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Front cover. An image taken in February 2020 in the extension of the trawl being operated by the
fishing vessel Sparkling Star during sea trials. The image was taken by a camera mounted in front of
the Smartrawl! stereo camera system and shows the stereo camera orientation and background
netting used to provide improved images.
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Executive Summary

Smartrawl 2.5 is part of a series of phased projects, to develop a selective device to operate in a
demersal trawler allowing for fish to be released in-situ underwater, thus allowing the skipper of the
vessel to comply with the landings obligation. This is an interim report for Phase 2.5 of the project,
which details work completed so far and highlights the work that is still to be completed.

Smartrawl 2.5 was based, largely, on the acquisition of two new major pieces of equipment: i) a new
stereo camera; and ii) an underwater modem. Both cameras also required adaptations to work with
the modem. The builds of these were delayed due to components not being available from China
due to the Coronavirus pandemic. The project, originally due to complete on 31 March 2020, was
extended, initially to 31 August 2020, and then to February 2021. Both items were eventually
procured: the modem at the end of March and the stereo cameras and their adaptations in the
summer. Restrictions on working, travelling and supplies of materials have operated throughout
2020 due to the pandemic, making testing difficult. The modem was tested in the lab and both
cameras were tested at sea in December 2020.

Another major task was to conduct image analysis and devise computer programs to convert
information from the stereo camera to be sent via the modem to the bridge on a fishing vessel.
Artificial intelligence computer programs were written which allowed for fish to be detected in the
stereo camera images and sized.

Integration of the camera, the image analysis (which takes place on a suitable computer) and the
modem now require further development. A suitable computer has been bought and it now needs
to be integrated into the camera: this will take place during Phase 3.0.

Other progress includes: advances in the design of the stereo camera frame; considerations for a new
camera housing design; designs of a full-sized gate; three further sea trials; and preparations for
obtaining a patent for the Smartrawl system.
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The Smartrawl project

The Smartrawl is a technological development designed to avoid discards and bycatch in demersal
fishing trawls, ensuring that only fish and shellfish that are intended to be landed are actually caught
at sea. The system consists of a stereo camera with lighting in the trawl extension to obtain high
quality images of fish traversing into the cod-end through the trawl net. These images will be
analysed by an onboard computer to determine the size and species of the fish. A signal is then sent
to a ‘gate’ located in the trawl extension to catch or release the fish: if an unwanted fish is identified,
a signal is sent to open the gate and the fish is released back into the wild; if the fish is wanted, a
signal is sent to close the gate and the fish passes into the cod end to be captured. This was originally
designed to be self-contained without information being passed to the bridge of the vessel. However,
an interim modification involves the transfer of information from the stereo camera to the bridge via
an underwater communications device (modem).

This report describes Phase 2.5 of the project funded under FISO24A. In this initially short
phase, the intention was to progress specific components of Smartrawl by adapting and testing a
second stereo camera and the underwater modem to transfer data from the camera to the bridge of
a trawler. However, the project was seriously affected (delayed) by the pandemic and was unable to
complete many of the objectives which involved going out to sea working in the confined spaces of
fishing boats.

Smartrawl Phase 2.5 objectives

01 Acquire and adapt a stereo camera for deployment in Scottish demersal fishing trawls.
1.1 Purchase stereo camera as per previous specification.
1.2 Build a deployment frame for incorporation into the trawl extension.
13 Build a new housing for the camera system

02 Write software to detect and size fish on the stereo camera
2.1 Adapt existing image analysis labelling software to detect fish in the images of the
stereo camera
2.2 Estimate the size of the fish from labelled images derived from the stereo camera
2.3 Write data transfer software to convert size information to a datafile that can be sent
to the modem

03 Adapt an acoustic modem to transfer data from the camera to the bridge of a trawler
3.1 Purchase and adapt a suitable underwater acoustic modem (transmitter and receiver)
3.2 Write software to convert the number and size of fish being observed on the stereo
camera from the modem receiver to a laptop PC on the bridge.

04 Test the system in the laboratory and during fishing operations.
4.1 Tests in a large water tank.
4.2 Deployments on a small research vessel (trawler) to test and develop the
communication system
4.3 Deployments on a Scottish mixed demersal fishing trawler operating in the North Sea
or west coast of Scotland.
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1. Objective 1: Stereo camera acquisition
1.1. Adaptation of existing camera and new camera build

The first task was to secure an adaptation to the existing Smartrawl| stereo camera, so that is could
be linked to an underwater modem to transfer information from the camera system to the vessel.
The link consists of new cabling to transfer information from the onboard computer, which also
needed to be adapted and new software written to enable the transfer (see Fig. 1). This was
completed and the camera was delivered on the 25 March 2020.

The second task consisted of building a new (spare) camera system. This was so that tests could be
conducted whilst the other camera was being deployed, and to guard against damage to the existing
system preventing further trials. The new camera system was subject to delays of several vital
components from China in the light of the pandemic but was eventually delivered in August 2020.
Both systems have since been used in earnest at sea (see Section 5.2 below).

