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DESCRIPTION

Field of the Invention

[0001] The invention comprises a method, a device and a system for controlling the
concentration of living organisms in water in order to facilitate the handling of the organisms
such as grading and counting. The invention is suited for handling live fish in fish-farming.

Background of the Invention

[0002] The prior art in the field shows various devices for counting and sorting organisms in
water were the object is to give the optimal registration of number and size. These devices are
often limited in their capacity of processing large amounts of fish in a short time interval. The
relatively unstable concentration of the fish in water, that goes through the handling systems
means that they need to be designed to handle peak density. If not, the devices will not be
functioning at full capacity during most of the sorting and counting process.

[0003] In order to prevent overloading of the equipment, some prior art inventions have solved
the problem by reducing the speed of flow towards the counting device and then increase the
speed while measurement occurs. International patent application WO 2012/038415
(Wingtech) discloses a system for registration of number and/or weight distribution of marine
organisms where an injection duct is connected upstream to the registration container, and an
outlet duct connected downstream of the registration container, forming a feed-back loop of
fluid. The water is looped around the counting segment in order to increase the velocity within
the registration container. International patent application WO 91/03029 (Kvassheim) shows a
device for recording of number and size of objects passing between a light source and a
camera in free fall.

[0004] The prior art does not describe methods that directly control the concentration of living
organisms in water in order to minimize the variance and stabilize the concentration which is
needed for optimal operation of both counting and sorting devices.

[0005] Experience gained by using conventional methods to count and sort fish shows that
those methods tend to function best with a low or moderate level of fish concentration. High
levels of concentration have a negative effect on both counting and sorting of fish.

[0006] When transferring fish in fish-farms between receptacles, it is standard procedure to
count the fish in order to keep better control of the batches. A known disadvantage is that while
pumping up fish from one container and directing it to another, the concentration of the fish in
water is uneven, giving imprecise counting. The fish tend to clump together which gives inexact
and misleading counting as some fish overlap others, thus reducing the counted number.
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[0007] An example device for sorting marine organisms is discussed in NO 314481B1, while a
device for counting young fish in a water flow is described in SU 995716.

Summary of the invention

[0008] The objective of the present invention is to provide a method and a device for optimal
registration of organisms in fluid by regulating the concentration and speed of flow of
organisms. The invention disclosed also eliminates the need to drain water from the fish while
counting which further provides a means for counting organisms without harming or upsetting
them in any way. The invention provides for a non- touch method for counting living organisms
in fluid. The device disclosed is easily integrated into existing handling systems in fish farms
and is less bulky than known systems used for the same purpose. The high variance of
concentration during counting and sorting forces manufacturers of fish counters and graders to
design the instruments so that they can handle a wide range of concentration, which increases
manufacturing cost and reduces efficiency of the equipment.

[0009] The present invention in useful in industry, not only for the purpose of enabling the
currently existing equipment to operate at the ideal level of throughput, but also as a new
standard of concentration control for which future devices can be designed to exploit.

[0010] It is an object of the present invention to overcome or ameliorate the aforementioned
drawbacks of the prior art and to provide an improved and/or alternative and/or additional
device for automatic and continuous concentration control of a flow of living organism in a fluid.
It is one preferred object of the present invention to provide a device comprising in-feed
channels for a flow of living organism and a flow of fluid, as well as a chamber containing a
lever for regulating the flow from the first and the second in-feed channel through the chamber.
Another preferred object of the present invention is to provide a device wherein a computer
and a sensor continuously and automatically regulate the ratio of flow from the in-feed
channels by the lever in response to the density of living organism in the flow determined by
the sensor. Moreover, it is a preferred object of the present invention to provide a method and
a device for controlling the concentration of living organism dispersed in fluid in order to
facilitate handling said method and a device using a control mechanism having an input for the
stream containing uncontrolled concentration of organisms and an input for fluid. Furthermore,
the control mechanism receives concentration information from a sensor and adjusts the flow
of the organisms by diluting the stream with fluid in response from the computer and based on
information from the sensor. It is also a preferred object of the present invention to provide a
device with an improved operability and/or an increased ease of use during operation and set
up of the device. Preferably, only minor changes to the routine of the personnel are necessary.
Also, it is one preferred object of the present invention to avoid long setup times.

[0011] The object(s) underlying the present invention is (are) particularly solved by the
features defined in the independent claims. The dependent claims relate to preferred
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embodiments of the present invention. Further additional and/or alternative aspects are
discussed below.

[0012] The present invention is a new method for controlling the concentration of organisms
and a device, a control mechanism to use by the method. The invention also comprises a
system for the use of the method and a device in f. ex. fish-farming.

