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The word “video” comes from the Latin 
meaning “I see” and in this essay it is defined 
as an electronic medium displaying temporally 
consecutive images and pictures. The 
purpose of a vision system is to understand 
the surrounding environment through the 
interpretation of the images formed, either by 
the eye or through a video camera. 

The development and use of underwater 
video in marine research began in the 1950s 
and accelerated from the mid-1960s to the 
early 1970s because of a growing interest 
in oceanography. In fishing gear science, a 
breakthrough occurred from the mid-1970s to 
the 1980s when Scottish scientists developed 
diver operated and remotely controlled vehicles 
for video filming of trawls during towing. 
Remotely controlled vehicles were improved 
through the 1980s and 1990s with the great 
advantage of cable connection to the vessel 
providing many excellent video observations 
from towed fishing gear operations. However, 
the vehicles were expensive and required 
supportive equipment (crane, power supply, 
space, etc.) on the fishing vessel. Furthermore, 
they could only monitor the fishing gear from 
a distance because they had to stay outside the 
fishing nets during operation. In the 2000s, 
improved battery technology opened up new 
possibilities with the arrival of lightweight, 
rechargeable, lithium-ion batteries. This 
allowed for the creation of battery-powered 
underwater video camera devices with a 
container (for battery and recorder) separated 
from the camera, which could be positioned 
directly onto the fishing gear. Development of 
polymer materials for building the container 
and advances in electronic technology for 
(smaller) recorders steadily reduced size and 
cost. Through the last decade, a new generation 
of cheap tiny underwater cameras (C-TUCs) 
has entered the market. The target user groups 
for C-TUCs are anglers, kayakers, divers, and 
other water-related hobbyists. Because of the 
growing commercial market created by these 
recreational hobbyists, today’s cameras are 
small, cheap, and have high video quality. As a 
result, the weight and price of the C-TUCs are 

more than 50 times lower than the equipment 
used in the beginning of the 2000s, and they 
provide substantial higher image quality. 

In the slipstream of this development in 
video technology, scientists find themselves 
in a sea full of opportunities for acquiring 
new advances in fishing gear studies. This 
is why we have purchased more than 100 
C-TUCs (>15 different models) during the 
past decade, which are the focus of this essay. 
The continuous technological improvements 
in C-TUCs are not based on our science 
objectives. Therefore, scientists must adapt to 
benefit from the opportunities in this new era. 
The use of C-TUCs has several major benefits: 

• higher risk (damage or loss) can be 
taken when positioning the camera (it is 
generally high).

• fewer limitations when positioning because 
of the small size and lower weight. 

• use of multiple cameras simultaneously. 
• more frequent use because “off-the-shelf” 

cameras are becoming the new standard. 

Additionally, the improved video quality 
provides new possibilities for comprehensive 
data analysis using computer vision 
technology, which remains an underrepresented 
research area when compared to aquaculture 
and general marine biology.

In this essay, we focus on lightweight (<300 
g) and low-cost (CDN$ <1,200) C-TUCs with 
separate lighting units and mounting devices 
for both static and towed gears. Our experience 
is mainly from fishing areas in the North East 
Atlantic, the North Sea, Kattegat, Skagerrak, 
and the Baltic Sea. Over the last couple of 
years, we have collected additional information 
and inspiration from 15 commercial fishers, 
by lending them underwater video equipment 
for use on their fishing gears (static and 
towed). Our essay is pragmatic and written for 
scientists seeking new knowledge, inspiration, 
and creative inputs for the use of C-TUCs. 
We assess the performance of current camera 
technology and the future potential for the use 
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of C-TUCs. Undoubtedly, the use of C-TUCs 
in fisheries sciences has untapped potential 
that can support increased sustainability of 
commercial fisheries, where unwanted bycatch, 
climate fingerprints, and other highlighted 
issues are in focus to reach the goals set by the 
United Nations (particularly goal 14) and the 
Ocean Decade (2021-2030).