1.2. Camera deployment frame

In Smartrawl Phase 2.0, the design analysis and fabrication of the stereo camera frame were carried
out using Computer Aided Design (CAD), Finite Element Analysis (FEA) and Computational Fluid
Dynamics (CFD). Corrosion resistant materials such as SS316 and HDPE (see page 27-28) were
selected for the construction of the frame and the frame was fabricated using TIG welding and CNC
milling. Assembly of the frame was carried out with off-the-shelf components with the long-term
repairability and reusability in mind. The frame was tested in the large water tank available at the
National Decommissioning Centre’s South Building and static balancing was carried out along with
the measurement of buoyancy.

W

Figure 1. Image of the existing'stereo camera system returned after modifications (circled in red)
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The first version of the stereo camera deployment frame was designed, based on input from the
skipper of the trawler, to withstand the rigors of deployment and retrieval while it is attached to the
inside of a trawl net. One of the main concerns initially was that the frame would have to pass over
a power block during deployment and retrieval of the trawl net. Protocols for deployment were
developed for this frame from the sea trials (see Box 1) and in subsequent deployments with a more
experienced skipper, this step was circumvented. Based on the observations made during successive
deployments in Phases 2.0 and 2.5, the design of the frame was adapted, and design improvements
were incorporated into subsequent revisions of the frame design to include the deployment
requirements and flow characteristics around the frame. In the intermediate design step during
Phase 2.5, the length of the frame was reduced in order to improve handling on the deck (Figure 2).
Hoops were introduced into the trawl net at either end of the camera to hold the net open during
deployment (Figure 4) so that the there is sufficient space for passage of fish in front of the stereo
camera. White netting was also installed along the inner circumference of the trawl extension
opposite the stereo camera to provide a contrasting backdrop for acquiring images (lessons learned
from Smartrawl 2.0).

177.92

! _ 1250.00

Figure 2. New camera frame design: plan view (top), side elevations (middle) and section (bottom) showing the position of the camera
(vellow and green).
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Box 1. Camera frame deployment protocol

1) Ensure that the camera is fully charged following the procedure outlined in the manual

2)  Secure the camera on the frame

3)  Check the cable connections to the strobes and power extension cable

4)  Open a section of the extension after the square mesh panel near to the cod end

5) Fasten the frame to the fishing net while resting on the quay (Figure 3)

6)  The location of the camera frame is based on the net but can be located at any point in the
cylindrical section

7) Insert the hoops to hold the net open at two ends of the frame

8)  Attach the white netting on the opposite wall of the trawl net facing the camera

9) Close the opening in the trawl net

10) Attach the acoustic transmitter on the outside of the trawl net to the transmitter
attachment

11) Use the vessels power block (or crane) to remove the trawl net with the camera attached
from the quay to the deck of the boat (Figure 3)

12) The boat then goes out to the trawl ground where the net is deployed

13) The camera is started on the deck of the boat by following the instructions in the operation
manual

14) The trawl net with the camera is then deployed

15) After the trawl operation is completed, the trawl net is recovered

16) Once the section with the camera is drawn up, the camera is turned off following the
procedure outlined in the manual

17) The equipment is retrieved from the net once the cod end has been emptied

18) Datais downloaded onto the laptop or workstation and the system is switched off

Figure 3. a) Inserting the camera frame into the trawl extension. b) the net with the frame being lifted by the vessel’s power block
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Figure 4 Modified camera frame and extension rig mounted in the trawl of the Sparkling Star at the quayside prior to departure

Further design modifications including FEA and CFD analyses were carried out to incorporate a new
extension to the frame for mounting the modem transmitter. The camera frame was also redesigned
to accommodate the transmitter frame. The various steps have been described below beginning with
the design of the frame:

1. Design of the frame for the acoustic modem transmitter. A frame is required to mount the
transmitter which relays data from the stereo camera to the trawler. The CAD part file for the
transmitter was provided by the modem supplier (*.STEP’ file which was converted to
‘SLDPRT’). The weight of the transmitter in air and water were measured by using the load
cell in the NDC South building (recorded as approximately 14 kg and 6 kg respectively) and
this information was used in the structural analysis of the frame.

Computational Fluid Dynamics (CFD) analysis of the transmitter was conducted to
determine drag on it. The input and initial conditions used for the simulation are as follows:
maximum ambient pressure of approximately 300 MSW, temperature of 8° Celsius, flow
velocity of 4 knots or 2.0578 m/s. The fluid considered in the flow analysis was sea water.
External flow was considered in the analysis and internal space and cavities without flow
conditions were not included in the analysis. The computational domain size was taken as
+0.5775 m x +0.5775 m x +1.416 m/-0.619m. The results of the analysis are shown in the
visualizations below (Figure 5, Figure 6, Figure 7).



University of Aberdeen
. _______________________________________________________________________________________________________________________________________________________________________|

Figure 5 Flow around the transmitter shown as semi-transparent arrows. The colour of the arrows represents the flow velocity.

