. Moreover, a horizontal partition net 65 is disposed at an
intermediate part of the net 63 of the first fishtank 11 in the height direction so that it vertically
divides the space surrounded by the net 63. Therefore, in the first fishtank 11, the partition net
65 becomes substantially the bottom of the first fishtank 11.
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[0054] The first fishtank 11 and the second fishtank 12 are disposed close to each other. A
rectangular recess 68 which opens upwardly is formed in an upper edge part of the net 63 of
the first fishtank 11, and a recess 69 of the same shape is formed in an upper edge part of the
net 63 of the second fishtank 12. Two recesses 68 and 69 are disposed so as to oppose to
each other.

[0055] Between the first fishtank 11 and the second fishtank 12, a connection net 67 which
opens upwardly is disposed so as to connect the two recesses 68 and 69. Therefore, a path 13
through which fish can pass is formed so as to connect the first fishtank 11 with the second
fishtank 12.

[0056] Although the upper part of the connection net 67 is opened as described above, since
the upper part is the water surface, fish cannot move upward. Therefore, the path formed in
the connection net 67 has a substantially tunnel shape. Note that a connection net having a
configuration in which the upper part is not opened may also be used.

[0057] A passage restriction frame 70 is attached to the recess 68 formed in the net 63 of the
first fishtank 11. This passage restriction frame 70 is configured in a frame shape which is
narrow and elongated in the vertical direction by using bar-shaped metal etc. The width of the
passage restriction frame 70 coincides with the width of the recess 68. An upper part of the
passage restriction frame 70 is fixed to the frame 61 of the first fishtank 11.

[0058] As illustrated in Figs. 1 and 2, a rectangular opening frame 71 is formed in a lower part
of the passage restriction frame 70. This opening frame 71 is formed in, for example, a square
with 1m in height and 1m in width, and is disposed at a lowermost part of the recess 68. An
opening through which fish can pass is formed in the opening frame 71, and the path 13
described above is connected with the first fishtank 11 through this opening.

[0059] As illustrated in Fig. 2, among a part of the passage restriction frame 70 which is
submerged underwater, a prevention net 72 which prevents passage of fish is attached to
parts other than the opening frame 71. Therefore, fish which passed the path 13 from the
second fishtank 12 cannot move to the first fishtank 11, unless it passes through the opening of
the opening frame 71. The opening inside the opening frame 71 is the narrowest part of the
path 13.

[0060] The fish counting system 10 of this embodiment is provided with the fish counting
device 1, in addition to the path 13. The fish counting device 1 is provided with an ultrasonic
transducer 2 which can transmit an ultrasonic beam 9 underwater in the first fishtank 11. As
illustrated in Fig. 2, the ultrasonic transducer 2 is attached to a lower end part of a bar-like jig
81 fixed to the pier 64 so as to face downwardly.

[0061] The ultrasonic transducer 2 is provided with a transducer element (not illustrated), and
this transducer element is configured to transmit the ultrasonic beam 9 underwater in the first
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fishtank 11.

[0062] In this embodiment, the ultrasonic beam 9 is a fan beam, and its transmitting direction
is substantially oriented downwardly in the vertical direction. Moreover, the ultrasonic
transducer 2 is disposed with a certain amount of gap from the net 63 where the opening
frame 71 is disposed in the first fishtank 11. Therefore, the ultrasonic beam 9 transmitted from
the ultrasonic transducer 2 will neither hit the net 63 disposed at the side surface of the first
fishtank 11, nor the connection net 67 or the passage restriction frame 70.

[0063] The ultrasonic beam 9 has a shape with a wide directivity in a direction parallel to the
width direction of the opening plane formed in the opening frame 71, and a narrow directivity in
a direction perpendicular to the opening plane. As a result, as illustrated in Fig. 1, a fan-shaped
substantially plate-shaped beam is formed, and this fan shape opposes the opening plane of
the opening frame 71 with a certain amount of interval. The fan shape of the ultrasonic beam 9
is a shape which spreads in the width direction of the opening of the opening frame 71 as it
moves away from the ultrasonic transducer 2. Moreover, this fan shape is disposed
substantially parallel to the opening plane of the opening frame 71.