A Dive into the C-TUC World
A subset of the current commercially available 
C-TUCs is presented in Figure 1. The cameras’ 
weight ranges from 65 to 198 g in air but is 
lighter in seawater where some cameras will 
float (for example Figure 1B). Video recording, 
as reported by manufacturers, ranges from 
0.75 to 4.0 hours (Figure 1). However, the 
actual recording time may vary with battery 
age, ambient temperature, and camera settings 
(resolution, frames per second, etc.), and built-
in features (Bluetooth, depth sensors, etc.). 
Recording time can be a severe restriction 
during trials because towed gears frequently 
are fished over periods longer than four hours 
and static gears are often fished over periods 
measured in days. Additional batteries can be 

mounted on some camera types (e.g., camera 
E in Figure 1). Other types offer time-lapse 
functions that make it possible to take photos 
in time intervals, which can stretch the charge 
duration to days. Maximum operational depth 
can also be a limiting factor, with manufacturer 
guarantees from 120-250 m for some types 
(cameras A-D in Figure 1). However, some 
cameras may remain operational at depths up to 
four times deeper (Figure 1D). For some camera 
types (e.g., Figure 1E), low-cost plastic housing 
can increase the depth range by around 50 m, 
but it is also possible to acquire housings that 
allow them to be deployed at depths exceeding 
1 km (price around CDN$2,250). Cameras 
filming in 360° angles are also available (e.g., 
Figure 1F). However, the videos created using 
360° angle cameras are, at present, mainly 
suitable for providing an overview without 
too many details (our experience), but we 
are expecting future potential in this concept. 
The resolution varies from 720-2160p (p: 
progressive scan). Because water turbidity 
is often the limiting factor, the lowest 720p 
resolution provides adequate quality for many 
purposes (Figure 2A-B; Figure 3A-B).

Depth:
Weight:
Recording:
Resolution:
Price:
Product:

A) B) C) D) E) F)

250 m
155 g
2-3 hrs
2160p
CDN $1,075
Paralenz

150 m
84 g
3.5 hrs
1080p
CDN $333
Spydro

150 m
100 g
1.5-2.5 hrs
1080p
CDN $313
GOFISH

120 m
65 g
4 hrs
720p
CDN $195
WaterWolf

10
 c

m

10 m
116 g
0.75-1.5 hrs
2160p
CDN $587
GoPro Hero 7

30 m
198 g
1.2 hrs
2160p
CDN $391
Nikon 
Keymission

Figure 1: A selection of camera products on the market with information provided by the manufacturers. Maximum depth and recording 
period, weight in air is indicated. A 10 cm scale is provided (orange colour). Camera F has lenses in dual directions for 360° filming.
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A) B)

C) D)

E) F)

G) H)



The Journal of Ocean Technology, Vol. 16, No. 2, 2021   23Copyright Journal of Ocean Technology 2021

Figure 2 (opposite page): Examples of C-TUCs used on towed gears: A) Demersal trawl fished in the central North Sea, gravel and stone 
seabed, camera placed on trawl wing, depth around 15 m, no artificial light, 720p; B) Demersal trawl fished in the central North Sea, sand 
seabed, camera placed on trawl wing, depth around 15 m, no artificial light; note red gurnards in front of trawl opening, 720p; C) Demersal 
trawl fished in the central North Sea, camera placed close to head line in the central part, depth around 40 m, 1,200 lumens light with 120° 
beam angle placed 50 cm from camera; D) Danish seine fished in the Baltic Sea, depth 30 m, use of 1,000 lumens light with 12/72° (inner/
outer) beam angle and placed close to the camera; E) Codend of a Danish seine fished in the Baltic Sea, camera placed 1 m above codend by 
using floatation, depth around 15 m, no artificial light; F) Pelagic trawling after herring in the North Atlantic, 2160p, camera placed in codend 
extension, depth 150 m, use of 1,000 lumens light with beam angle 12/72° (inner/outer) and placed close to the camera; G) Codend of a trawl, 
camera placed directly on the codend, depth around 15 m, no artificial light; H) Codend a trawl, camera placed directly inside the codend in a 
drop line, depth around 15 m, no artificial light.

Figure 3: Examples of C-TUCs use 
on static gears: A) Camera placed 
directly on a fyke net fished in a 
Danish fjord, 2 m in front of net 
entrance, no artificial light, 720p, 
depth around 6-7 m; B) Identical 
with 3A but filmed 40 minutes 
later where the fyke net is lifted 
off the seabed by tidal forces 
and changed camera angle; 
C) Camera placed directly on 
commercial trammel net fished in 
the Baltic Sea, depth 5 m, 2160p, 
good sight around 6 m; D) Camera 
placed above a research gillnet 
fished in the Kattegat, position 
1 m above the net in a line and 
lifted by floatation, fish and 
invertebrates entangled, depth 
around 4 m.