Figure 6 Flow around the transmitter which is shown as a cross-section, and contour and iso-lines for flow velocity.
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Figure 7 Flow around the transmitter, and contour and iso-lines for flow velocity.

The maximum drag force on the transmitter frame was computed as 6860.52 N from the CFD analysis
and this value is used for the FEA analysis of the transmitter holder frame attachment.

2. Design analysis of the frame for the modem transmitter. The transmitter is required to be
located within a maximum of 1 m proximity to the camera because of the connector cable
length. The transmitter should also have a clear line of sight with the trawler for
communication. The transmitter should also be protected from snagging with debris and the
sea floor. The trawl net diameter varies from 1m to 1.5m depending on the trawler. Mounting
the transmitter within the trawl net in the proximity of the camera would increase the
possibility of both fish and debris impinging on it, besides reducing the cross section of the
net and altering the flow pattern in front of the camera which could potentially affect image
capture performance.

Based on these considerations, it was concluded that the best location for the
transmitter would be outside the trawl net mounted above the camera as show in (5) of Figure
8. The frame for the acoustic transmitter would also have to follow the circumference of the
trawl net to allow the net to retain its cylindrical shape. The frame was designed accounting
for these parameters using CAD and the final design in shown Figure 9.

11
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Direction of flow

Figure 8 CAD visualisation of possible configurations for mounting modem transmitter relative to the stereo camera frame

Figure 9 Frame for mounting the modem transmitter
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Finite Element Analysis (FEA) of the component was carried out to ensure that it was capable to
taking up the loads during deployment. The drag force generated in the CFD analysis was used along
with the weight of the modem transmitter measured previously using the load cell. After surveying
the availability of materials and technical data using Granta Edupack1, aluminium alloy (Al6082 T6 —
see Annex 1) was selected for fabricating the frame and this material was used in the FEA analysis.
Since the material properties for this alloy was not available within the native material library of the
CAD program, it was imported from the Ansys GRANTA EduPack software. The results of the FEA
analysis predict that the frame would be able to endure the loads anticipated in deployment from
the drag force distributed across the frame. The visualization of stress in the frame is show in Figure
10. The maximum stress in the structure is calculated as 1.12e+8 N/m2 leading to a factor of safety
of 2.315. The fabricated attachment shown in Figure 11 was received at the end of February 2021.

won Mises (N/m~2)
1.122e+08

1.028e+08

_ 9.346e+07
_ 8412e+07
_ 7ATTe+07
_ B542e+07
_ 5.608e+07
_ 4673e+07
_ 3.73%e+07

_ 2.804e+07

1.870e+07
9.350e+056
4.136e+03

— P vield strength: 2.592e+08

Figure 10 Visualization of stress in the frame

1 Ansys GRANTA EduPack software, ANSYS, Inc., Cambridge, UK, 2021 (www.ansys.com/materials).

13



University of Aberdeen

Figure 11 Frame for the'modem transmitter fabricated sing aluminium alloy

Design analysis of stereo camera frame. One of the modifications made to the original frame
fabricated in Smartrawl 2.0 was to make it more compact by reducing its length and placing the
strobe lights closer to the camera. This also led to some weight reduction of the frame which
improved manual handling. However, some images revealed that the intensity of strobe lighting
could have increased due to the proximity to the stereo camera. To address this potential issue from
occurring in the future, the strobes were returned to its original prescribed position in the design
revision carried out as part of Phase 2.5 by redesigning the frame in a manner that allows the strobe
lights to be spaced farther apart (see Figure 2). This led to an overall increase of 12mm in the frame
length.

Another issue encountered with the reduction in profile height was the restricted access to
connection ports of the stereo camera. Since operations are carried out on the deck of the fishing
boat where there is limited space for manoeuvring, additional space was provided for accessing the
stereo camera. The height of the protective foam covering was also increased to protect the domes
from any abrasive damage by ensuring that the camera domes are set sufficiently recessed into the
frame also to prevent any potential damage due to impinging debris. This led to a profile height
increase 90.4mm from the previous design. The revised design for the stereo camera frame is shown
in Figure 12 including the top, front and side views along with a sectioned side view.
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Figure 12. New camera frame design: plan view (top), side elevations (middle) and section (bottom) showing the position of the
camera (yellow and green).

The previous version of the inner ladder frame was constructed using box sections for strength. These
box sections were made from stainless steel (S5316L) which has good corrosion resistance to
seawater. This frame was able to withstand the rigors of deployment in previous deployments. In this
design iteration, box sections made of Al6082 T6 were used to reduce the weight of the frame which
could improve overall ease of handling in the limited space available on the deck of the small fishing
boat. The density of Al6082 T6 is 2.73e3 kg/m3 compared to SS316L which has a density of 8.07e3
kg/m3. Therefore, using aluminium alloy could lead to a weight reduction of about 66% for the inner
frame. The weight of the new Al6082 T6 frame was estimated to be 2.72 kg compared to 4.64 kg for
SS316L frame used previously using the CAD program. The weight of the fabricated frame was
measured as 2.41 kg and the transmitter mount frame 1.3 2kg giving a combined weight of 3.73 kg
which is lighter than the previous frame by 19.61%. The modified frame was procured from an
external supplier and was delivered in the last week of February 2021. The partly assembled frame is
shown, along with the transmitter attachment is shown in Figure 13.