[0013] It is the combination of a) using a chamber with a lever regulating the flow from the
from the first and the second in-feed channel through the chamber and b) the sensor in the in-
feed channel for the flow of living organism, which provides the improved method and device
resulting in a more constant concentration of flow of living organisms in a fluid and also allows
an increased pump rate. Not only does the invention provide more constant concentration of
flow of living organisms in a fluid, but it also provides an automatic and real-time way of
controlling concentration of living organisms in a flow of fluid using a sensor and a computer to
set the ratio of flow from the first and the second in-feed channel through the chamber and
towards the outlet by the lever in response to the density of living organism in the flow
determined by the sensor.

[0014] Thus, at least one of the preferred objects of the present invention is solved by an
apparatus for automatic and continuous concentration control of a flow of living organism in a
fluid for further handling. Preferably the apparatus comprises a first in-feed channel for a flow
of living organism in a fluid, a second in-feed channel for a flow of fluid, an outlet, and a
computer. The apparatus further comprises a chamber containing a lever for regulating the
flow from the first and the second in-feed channel through the chamber. Furthermore the
apparatus comprises a sensor positioned in the first in-feed channel for detecting the density of
living organism in the flow. The computer continuously and automatically regulates the ratio of
flow from the first and the second in-feed channel through the chamber and towards the outlet
by the lever in response to the density of living organism in the flow determined by the sensor.

[0015] Another preferred object of the present invention is solved by a method for automatic
and continuous concentration control of a flow of living organism in a fluid for further handling.
Preferably, the method comprises the step of feeding a flow of living organism in a fluid through
a first in-feed channel, feeding a flow of fluid through a second in-feed channel, and feeding
the flow from the chamber trough an outlet. Moreover, the method preferably comprises the
step of regulating the flow from the from the first and the second in-feed channel in a chamber
containing a lever, where the density of living organism in the flow is detected by a sensor and
the sensor is positioned in the first in-feed channel. Furthermore, a computer continuously and
automatically regulates the ratio of flow from the first and the second in-feed channel through
the chamber and towards the outlet by the lever in response to the density of living organism in
the flow determined by the sensor.

[0016] The following embodiments and definitions relate to the method, fish-farm and the
apparatus of the invention.
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[0017] In an embodiment of the present invention the regulation of the ratio of flow from the
first and the second in-feed channel through the chamber and towards the outlet is a real time
regulation of density by diluting the flow of living organism in fluid in the first in-feed channel
with the flow of fluid in the second in-feed channel.

[0018] In an embodiment of the present invention, the sensor unit is a light source directing
light through the flow of living organism in a fluid and on the opposite side of the light source is
an optical sensor, said optical sensor measuring the amount of light that passes through the
flow of living organism in a fluid.

[0019] In an embodiment of the present invention the first in-feed channel has a flat section
where the light source directing light through the flow of living organism in a fluid is positioned
on one broad side of the flat section and the optical sensor is positioned on the other broad
side of the flat section.

In an embodiment of the present invention the method and device for controlling the
concentration of living organism in water is characterized by a control mechanism having an
input for the stream containing uncontrolled concentration of organisms and a input for water,
the control mechanisms receiving information on the concentration of organisms from a sensor
situated upstream in the organisms-containing stream; the control mechanism adjusts the flow
of the organisms by diluting the stream with water according to the measures form the sensor
which results in the output from the control mechanism being a stream with controlled
concentration of organisms.

In an embodiment of the present invention the two inputs of the control mechanism, one for the
stream containing uncontrolled concentration of organisms and a one for water or fluid, both
lead to a chamber containing a lever that divides the chamber and a motor that adjusts the
position of the lever and thus controls the amount of water used to dilute the organism-
containing fluid. Said motor receives input from a sensor situated upstream from the control
mechanism in the stream of organisms.

In an embodiment of the present invention the sensor unit consists of a light source that shines
through the fluid-stream and on the opposite side an optical sensor that measure the amount
of light that passes through.

In an embodiment of the present invention the organisms in the stream is selected from, but
not limited to fish, smolt, shrimp, crustaceans, shellfish or other organisms living in freshwater
or sea.

In one embodiment of the invention, the system for counting organisms consists of the
following elements:

1. 1. A reservoir containing living organisms in fluid, such as fish in sea-water.

2. 2. A reservoir containing fluid only, e.g. water or sea-water

3. 3. A sensor unit that measures the concentration of organisms in the fluid using a light
source such as an infrared diode plate that shines through the fluid-stream and with a
plate on the opposite side with receptors that measure the amount of light that passes
through.