[0064] The directivity of the ultrasonic beam 9 in a direction parallel to the width direction of the
opening plane of the opening frame 71 is set wide enough so that it becomes 30° or more at a
3dB beam width. Moreover, the opening frame 71 through which fish can pass is disposed well
below the ultrasonic transducer 2. Therefore, the fan shape of the ultrasonic beam 9
substantially overlaps with the entire opening plane, when seen in a direction perpendicular to
the opening plane. Moreover, the ultrasonic beam 9 is formed close enough to the opening
formed in the opening frame 71. Therefore, almost all the fish which passes through the
opening frame 71 and enters into the first fishtank 11 can be detected by the ultrasonic
transducer 2.

[0065] Next, a configuration of the fish counting device 1 provided to the fish counting system
10 is described in detail with reference to Fig. 3 etc. Fig. 3 is a block diagram illustrating an
electric configuration of the fish counting device 1.

[0066] As illustrated in Fig. 3, the fish counting device 1 includes an ultrasonic transducer 2, a
transmitter/receiver 3, a processor 4, a display unit 5, and a battery 6.

[0067] The transmitter/receiver 3, the processor 4, the display unit 5, and the battery 6 among
the configuration of the fish counting device 1 are accommodated inside a casing 15 installed
on the pier 64. Note that, in Figs. 1 and 2, only the processor 4 among the configuration inside
the casing 15 is schematically illustrated.

[0068] The ultrasonic transducer 2 is provided with one or more transducer elements (not
illustrated) belonging to a single channel. This transducer element converts into an ultrasonic
wave an electrical signal inputted from the transmitter/receiver 3 into the ultrasonic transducer
2, and transmit the ultrasonic wave in the fan-beam shape underwater in the first fishtank 11.
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Moreover, the transducer element receives a reflection wave of the transmitted ultrasonic wave
reflected on fish, and convert it into an echo signal which is an electrical signal. The ultrasonic
transducer 2 outputs the generated echo signal to the transmitter/receiver 3.

[0069] The transmitter/receiver 3 outputs a transmission signal which is an electrical signal for
causing the ultrasonic transducer 2 to transmit the ultrasonic wave. Moreover, the
transmitter/receiver 3 accepts an input of the echo signal received from the ultrasonic
transducer 2, generate a reception signal by performing processing such as digitization, and
output it to the processor 4. Therefore, the reception signal outputted from the
transmitter/receiver 3 is a digitized echo signal.

[0070] The processor 4 outputs the transmission signal to the transmitter/receiver 3 to control
the transmission of the ultrasonic wave from the ultrasonic transducer 2. Moreover, the
processor 4 acquires the number of fish (fish count) which pass through the ultrasonic beam 9
in real time when the fish enters into the first fishtank 11 through the path 13 from the second
fishtank 12 based on the reception signal inputted from the transmitter/receiver 3 (i.e., the
echo signal inputted from the ultrasonic transducer 2 via the transmitter/receiver 3). The
acquired number of fish is outputted to the display unit 5. Note that the detailed configuration of
the processor 4 will be described later.

[0071] The display unit 5 is configured, for example, as a liquid crystal display, and displays in
real time the number of fish counted by the processor 4.

[0072] The battery 6 supplies electric power to the transmitter/receiver 3, the processor 4, the
display unit 5, etc. The battery 6 is configured to be chargeable, and when it becomes empty, it
can be replaced by another charged battery.

[0073] Next, a configuration of the processor 4 is described in detail. As illustrated in Fig. 3, the
processor 4 includes a transmission/reception controlling module 41, an echo acquiring
module 42, a time-axis amplitude correcting module 43, a peak detecting module 44, an echo
tracking module 45, and a counting module 46.

[0074] Specifically, the processor 4 is configured as a known computer, and is comprised of a
CPU, a ROM, and a RAM. The ROM stores beforehand a program for implementing a method
of measuring the fish count of the present disclosure. By collaboration of the hardware and the
software, the processor 4 can operate as the transmission/reception controlling module 41, the
echo acquiring module 42, the time-axis amplitude correcting module 43, the peak detecting
module 44, the echo tracking module 45, the counting module 46, etc.

[0075] The transmission/reception controlling module 41 transmits a suitable command signal
to the transmitter/receiver 3 to control the ultrasonic transducer 2 to repeatedly transmit the
ultrasonic wave at a fixed time interval and receive a reflection wave between transmissions.
Each transmission of the ultrasonic wave is referred to as "ping," and the transmission cycle of
the ultrasonic wave is referred to as a "ping rate." The ping rate is, for example, 50
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milliseconds.

[0076] The echo acquiring module 42 acquires the reception signal (hereinafter, referred to as
"echo data") inputted from the transmitter/receiver 3 for every ping. The echo acquiring module
42 outputs the obtained echo data to the time-axis amplitude correcting module 43.