15
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Figure 13 Assembled frame of the modified stereo camera frame and modem transmitter

The part files generated in CAD for the HDPE components were also sent to the engineering workshop
for CNC. The machined parts are shown in Figure 14 and assembly of the new frame will be completed
before the end of March 2021. Once the assembly is completed, tank testing and static balancing of
the new frame will be carried out to ensure the frame stays in the upright position during
deployment, and this will be carried out as early as the lockdown restrictions are lifted. The new
frame can be deployed with the second stereo camera.

Figure 14 HDPE parts of the stereo camera frame fabricated using CNC machining
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1.3. New housing

The existing stereo camera system utilizes a generic off-the-shelf housing which has been rated for
500 m depth. This is significantly greater than the intended deployment depth of 150-250 m for the
Smartrawl project. Some drawbacks with the design of the existing system were identified which
included projecting latches, domes, connectors, heat generation etc. A simpler two-part design was
envisaged in which the front part would be flat acrylic which also functions as a window for the
camera (to reduce the profile height of the camera system which could result in improved fluid flow
characteristics) and the rear part would house the camera electronics and lens arrangement. A
separate battery housing which would allow for extending the operational life of the camera system
making it suitable for longer deployments and also reduce the time for battery replacement between
deployments (compared to recharging the existing internal battery) was also planned.

As part of the proposed work in Phase 2.5, aluminium (Al6082 T6) was identified using Granta

Edupack for fabricating the new housing because of its low weight, structural strength, and desirable
corrosion resistant characteristics for marine deployment. The aluminium material was procured.
Initial FEA analyses of the stereo camera housing were conducted. A new Single Board Computer
(SBC) has been identified to replace the existing SBC to meet the computing power requirements for
on-board image analysis. The design of the housing can be carried out only after the finalization of
the new SBC schematic including connectivity and power supply requirements.
After finalization of the component layout, costing analysis for custom fabrication of the housing and
suitability of off-the-shelf components can be carried out based on the outcome which, the design of
the housing can either be progressed or a prefabricated casing obtained. If the housing can be
fabricated within a reasonable timeframe and cost, further FEA analysis will be required. The finalized
design can be prototyped using CNC machining and tested in the hyperbaric pressure chamber to
validate the depth rating analysis. The final prototype of the casing can be anodized to improve
corrosion resistance to seawater and tested through deployments in the saltwater tank and the sea.
However, this work will be out with the scope of this phase due to component change and time
restrictions.

2. Software development
2.1. Image analysis for fish detection

Existing image analysis labelling software was not able to detect fish in the images of the stereo
camera. This was because of the complexity of the background (netting) in the images acquired in
the first set of trials. This meant that a machine learning approach had to be developed. The first
stage in such an approach is to analyse existing images and organize and label them by hand to train
an Al algorithm. For this purpose, data were taken from the trials cruise conducted during Smartrawl
Phase 1.

A Neural Network (NN) was developed for labelling images with or without fish. The NN was
trained on black-and-white images from the Alba Na Mara datasets from FISO11B. The following
steps describe the various components of Python computer code that were developed. The code is
presented in Annex 2.

1. Datawere provided in an unusual raw (black and white) format, so the first task was to extract
colours from the format provided (debayering).

2. Before feeding data to the model and beginning the training process some pre-process on the
image input data was required. Images had to be resized to a consistent size, bounding boxes

17



University of Aberdeen

had to be loaded into the system and tested.

3. After careful research and trials of various Al options, a Mask RCNN (Region based
Convolution Neural Network) was chosen as the best solution. Mask RCNN is a sophisticated
model to implement, compared to a simple or even state-of-the-art deep convolutional
neural network model. To train our classifier, the dataset had to be labelled manually, i.e.
label fish on the images by hand. Initial trials were not entirely satisfactory (Figure 15), so
additional image formatting was done to examine the blue channel of debayered images, and
other modifications were made to the training set to develop the algorithm.

4. The final RCNN algorithm was then applied to images that the algorithm had not seen, and it
performed very well (Figure 16).

5. The Mask R-CNN was designed to learn to predict both bounding boxes for objects as well as
masks for those detected objects. This will facilitate the development of algorithms for
species identification in later phases.

6. Inaddition to including several state-of-the-art algorithms with the ability to run and compare
them in operational pipelines, the platform contains multiple features which aid in the rapid
integration of new algorithms into the framework.