4. 4. A control mechanism that, based on the measurements of the sensor unit, controls
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the amount of water used to dilute the stream of organisms-containing fluid and thus to
affect the speed of the fluid and the concentration of organisms in the fluid.

5. 5. Apump

6. 6. A grader that grades the organisms by size

7. 7. A device that counts the organisms

[0020] In the present context the term "control mechanism" relates to a chamber for receiving
a flow of living organisms in fluid and a flow of fluid, where the concentration of living
organisms in fluid is determined by continuously and automatically regulating the ratio of flow
of living organisms in fluid and a flow of fluid respectively through the chamber. The use of
method and device is not limited to sorting and counting but can be used to achieve better
results in various tasks relating to the handling of living organisms. The stream of controlled
concentration coming from the control mechanism, e.g. with the fish spaced apart, can be used
to handle the fish in many different ways such as medicating, vaccinating, weighing or making
other estimations. The system, method and device can be used for controlling concentration of
organisms in a wide range of size and for various species, e.g. for fish, smolt, shrimp,
crustaceans, shellfish or other waterborne organisms.

[0021] In the present context the term "lever" relates to a beam, a rod or an arm on a hinge or
the like, which is positioned centrally between two in-feed channels. The lever is movable by a
motor or the like and as the position of the lever is moved, the flow from one in-feed channel is
limited, whereas the flow from the second in-feed channel is free and unhindered. An
embodiment of a lever is shown in Figs. 7 and 8.

Detailed description of the invention

[0022] The present invention will become more fully understood from the detailed description
given hereinafter and the accompanying drawings which are given by way of illustration only,
and thus, are not limitative of the present invention, and wherein:

Figure 1 shows a flowchart showing an alternative system to control the concentration of fish in
water, not an embodiment of the disclosed invention.

Figure 2 shows a flowchart showing a system to control the concentration of fish in water which
is the subject of the disclosed invention.

Figure 3 shows a top-view of fish counter.
Figure 4 shows a side-view of fish counter.
Figure 5 shows a top-view of concentration sensor.

Figure 6 Side-view of concentration sensor.
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Figure 7 shows a top -view of control device.
Figure 8 shows a side-view of control device.
Figure 9 shows an over-view of fish grading and counting system.

Fig. 1 shows a flowchart of an alternative system setup that aims at controlling the
concentration of fish in water pumped through a pipe. The system is not an embodiment of the
invention but is shown here for reference.

Fluid with an uncontrolled concentration of fish (1) is pumped into a control mechanism (4)
which dilutes the concentration by adding water (2) into the pipe. The output of the control
mechanism is a pipe containing water with a controlled concentration of fish (15). The control
mechanism (4) receives concentration information from a fish counter (3) located downstream
from the control unit.

During testing, the system described in fig. 1 proved to be able to eliminate periods of
sustained high density but the system proved unable to respond to sudden peaks of high
concentration, which causes negative effects on the quality of fish counting. This is at least
partly due to the order in which the fish flow through the equipment e.g. that the counter (3)
measuring concentration is located downstream from the control mechanisms (4).

Fig. 2 shows a flowchart of the system setup for the disclosed invention. Fluid with uncontrolled
concentration of fish (1) is pumped via a pipe, through a concentration sensor (9) and onward
towards the concentration control mechanism (4). After receiving information from the
concentration sensor (9), the control mechanism (4) adds water (2) into the pipe and thus
dilutes the concentration of fish. The output of the control mechanism (4) is a stream of fluid
with a controlled concentration of fish (15).

The concentration sensor (9) functions similar to the counter (3) as it spreads out the flow
within the pipeline and passes it by a light source. A board with infrared light sensitive
transistors (8) measures the concentration of fish within the pipeline by analyzing the silhouette
recorded when fish pass by the light source.

Fig. 3 is a detailed illustration of a fish counter (3). Fluid containing fish is pumped through an
input on the counter (6) and past a light source (5). The shape of the chamber within the
counter spreads out the flow vertically which allows for greater accuracy. A camera (7)
photographs the stream and image analysis software calculates the number of fishes that pass
through the fish counter.

[0023] Fig. 4 is a side-view illustration of a fish counter (3) where the input is show as 6.