[0077] The time-axis amplitude correcting module 43 performs a time-axis amplitude
correction to the echo data acquired from the echo acquiring module 42. Since this correction
is well known, the detailed description is omitted, but it is a correction in which the sensitivity is
varied with progress of time from the transmission timing of the ultrasonic wave in order to
correct a difference in the intensity of the reflection echo at a shallow water location and a
deep water location. The time-axis amplitude correcting module 43 outputs the corrected echo
data to the peak detecting module 44.

[0078] The peak detecting module 44 performs envelope processing to the echo data inputted
from the time-axis amplitude correcting module 43, and detects an envelope having a peak
larger than a given peak value as an echo peak with a high possibility of being a fish. The peak
detecting module 44 outputs the intensity of the echo signal and the position in the depth
direction of a source of the echo to the echo tracking module 45 for every detected echo peak.
Note that, if the depth of the echo source greatly deviates from a depth range of the opening
formed in the opening frame 71 (in detail, if the depth is too shallow or too deep), it is excluded
from the candidates of which information is outputted to the echo tracking module 45.

[0079] The echo tracking module 45 tracks the echo peak based on the information on the
echo peak inputted from the peak detecting module 44. In the following description, the echo of
which the echo peak is tracked in this way is referred to as the "tracked echo." This echo
tracking module 45 includes a depth comparing module 51, an echo intensity comparing
module 52, and a combination selecting module 53.

[0080] The depth comparing module 51 compares the depths of the echo source between the
echo peak detected by the last ping and the echo peak detected by the current ping.

[0081] This is based on the knowledge acquired from the past researches of the present
inventor that, for at least a particular fish species (e.g., red sea bream), as illustrated by an
arrow in Fig. 2, the fish has a habit of diving obliquely toward the bottom immediately after the
fish passes through the opening frame 71. The present inventor measured a diving speed of
the fish in the depth direction, and most measurements fall within a range of 0.2m/s or faster
and 1.2m/s or slower.

[0082] The echo intensity comparing module 52 of Fig. 3 compares the echo intensities
between the echo peak detected by the last ping and the echo peak detected by the current

ping.

[0083] The combination selecting module 53 selects, based on the results of comparison by
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the depth comparing module 51 and the echo intensity comparing module 52, a combination of
the echo peak of the last ping and the echo peak of the current ping in which the depth of the
echo source is increasing at a rate of 0.2 m/s or faster and 1.2m/s or slower, and further, the
echo intensity does not greatly change between the pings. According to this combination, the
echo peak of the last ping and the echo peak of the current ping are associated with each
other, as they are pings from the same echo source (i.e., the same fish).

[0084] The echo tracking module 45 repeats the above processing each time the information
on the echo peak is newly inputted from the peak detecting module 44. Therefore, the echo
peak with the high possibility of being fish can be tracked continuously. The echo tracking
module 45 generates tracking information on the tracked echo peak, and output it to the
counting module 46.

[0085] The counting module 46 counts echo peaks that have been tracked and that satisfy a
given condition (e.g., the echo peaks for which the tracking is continued for more than a given
number of pings) based on the tracking information inputted from the echo tracking module 45.
Note that, echoes whose moving speed in the depth direction do not satisfy the condition, and
echoes whose change in the echo intensity do not satisfy the condition are not counted since
the tracking is substantially stopped. Thus, the counting module 46 counts only the tracked
echoes which satisfy the given conditions of the moving speed in the depth direction and the
change in the echo intensity to improve the measurement accuracy. The counting module 46
outputs in real time the current number of fish to the display unit 5.

[0086] Next, an actual counting work using the fish counting system 10 of this embodiment is
described. Figs. 4 and 5 are echograms illustrating one example of the echo acquired by the
ultrasonic transducer 2.

[0087] For example, a case is considered in which fish raised in the second fishtank 12 is
divided into the first fishtank 11 and the second fishtank 12. In this case, in a state where there
is no fish in the first fishtank 11, a worker lifts the bottom of the net 63 of the second fishtank 12
where the fish exists by using a crane etc., as illustrated by a chain line in Fig. 1. As a result,
since the density of fish increases in the second fishtank 12, the fish which dislikes being
squeezed passes through the path 13, pass through the opening frame 71, and then move to
the first fishtank 11.