1stdebayer 279 debayer 3@ debayer Final detector
blue channel

1000

1000

1000

1000

1000

1000 O 1000 O 1000

Figure 15. Series of images processed by hand (left hand side) and predicted with subsequent versions of the R-CNN (to the right of the
first set of images) as part of the training dataset.
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Figure 16. Example paired stereo images (left and right as labelled) with fish detected (blue bounding box) by the final version of the
R-CNN.

2.2. Fish size estimation

Code to analyse the stereo image pairs was then developed to determine the size of the (fish) object
(Figure 17).

Figure 17. Final image analysis, Mark-RCNN algorithm output to size two fish based on the left and right image pairs. These gave fish
sizes of 79 and 39 cm respectively, which are too high because they were based on stereo images for which we do not have calibration
data.

19
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The algorithms require a graphics card to operate which is not available on the SBC of our camera
system. We have investigating alternatives and recently found an SBC which should work and
crucially, will fit into the existing camera housing: this is the Nvidia Jetson Nano (Figure 17). This was
delivered towards the end of the project and will be tested in due course.
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Figure 18. a) New Single board computer (Nvidia Jetson Nano), b) technical drawing (side view) of the stereo camera housing
showing the Nano in place; c) as b) but in plan view.

2.3. File transfer software

Software to write a file with the size of detected fish from the image analysis, at user set time periods,

was written (Annex 2). This text file is in accordance with the structure required by the modem
(Annex 3).
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3. Acoustic modem

3.1. Purchase a suitable underwater acoustic modem
(transmitter and receiver)

A modem was constructed by Aquatec, and delivered at the very end of the month of March 2020
after several delays due to the pandemic (Figure 19). The final system is described in Figure 20. A
text file is produced from camera system SBC as described in Section 2.3 with fish lengths at regular
time intervals. The file is then input to the modem via a cable. The modem decodes the data in the
file into an acoustic signal which is sent through the water from the transmitter to the receiver. The
receiver recodes the acoustic signal back into a computer text file. This file is then sent via a cable
from the receiver to a laptop on the vessel.

AQUAT C

Figure 19. Image of the acoustic modem transmitter {receiver. is identical). The device is 720 mm long, 165 mm in diameter and weights

14 kg in air (6 kg in sea water). It transmits at a frequency of 21-26 kHz giving it a range of 600 m. Most of the volume is occupied by
batteries which give it a life of 8 hours.

Fish size display on laptop

Acoustic
receiver

Acoustic transmitter

21-26 kHz, up to 600 m range Il ((C =i ..-J

> Right
Pair of (stereo) fish images
analysed by SBC using Al

Figure 20. Schematic showing how the modem (acoustic transmitter and receiver) integrates into the Smartrawl! system.

21



University of Aberdeen

3.2. Modem software

Software to convert the number and size of fish being observed on the stereo camera from the
modem receiver to a laptop PC on the bridge was written. This consists of a customisable bar chart
which updates with fish sizes over time (Figure 21).

§) AQUATEC GROUP LTD - AQUAmodem 2927 Client - oEN

Fish data

Number of fish

1 ] 1 1 ] | ) ) L
0 100 200 300 400 500 00 700 800 0 1000
0 100 200 300 400 S00 600 70/ 0 900 1000

Fish Sze [om]

Min =10 Clear Chant 0 Ignore 0.0 Max ~| 1000

NMEA messages

202003724 09:48:43 RX SCCSMS,0,1,1122=60 A
2020703724 09:48:43 RX SCCSMS,0,1,1122=60
202003724 09:48:43 RX SCCSMS,0,1,1122=60
2020/03724 09:48:43 RX SCCSMS,0,1,1122%60
2020-03724 09:48:40,RX.SCAFSD.0,1,11223344556677889900112233445566%7E y

Figure 21. Modem software for the interpretation of the stereo camera data on fish size: a histogram of sizes and their frequency is
updated over time. The user has options of setting the minimum and maximum fish size that is displayed (on the x axis).

4. System tests
4.1. Tests of the modem in a large water tank
The modem was tested successfully in the laboratory at the National Decommissioning Centre. This

was using a test signal rather than the fish sizes described above, because a new computer still needs
to be integrated into the camera system to enable the Al algorithm to function.
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4.2. Deployments on a small research vessel (trawler) to test and
develop the communication system

4.3. Deployments on a Scottish mixed demersal fishing trawler
operating in the North Sea or west coast of Scotland.

All tests were indefinitely postponed due to ongoing restrictions on working in the pandemic. The
modem needs to be tested in the field. It is unclear as to when this can be completed given the
ongoing situation.

5. Additional work

Given the predicted delays, and failure to recruit to the image analysis position, other work was
progressed. Note that the image analysis work was still completed by employing student workers on
a part time basis.