[0024] Fig. 5 is a detailed illustration of the concentration sensor (9). Water with an
uncontrolled concentration of organisms enters at the input of the sensor (22) and flows past a
board with infrared light emitting diodes beneath the surface not shown in this drawing, see
(10) in Fig. 6. The silhouette created by fish moving past the light source (10) is measured by a
board with infrared sensitive transistors (8) and image analysis software calculates the
concentration of the flow that passes through the sensor. The sensor is contrived from two
halves, joined together and forming a chamber for imaging. A sealing O-ring (14) water-proves
the chamber created by the two halves.
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[0025] Fig. 6 is a side-view of the concentration sensor (9). A board with infrared light emitting
diodes (10) is shown beneath the camera and the input flow is shown as (22).

[0026] Fig. 7 is a top-view of the control mechanism (4). Fluid with uncontrolled concentration
of fish (1) is pumped into one of the inputs of the control mechanism (4) and water is pumped
into the other input (2). Shown here is a linearized motor (12) that moves a lever (11) in order
to adjust the ratio by which the stream with uncontrolled concentration of fish is diluted with
water to secure that the output is a stream with controlled concentration of fish (15). The
gearing ratio between the movement of the linearized motor (12) and the lever (11) is adjusted
by changing the position of the connection on the shaft of the lever (13). The mechanism is
contrived from two halves fastened together and a sealing O-ring (14) water-proves the
chamber created by the two halves.

[0027] Fig. 8 is a side-view of the control mechanism (4) where the lever (11) and the
linearized motor (12) is shown as well as the connection on the lever shaft (13), that produces
a controlled concentration of fish flowing through the output (15). Water input is shown as (2).

[0028] Fig. 9 shows an overview of an entire process of grading and counting fish with
concentration control. Water with uncontrolled concentration of fish (1) is pumped from a tank
(16), through a concentration sensor (9). From there the stream flows towards the
concentration control mechanism (4) where water (2), which is pumped from a tank (17), is
added to the flow in order to dilute the concentration by a controlled manner to ensure an
output of controlled concentration of fish (15). From there the stream flows towards a pump
(20) that propels the entire process forward. Downstream from the pump, the water flows into
a grader (21) which sorts the fish by size and distributes it onto several slides that lead into the
fish counter (3).

[0029] The invention is useful for all kinds of organism in fresh-water or in sea-water. It can be
used for controlling concentration of organisms in a wide range of size and for various species,
e.g. for fish, smolt, shrimp, crustaceans, shellfish or other waterborne organisms. The
concentration control mechanisms can facilitate all kinds of handling of the organisms other
than grading or counting e.g. medicating, vaccinating, weighing or making other estimations.

[0030] The present invention covers further embodiments with any combination of features
from different embodiments described above. Reference signs in the claims are provided
merely as a clarifying example and shall not be construed as limiting the scope of the claims in
any way. The present invention also covers the exact terms, features, values and ranges etc.
in case these terms, features, values and ranges etc. are used in conjunction with terms such
as about, around, generally, substantially, essentially, at least etc. (i.e., "about 3" shall also

cover exactly 3 or "substantial constant" shall also cover exactly constant). The terms "a", "an",
"first", "second" etc do not preclude a plurality.

REFERENCES CITED IN THE DESCRIPTION
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Patentkrav

1. Apparat til automatisk og kontinuerlig koncentrationsstyring af et flow af
levende organisme i en fluid til yderligere handtering, apparatet omfattende:
en fgrste tilfgrselskanal til et flow af levende organisme i en fluid (1);
en anden tilfgrselskanal til et flow af fluid (2);
et kammer (4) indeholdende et handtag (11) til regulering af flowet fra den
farste og den anden tilfgrselskanal gennem kammeret, hdndtaget (11)
opdeler kammeret (4) og er anbragt mellem den fgrste og den anden
tilfgrselskanal;
et udlgb (15);
en sensor (9) er anbragt i den fagrste tilfgrselskanal til detektering af
densiteten af levende organisme i flowet; og
en computer, hvor computeren kontinuerligt og automatisk regulerer
flowforholdet fra den fgrste og den anden tilfgrselskanal gennem kammeret
og mod udlgbet ved at justere en position af handtaget som respons pa

densiteten af levende organisme i flowet bestemt af sensoren.

2. Apparat ifglge krav 1, hvor sensoren (9) er en lyskilde (10), der retter lys
gennem flowet af levende organisme i en fluid og pa den modsatte side af
lyskilden er en optisk sensor (8), den optiske sensor maler maengden af lys, der

passerer gennem flowet af levende organisme i en fluid.

3. Apparat ifglge krav 1, hvor den fgrste tilfgrselskanal har et fladt afsnit, hvor
lyskilden (10) som retter lys gennem flowet af levende organisme i en fluid er
anbragt pa en bred side af det flade afsnit og den optiske sensor er anbragt pa
den anden brede side af det flade afsnit.