[0088] Note that, the lift by the crane may deform the net 63 of the second fishtank 12, thereby
affecting the shape of the connection net 67. Moreover, although the path 13 is comprised of
the connection net 67 so as not to easily scratch the fish, the connection net 67 may warp as a
large number of fish pass therethrough. However, in this embodiment, the passage restriction
frame 70 and the opening frame 71 is made of harder material (specifically, metal) than the
connection net 67 etc. Therefore, the position and the shape of the opening where the path 13
connects to the first fishtank 11 (i.e., a termination part of the path 13) can be stably
maintained.
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[0089] The echo signal accompanying the fish having passed the ultrasonic beam 9 at this
time is illustrated in Fig. 4. In the echogram of Fig. 4, similar to the echo image displayed on a
fish finder, the vertical direction corresponds to the water depth, and the horizontal direction
corresponds to time. In the image, a bright part is the echo, and it is displayed whiter as the
intensity increases. Note that, when acquiring the echogram of Fig. 4, the depth of the opening
frame 71 is set so that an upper end is located at a water depth of 2m and a lower end is
located at a water depth of 3m.

[0090] As illustrated in Fig. 4, it can be seen that low-density echoes are detected in a water-
depth range from about 2m to about 4m. Fig. 5 is an enlarged view of an area enclosed by a
white rectangle in Fig. 4, where echoes extending substantially linearly in a downward right
direction appear at the water depth from about 2m to about 4m. Each of the thin-line echoes
corresponds to one fish which passes through the ultrasonic beam 9. The reason of the echo
descending to the right is the habit of the fish in which the fish swims toward the bottom
immediately after passing through the opening frame 71, as described above. In the water-
depth range from about 4m to about 6m, strong echoes of a complicated shape appear, these
are based on fish circling after moving to the first fishtank 11.

[0091] The echo tracking module 45 and the counting module 46 described above
substantially performs processing to count the rightwardly-descending thin-line echoes. By the
above configuration, the number of fish which moves from the second fishtank 12 to the first
fishtank 11 can be measured accurately.

[0092] In this embodiment, the bottom of the interior space of the first fishtank 11 (i.e., partition
net 65) is located deeper than the lowermost part of the opening formed in the opening frame
71. Therefore, the fish can be counted by appropriately considering the habit of the fish that is
going to dive into a deep place immediately after passing through the opening frame 71.

[0093] The fish is counted one after another, and the number of fish displayed on the display
unit 5 increases in real time. The worker lowers the bottom of the net 63 of the second fishtank
12 which has been lifted by the crane at a timing when the number of fish displayed on the
display unit 5 reaches the scheduled number. Note that, it is preferable that the processor 4 is
provided with a setting module which enables the setting of the count number, and an
informing module which informs the worker about the timing at which the count number setting
is reached by light, sound, etc., in order to enhance convenience. Moreover, instead of
lowering the bottom of the net 63 of the second fishtank 12, the movement of the fish from the
second fishtank 12 to the first fishtank 11 can be stopped also by closing the opening frame 71
by a suitable component, such as a net.

[0094] By having the above configuration, the number of fish can be counted with a simple
configuration at low cost by using the ultrasonic transducer 2 which is normally used by the fish
finder. Moreover, since the equipment is simple, a maintenance work can also be performed
easily.
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[0095] Further, according to the fish counting system 10 of this embodiment, since the number
of fish can be measured using the fishtanks which are normally used, without the need of a
fishtank which is dedicated for the counting, the convenience can be improved.

[0096] This fish counting system 10 is applicable to any kind of fish, as long as the fish has a
size so that it can pass through the path 13 (in more detail, the opening of the opening frame
71). Therefore, various kinds of fish can be flexibly counted.

[0097] If the path 13 connecting the second fishtank 12 with the first fishtank 11 is narrow, fish
dislikes passing therethrough. Therefore, it takes a long period of time when performing the
work to divide the fish culture from one fishtank into a plurality of fishtanks. In this regard, in
this embodiment, even at the narrowest part of the path 13 (i.e., inside the opening frame 71),
a cross-section of the portion cut in a plane perpendicular to the passing direction of the fish is
a square having a length of 1m and a width of 1m, so that a plurality of fish can pass through
the portion simultaneously. Therefore, the work involving counting can be performed smoothly.

[0098] Note that, if the plurality of fish simultaneously pass through the ultrasonic beam 9, it
becomes a cause of an increase in error because the echoes overlap with each other, which
leads to more possibility of omission in the count. However, since the probability of the echoes
overlap with each other can be statistically estimated beforehand, the fall of the measurement
accuracy can be prevented appropriately by the processor 4 performing a correction to multiply
the counted result by a suitable magnification.