5.1. Building of the full-sized gate

Design inputs taken from the various stakeholders including fishermen were used to select the
preliminary design candidate from the set of design concepts proposed in the initial review. Virtual
prototypes were designed using the Computer Aided Design programme which is an example of a
simulation package. These virtual prototypes or 3D models were used to conduct structural and fluid
flow analysis, which were among the objectives of Smartrawl 2.0. The hydrodynamic load was used
to conduct further structural analysis of the prototype mechanism. After completing these steps, two
different scaled prototypes of the gate mechanism (1:4 and 1:8) were fabricated using 3D printing
which is a type of rapid prototyping. The smaller prototype, namely the 1:8 scale prototype was
tested successfully in the University’s small flume tank which provided evidence of the working proof
of concept. A second larger model (1:4) was tested in a Canadian flume tank for 4 scaled test speeds
which represented different trawling velocities (see Smartrawl 2.0 report). This test was carried out
inside a scaled trawling net which simulated the actual deployment conditions. Detailed data sets
were generated as part of this test which could be disseminated in the future. Neutral buoyancy
spheres were used to simulate the movement of fish through the net. At higher velocities it was
observed that fish traversed the gate into the cod-end of the trawl. However, a full-scale prototype
could not be built after incorporating the inferences from the flume tank tests due to several external
reasons which were beyond control. On the positive note, the potential for patenting the gate was
identified and efforts were made to progress this.

In this part of the project, a suitable trawler was identified to conduct test deployments of
the full-scale prototype. This vessel, Atlantia I, which is operated by the UHI, has different trawl
specifications from the vessel, the Sparkling Star, used for testing the stereo camera system, which
meant that the full-scale prototype required substantial modifications. The main differences
between the two vessels included trawl dimensions as well as equipment used during deployment
and retrieval. In order to maintain confidentiality with a view to protecting the IP rights to this
invention, a CDA agreement had to be signed with this provider prior to exchanging further data
regarding the gate mechanism so that UHI and the crew were able to provide feedback. Based on the
discussions, the virtual prototype of the gate was modified. One of the issues faced at this stage was
the weight of the prototype and the requirement for it to be able to withstand deployment conditions
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especially with respect to loading. Structural analysis of the virtual prototype using FEA was
conducted. Fluid flow analysis using CFD analysis was also conducted. Suitable materials had to be
identified to reduce the weight of the prototype. Once this process was completed, the material
procurement process was initiated. Parts for the gate outer structure, or the cage, have been
fabricated using an external workshop. The contract was awarded after signing a confidentiality
agreement with this supplier before any technical information could be exchanged which made the
progress slower than usual. Also, a clear window for deployment with UHI was not available in
February-March due to weather conditions, staff availability etc., which meant that the prototype
could not be deployed during this period. The onset of the pandemic slowed down progress and as a
result, only part of the fabrication was completed. However, the material required for constructing
the gate has been ordered and this has been part constructed.

At this time, the design for the static gate has been completed, along with a significant
reduction in the weight (from ~120 kg to ~40 kg) through design refinement as well as improvement
of material selection. In the current scenario, fabrication and testing appear to be delayed until
normal working conditions can be restored. However, this opportunity can be utilised to conduct
further design refinements. Also, the model proposed in January had gates which could be locked in
two positions.

5.2. Sea trials

Three sea trials of the stereo camera took place mobilizing from Fraserburgh on 13th of February
2020 on the Sparkling Star and on the 15th and 16™ December on the fishing vessel Ceol na Mara.
The camera frame was rigged into the trawl extension with a white netting background to provide
clearer images of fish based on previous experience. Two hoops were inserted at either ends of the
camera frame to keep the net open. A GoPro was rigged inside the net looking down towards the
cod-end in the February trial (see front cover). The vessel then set to sea and deployed the demersal
trawl in the Moray Firth, approximately two miles from shore, at 09:30 GMT. The camera was used
for two trawls of approximately 3 hours duration. Images were recorded from 0930 to 1520 with a
break in between to haul the cod-end. A total of 40366 images were gathered at a rate of 2 per
second. The December trials also took place in the Moray Firth and gathered 31,484 and 32,192
image pairs respectively, from each of the two camera systems.

The pandemic resulted in a long pause in the ability to go to sea. When working conditions
allowed, it became difficult to secure a vessel. The aforementioned UHI vessel was not available, at
first due to the pandemic, and then due to a lack of a skipper. A call was made via the Fisheries
Management and Conservation (FMAC) Group in October and at first this was well received with 23
vessels expressing an interest. However, when details of the charter were distributed to these, only
three provided a quote. The Ceol na Mara was chosen on the basis of value for money and logistics
given the lockdown restrictions (based in Fraserburgh).

5.3. Patent application

Descriptions of the Smartrawl ‘Gate Mechanism’ were prepared and discussed with the University’s
Commercialisation manager and the patent attorney (Murgitroyd European Patent and Trademark
Attorneys). FIS filed the initial patent application and patent search application in November 2020.
The final patent application is expected to be filed in November 2021. Further details will be provided
in Smartrawl Phase 3.0 reports.
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Annex 1. Material properties

Table 1 Specifications for AI6082 T6 from Ansys GRANTA EduPack software

GRANTRA Aluminum, 6082, Té Page 10f 5
EduPack

General information
Designation

Aluminum, 6082, T6, wrought

Condition T6 (Solution heat-treated and artificially aged)
UNS number A96082

EN name EN AW-6082 (EN AW-Al Si1Mgivin)

EN number 3.2315

Typical uses

General purpose high duty applications, structural frames, pylons, towers, bridges.