4. Fremgangsmade til automatisk og kontinuerlig koncentrationsstyring af et flow
af levende organisme i en fluid til yderligere handtering, fremgangsmaden
omfattende:

at fgre et flow af levende organisme i en fluid gennem en fgrste

tilfgrselskanal;

at fgre et flow af fluid gennem en anden tilfgrselskanal;
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2

at regulere flowet fra den fgrste og den anden tilfgrselskanal i et kammer
indeholdende et handtag, som opdeler kammeret og er anbragt mellem
den fgrste og den anden tilfgrselskanal;

at fgre flowet fra kammeret gennem et udigb;

at detektere densiteten af levende organisme i flowet med en sensor,
sensoren er anbragt i den fgrste tilfgrselskanal; og

kontinuerligt og automatisk at regulere, via en computer, flowforholdet fra
den fgrste og den anden tilfgrselskanal gennem kammeret og mod udlgbet
ved justering af en position af handtaget som respons pa densiteten af

levende organisme i flowet bestemt af sensoren.

5. Fremgangsmade ifglge krav 4, hvor regulering af flowforholdet fra den fgrste
og den anden tilfgrselskanal gennem kammeret og mod udlgbet er realtid
regulering af densitet ved fortynding af flowet af levende organisme i fluid i den
farste tilfgrselskanal med flowet af fluid i den anden tilfgrselskanal.

6. Fremgangsmade ifglge krav 4, hvor organismerne i strgmmen (1) er fisk,
unglaks, rejer, krebsdyr, skaldyr eller andre organismer som lever i ferskvand

eller hav.

7. Fremgangsmade ifglge krav 4, til anvendelse i fiskeopdraet.

8. Fiskeopdraet omfattende et apparat til bestemmelse af densitet eller antal af
levende organismer i et flow til yderligere handtering, apparatet omfattende:
en fgrste tilfgrselskanal til et flow af levende organismer i en fluid;
en anden tilfgrselskanal til et flow af fluid (2);
et kammer indeholdende et handtag (11) til regulering af flowet fra den
forste og den anden tilfgrselskanal gennem kammeret (4), handtaget (11)
opdeler kammeret (4) og er anbragt mellem den fgrste og den anden
tilfgrselskanal:
et udlgb;
en sensor (9) anbragt i den fgrste tilfgrselskanal til detektering af
densiteten af levende organisme i flowet; og
en computer, hvor computeren kontinuerligt og automatisk regulerer

flowforholdet fra den fgrste og den anden tilfgrselskanal gennem kammeret
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og mod udlgbet ved at justere en position af handtaget som respons pa

densiteten af levende organisme i flowet bestemt af sensoren.

9. Fiskeopdreaet ifglge krav 8, hvor sensoren (9) er en lyskilde (10), der retter lys
gennem flowet af levende organisme i en fluid og pa den modsatte side af
lyskilden er en optisk sensor (8), den optiske sensor maler maengden af lys, der

passerer gennem flowet af levende organisme i en fluid.

10. Fiskeopdreet ifglge krav 9, hvor den fgrste tilfgrselskanal har et fladt afsnit
hvor lyskilden (10) som retter lys gennem flowet af levende organisme i en fluid
er anbragt pa en bred side af det flade afsnit og den optiske sensor (8) er anbragt
pa den anden brede side af det flade afsnit.

11. Apparatet ifglge krav 1, hvor handtaget (11) er anbragt centralt mellem den
fgrste og den anden tilfgrselskanal.

12. Apparatet ifglge krav 1, og yderligere omfattende en motor (12), der beveeger
handtaget (11).

13. Apparatet ifglge krav 12, og yderligere omfattende en handtagsaksel (13),
hvor motoren (12) bevaeger handtaget (11) langs handtagsakslen (13) for at
justere positionen af handtaget (11) inden i kammeret (4).

14. Apparatet ifglge krav 2, hvor lyskilden (10) inkluderer infrargd lysemitterende
dioder og den optiske sensor (8) inkluderer infrargd sensitive transistorer.

15. Fremgangsmaden ifglge krav 4, hvor detektering af densiteten af levende
organisme i flowet med sensoren inkluderer:
at rette lys fra en lyskilde gennem et flow af levende organisme i den fgrste
tilfgrselskanal,
at anbringe en optisk sensor pa den modsatte side af lyskilden, og
at analysere silhuetter detekteret af den optiske sensor, nar fisk passerer
forbi lyskilden.
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DRAWINGS

Fig. 2
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Fig. 3

Fig. 4
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Fig. &
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Fig. 7

Fig. 8
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