[0099] As described above, the fish counting device 1 of this embodiment includes the
ultrasonic transducer 2 and the processor 4. The ultrasonic transducer 2 transmits the
ultrasonic beam 9 underwater in the first fishtank 11 connected with the second fishtank 12
through the path 13, and is provided with the transducer element arranged in the single
channel. The transducer element is disposed at the position where the ultrasonic beam 9 does
not intersect the path 13. The processor 4 outputs to the ultrasonic transducer 2 the
transmission signal to drive the ultrasonic transducer 2, and acquire the number of fish passing
through the ultrasonic beam 9 and moving from the path 13 to the first fishtank 11 based on
the echo signal inputted from the ultrasonic transducer 2 that received the reflection wave.

[0100] Therefore, the number of fish which moves from the second fishtank 12 to the first
fishtank 11 via the path 13 can be measured with the simple configuration, without being

influenced by the net etc. constituting the path 13.

[0101] Although the suitable embodiment of the present disclosure is described above, the
above configuration may be changed as follows, for example.

[0102] Although the above embodiment has the configuration of counting the number of echo
sources which are able to be tracked, the fish may be counted by other methods.

[0103] For example, the number of echoes of which the peak of the envelope is larger than a
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given value may be added for every ping, and the value after the addition may be divided by a
predetermined average number of fish appearing pings to acquire the number of fish which
passed the ultrasonic beam 9.

[0104] Alternatively, a volume backscattering strength which is a known parameter may be
calculated based on the echo signal, thereby estimating density of fish, and the number of fish
passing through the ultrasonic beam 9 may be acquired based on the density and the
swimming speed of the fish measured separately. The swimming speed of the fish can be
detected, for example, by using a fish finder of a known split-beam type or a Doppler sonar.

[0105] It is preferable that the directivity of the ultrasonic beam 9 in the direction perpendicular
to the opening plane formed in the opening frame 71 is set narrow as illustrated in Fig. 2,
because overlap of echoes is less likely to occur. Note that, for example, if the swimming
speed of the fish is fast, the omission in detection can be prevented by setting the directivity
wide. Accordingly, it is preferable that the directivity of the ultrasonic beam 9 can be changed
according to the fish species etc.

[0106] In the above embodiment, the path 13 is formed by connecting the net 63 of the first
fishtank 11 with the net 63 of the second fishtank 12 through the connection net 67 in the
shape of a tunnel. However, for example, the passage restriction frame 70 may be disposed so
that the opening frame 71 is located between the net 63 of the first fishtank 11 and the net 63
of the second fishtank 12, a rectangular opening is formed in both the nets 63, and the
openings are fixed to the opening frame 71 (in other words, the openings are connected
directly) so that two nets 63 are brought closer, to form the path. In this case, the first fishtank
11 is connected with the second fishtank 12 through a very short path.

[0107] The ultrasonic transducer 2 may be, for example, fixed to a suitable jig etc. fixed to the
frame 61, instead of being fixed to the pier 64. The casing 15 may be, for example, installed on
a raft (not illustrated) floating adjacent to the first fishtank 11, instead of the pier 64.

[0108] The passage restriction frame 70 may be configured to be extendable and contractable
to suitably change the size of the opening formed in the opening frame 71.

[0109] The shape of the opening formed in the opening frame 71 (i.e., the opening at the
termination part of the path 13) may be, for example, a circle, instead of the rectangle.

[0110] The casing 15 may be installed at a location other than the pier 64. For example, the
casing 15 may be installed on a ship or a raft brought alongside the first fishtank 11 or the
second fishtank 12.

[0111] Instead of the battery 6, the electric power may be supplied from an external power
source to the transmitter/receiver 3, the processor 4, the display unit 5, etc. The external
power source may be, for example, a power source provided to the ship etc.
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[0112] The first fishtank 11 and the second fishtank 12 may have a suitable shape, without
being limited to the configuration described above. For example, it is possible to remove the
partition net 65 of the first fishtank 11.

[0113] In the above embodiment, although the fish counting device is described based on the
net-type fishtank, fishtanks other than the net type may also be used. For example, a box type,
basket type, ship-shaped type, or ditch type fishtank may be used.