Included in Materials Data for Simulation v
Physical properties
Density 2.67e3

273e3  kgm"3

Mechanical properties

Young's modulus 70 - 74 GPa
Specific stiffness 259 - 275 MN.mkg
Yield strength (elsfc limit) 240 - 280 MPa
Tensie strength 295 - 344 MPa
Specific strength 888 - 104 kN.m/kg
Elongation 8 - 15 % strain

25



University of Aberdeen

Durability
Water (fresh) Excellent
Water (salt) Acceptable
Weak acids Excellent
Strong acids Excellent
Weak alkalis Acceptable
Strong akalis Unacceptable
Organic solvents Excellent
Oxidation at 500C Unacceptable
UV radiation (sunlight) Excellent
Galling resistance (adhesive wear) Limited use

Notes

Aluminum alloys perform poorly when self-mated but can be processed without galling when mated with steels.

Flammability Non-flammable

Corrosion resistance of metals
Stress corrosion cracking Not susceptible
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Table 2 Specifications for Stainless Steel 316L from Ansys GRANTA EduPack software

GRANTA Stainless steel, austenitic, AlSI 316L, annealed Page 1 of 12
EduPack

General information
Designation

Stainless steel, austenitic, AISI 316L, annealed, wrought

Condition Solution annealed
Physical properties
Density 787e3 - 8.07e3 ka/m"3

Mechanical properties

Young's modulus 190 - 205 GPa
Young's modulus with temperature 195 - 195 GPa
Tensile strength 485 - 560 MPa
Tensile strength with temperature 479 - 479 MPa
Durability
Water (fresh) Excellent
Water (salt) Excellent
Weak acids Excellent
Strong acids Excellent
Weak alkalis Excellent
Strong alkalis Excellent
Organic solvents Excellent
Oxidation at 500C Excellent
UV radiation (sunlight) Excellent
Galling resistance (adhesive wear) Acceptable

Notes

Aluminum bronze is the most suitable mating matenal to minimize galling.

Flammability Non-flammable
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Table 3 Specifications for High Density Polyethylene (HDPE) from Ansys GRANTA EduPack software

GRANTR High density PE Page 1 of 2
EduPack

General information
Strengths

Very cheap, good chemical and hydrolysis resistance, high impact strength at low temperatures, excellent electrical properties,
good friction and wear behavior. Better machinability, higher tensile strength (the yield strength increases roughly linearly with
density), and lower gas and aroma permeability than LDPE. Accepts a wide range of colors, has a pleasant, slightly waxy feel.

Limitations
Lower stiffness compared with PP. Burns very easily, poor UV resistance, susceptible to environmental stress cracking

(including in surfactants), worse resistance to gamma radiation than LDPE. High mold shrinkage. Low maximum
operating and heat distortion temperatures.

Designation
Polythene, Polyethene, Poly(methylene) - IUPAC Commission on Macromolecular Nomenclature.
Typical uses
Pipes, toys, bowls, buckets, milk bottles, crates, tanks, containers, fim for packaging, blown bottles for food.
Machining

Easy to machine. Care must be taken not to let the material get too hot as i is likely to become tacky due to frictional
heating. Easy to stamp (when thin walled).
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Annex 2. Computer code
A1l.1 Neural Network for fish detection

Step 1. Debayering method

debayer(}

Summary :

Function that is used to debayer raw tif fromat images and save them as jpg files

Arguments:

path_to i (PATH} -- [path to folder where images are stored]
Keyword Arguments:

path_to_save {PATH} -- [path to where images should be stored by default it is None that means
debayered files will be stored to the same dir as the raw format ones] (default: {None})

file name
image_raw . 83741 _to_i 1/{file_name}™, cv2.

rgb - cv2.cvtColor(image raw, cv2.

path_to_save:

cv2 t {path_to_save}/{file_name}.jpg", rgb)
cv2 i path_to_imgs}/{file name}.jpg”, rgb)
__name___ " _main_ ":

imagePath *left and right test/right’

debayer(imagePath)
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Step 2.

Image pre-processing

1f.add_class{"data

Fo{os.getowd{}}/
os. getowd (|
filename (os.listdir(
image_id filename[: 2]

iz_tradn i

is_train

_path
ann_path

_add_image('dataset’, image id , 4d, pat ynmototd on-ann_path)

{Filename) ¥
cantent f.readlines()

Comtent LI e(d) i 3 ip( ( x® content]
im w2 . imrea) | { { _t Filename . split{"/

width im.shape[1]
hedght im. shape[a]

content, width, height

info
path infa[ ' amn

w, h

box[1], box[3]

box[e], box[2]
masks[row_s:row e, col_s:col e,
class ids.append{sclf.cla

train_set FishDataSe:

train_set.load dataset

class_ids train_set.load mas
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Step 3. Mask R-CNN

o
ol
tqde
sml_atrae
gy
nuspey
srcen.utils
Eroen . config
mrcen _sodal

T
E- i 1V T
Zaros
asarray
Cataset
Config
s kR

FishbataSet{atasdt
def load da i f i ra
Lf.add class( dataset™, 1, “FLsh™)

F [ es. gebowd] } ] /FLsh_Txi Emg

Friek getowd () ) SFLsh Ty

1L L TogdE {0k Bl stdie]

image Ed Filanasa[= =]

i5_traim i

is_tradn

Filanase
image Ed

img path
ann_path

1 _adid_imagad] datasat’,
v Fa
(F1 Lo} £=
contant F.raadl lses] }

oot et
im

at i) |
-dea” = 0

et [l
cvi_ Emraad]”

wlifth
Badght

Em_shape[1]
. shages [£]

contant, sidih, Badght

Lo mackf £ Ty

info L. imaga_info[image 5d]

path - LsFof  assctation™]

BoGEE, W, L antract b {pat)

masks - aeros([h, w, len{boxes)]. fulntE

class_idc

L=t}
ange( Lani s Y ) ¢
boxes[ 1]
oW S, Fow_ s
col %, col_&
mackc[row cirow e, col cical e,

bax
bax[2].
L L

1]
class_lds.appand(-clf. class_nases. Endax("™F

macks, acarray(class idc, L E
rarFarance () Fa = p i
LF. imaga_inFo[isage_54]
SmcFoy " path]

tradn_set - FissbataSet()
tradn_set_ lnsd datasat(”Fish’, T 3
tradn_set . prapare])
Enid " Tradn: Lo traln_sat. isages ids})
test_set - FichDataSet()
tast set.load dataset{"Fiszh',
RSt Sat_prapans)
Enei " Tast: len(tast cat Ssage_ids))
conflg - FishComFig{)
conFig-display ()

meaiial Fack RN

tradning” .
cnn_fish_cég wl.hE",

mendiarl . Loged walghtc] sack

metal tradnftrais sat, test oot EOnFLE

-t

®_cteip{}_split(™
o . gabowd () | /Fish_twt/lege,™

Smage_id,

gl CoTtant]

:]11 ®

"3

Esh™ ¥}

]

[“mroen_class

» Fllenasa. split{~s

leglEs™, “mr

haats '}

e

bbox_fc™, “mrcnn_bies™,

~mrcnn_sack=]}
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Step 5. Function integration

ig, make prediction
process_fish
stereo_size, clb get

/Models/mask_rcnn_fish_cfg v2.h5"

PredictionConfig()

__name___ __main__ ":

clb_data - clb_get(]"./clbdata.npz")

model - MaskRCNN "inference’, m

model . load weights(
proc = set()

PATH, by name=T

file names - set{os.listdir(’./input dir'))

dif = file names.difference(proc)
proc.update(file names)
print{dif)
dif:
image dif:
left, right - make prediction{image, model, 1, CFG)
print{f"RCNN Coordinates for pictures\nleft:‘\n{left[image]}\nright:\n{right[image]}™)

left = process_fish(f'./left/{image}', left[image][@][::-1])
right = process_fish(f'./right/{image}’, right[image][@][::-1
print (f“Coordinates for pictures\nleft:\n{left}\nright:\n{
print (f"RCNN length of fish {stereo size(left, right)} cm™)

(ValueError, AttributeError, TypeError, IndexError):
print(~ERROR!!!1™)

time.sleep(2)
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Annex 3. Modem message specification

CCSMS-Send short message (around 0.75S send 1 number)

This is used to send a number from 0 to 9999 of data acoustically to another modem. This ensures the
most efficient transmission method for short message packets.

$CCSMS,0,1,XXXX*CS

XXXX four digit number in decimal

*CS Hex coded checksum

CCFSS-Send short data block (around 2.2S send 4 numbers from 0-9999 coded into two
bytes)

This is used to send a short block (4 set of 4 digit numbers) of data acoustically to another modem.
$CCFSS,0,1,0,XXXXYYYYZZZZPPPP*CS

XXXX four digit number in decimal

YYYY four digit number in decimal

ZZZZ four digit number in decimal

PPPP four digit number in decimal

*CS Hex coded checksum

CCFSD-Send data block (send more numbers from 0-9999 duration change depending on

number send but minimum more than 4 sets of numbers)

This is used to send a large block (more than 4 set of number) of data acoustically to another modem.
$CCFSD,0,1,0,LLLL,XXXX...XXXX*CS

LLLL Length =Number of set of 4 digit number divided by 2 and coded in hexadecimal value

XXXX set of 4 digit number in decimal

*CS Hex coded checksum

Note, the maximum size for the data block is 500 sets of numbers, due to internal buffer limitations.
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