DESCRIPTION OF REFERENCE CHARACTERS

[0114]

1
Fish Counting Device

2
Ultrasonic Transducer
4
Processor
9
Ultrasonic Beam
10
Fish Counting System
11
First Fishtank
12
Second Fishtank
13

Path
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Krav:

Fisketaellesystem, omfattende:

en forste fisketank (11);

en anden fisketank (12);

en sti (13), hvori stien (13) er dannet ved at forbinde en abning i den farste fisketank
med en abning i den anden fisketank direkte eller gennem en tunnel; og

en fisketeelleindretning (1), fisketeelleindretningen omfatter:

en ultralydstransducer (2), som er arrangeret til at transmittere en ultralydsstrale (9)
under vandet i den forste fisketank (11) og til at modtage en reflektionsbalge,
ultralydstransduceren (2) er forsynet med et transducerelement arrangeret i en enkelt
kanal, transducerelementet er placerbart i en position, hvor ultralydsstralen (9) ikke
krydser stien (13); og

en processor (4), som er arrangeret til at udsende et transmissionssignal til
ultralydstransduceren (2) for at drive ultralydstransduceren, og til at modtage et
ekkosignal fra ultralydstransduceren (2), som modtog reflektionsbalgen,

hvori processoren (4) er arrangeret til at spore et ekko, som bevaeger sig dybere som
tiden gar, til at taelle sporede ekkoer, som bevaeger sig dybere som tiden gar, og til pa
basis af de optalte sporede ekkoer at opnad et antal fisk, som passerer gennem
ultralydsstralen (9) og bevaeger sig fra stien (13) til den farste fisketank (11).

Fisketellesystem ifalge krav 1, hvori ultralydsstradlen (9) er en viftestrdle med en
vifteform, som spredes i en bredderetning, efterhAnden som ultralydsstralen bevaeger
sig veek fra ultralydstransduceren.

Fisketeellesystem ifglge krav 2, hvori viftestralen er placerbar i det vaesentlige parallelt
med en abning, som forbinder stien (13) til den faorste fisketank (11).

Fisketeellesystem ifglge krav 3, hvori viftestralen har en bred retningsfaktor i en retning
parallel med abningen og en smal retningsfaktor i en retning vinkelret p4 abningen.

Fisketeellesystem ifglge ethvert af kravene 2 til 4, hvori en retningsfaktor for viftestralen

kan aendres i overensstemmelse med en fiskeart.

Fisketeellesystem ifglge ethvert af de foregdende krav, hvori processoren (4) teeller de
sporede ekkoer, hvis bevaegelseshastighed i en dybderetning opfylder en given
betingelse.
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Fisketeellesystem ifglge ethvert af de foregdende krav, hvori processoren (4) teeller de
sporede ekkoer, hvis aendring i ekkointensitet opfylder en given betingelse.

Fisketeellesystem ifglge ethvert af de foregaende krav, hvori processoren (4) pa basis af
ekkosignalet, teeller ekkoer, korrigerer de talte ekkoer, og pa basis af de korrigerede talte
ekkoer opnar antallet af fisk, som bevasger sig fra stien (13) til den forste fisketank (11).

Fisketeellesystem ifglge ethvert af de foregadende krav, hvori ultralydstransduceren (2) er
en enkelt ultralydstransducer.

Fisketellesystem ifglge ethvert af de foregadende krav, hvori den faorste fisketanks (11)
bund er lokaliseret dybere end en dybeste del af en &bning, som forbinder stien (13) til
den forste fisketank (11).

Fisketeellesystem ifglge ethvert af de foregaende krav, hvori et tvaersnit af et plan, som
skeerer vinkelret pa en fiskepassageretning pa et sted, hvor stien (13) bliver smallest,
har en starrelse, hvorigennem flere fisk er i stand til at passere samtidigt.

Fremgangsmade til at teelle fisk, omfattende:

at forbinde en forste fisketank (11) med en anden fisketank (12) gennem en sti (13),
hvorigennem fisk er i stand til at passere;

at placere en ultralydstransducer (2), som er forsynet med et transducerelement, som er
arrangeret i en enkelt kanal til at transmittere en ultralydsstrale (9) under vandet i den
farste fisketank (11), i en position, hvor ultralydsstralen ikke krydser stien;

at udsende et transmissionssignal til at drive ultralydstransduceren (2);

at modtage et ekkosignal fra ultralydstransduceren (2), som modtog en reflektionsbgalge;
at spore et ekko, som beveaeger sig dybere som tiden gar;

at teelle sporede ekkoer, som beveeger sig dybere som tiden gar; og

pa basis af de optalte sporede ekkoer at opna et antal af fisk, som passerer gennem
ultralydsstralen (9) og bevaeger sig fra stien (13) til den farste fisketank (11).
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DRAWINGS

FIG. 1
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FIG. 2
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FIG. 5
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