A) B)

C) D)



24   The Journal of Ocean Technology, Vol. 16, No. 2, 2021 Copyright Journal of Ocean Technology 2021

Information about light sensitivity is rarely 
provided by manufacturers. For camera Figure 
1E, the light sensitivity is indicated to be 
around 0.1 Lux (depending on settings), which 
in our experience is representative for most 
types of C-TUCs. Nevertheless, this is not 
a major issue in the majority of cases since 
artificial light is required anyway because of 
depths fished in most fisheries. At depths from 
0-20 m, most cameras are functional during 
day fishing without the use of an artificial light 
source (detailed in the text below). 

In most cameras, additional features are 
frequently built-in as standards (for example, 
cameras in Figure 1A, C-F). This trend 
seems to be a priority technology in the 
development of new generation cameras. 
For the C-TUCs presented here (Figure 
1A, C-F), some available features are 
temperature sensors, conductivity (salinity) 
sensors, pressure (depth), speed, global 
positioning system (only functioning in the 
air), microphones, and wireless networking 
technology. Although some of these features 
can be useful for scientists, they can also 
be a hindrance because they shorten the 
duration of the battery. As a result, our 
approach is to switch off these applications 
and deploy separate sensors when additional 
information about the ambient environment 
is needed. Colour correction by dynamic 
digital filters is also a feature in new C-TUC 
generations. Alternatively, mountable lenses 
or software may be used to remove the 
“greenish” colour often experienced during 
underwater video recordings (Figure 2). It 
is not our experience that colour correction 
is necessary for most scientific analysis of 
video recordings. It can, however, increase 
presentation quality in the outreach face. 

Let There be Light 
A common challenge for video recording 
in the sea is the attenuation of light. Long 
wavelength colours in the red spectra are 
absorbed first, followed by yellow, green, 
and blue. In general, objects will turn more 
colourless and dimmer with increasing depth. 

Attenuation of light together with turbidity is 
mainly caused by phytoplankton, resuspension 
of sediments, and amorphous soil organic 
matter. Phytoplankton concentrations are 
controlled by nutrient load and light level in 
the upper layers, typically with peaks during 
spring and autumn (often brown- and yellow-
coloured diatoms) and with the highest levels 
in the upper layers.
 
In practice, the periods with low turbidity and 
good conditions for video filming are restricted 
to around 10% of the year in the coastal and 
central-southern parts of the North Sea. These 
parts are influenced by tidal forces and wind, 
whereas deeper areas (>50 m) in the Northern 
North Sea, Kattegat, Skagerrak, and the Baltic 
Sea have relatively low turbidity and filming 
is possibly most of the year. Figure 3A-B 
demonstrates how ambient light can change 
during a recording session. 
 
In our experience, the depth limit for recording 
without the use of artificial light, for the 
C-TUCS presented in Figure 1, is around 
20 m. Examples of recordings at 15-20 m in 
daylight without artificial light are provided for 
trawl fishing in Figure 2 (A, B, E, G, H), and 
for fishing with static gears in Figure 3. The 
maximum visibility is around 10 m in picture 
Figure 2A (judged from known dimensions of 
the gear), but important details involving fish 
and invertebrates are difficult to identify when 
the distance is more than 5 metres.
 
In most cases, artificial lights are a necessity 
when filming fishing gears. Luckily for 
scientists, there is a continuous development in 
light units because of increased use of C-TUCs 
for diving purposes. A major disadvantage, 
however, is that light may affect animal 
behaviour, restricting the use of observations for 
some scientific studies. External light sources 
with infrared or flashing lights may reduce the 
behavioural effect but are not currently available 
at low costs. Some of the C-TUCs presented 
here (Figure 1C-D) are designed with a light-
emitting diode (LED), but with very low light 
intensity and reduced energy usage for filming.
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Depth:
Weight:
Lumens
Beam:
Light:
Price:
Product:

150 m
48 g
630
15-60°
1.15 hrs
CDN $69
OrcaTorch
D560

100 m
129 g
120-1200
120°
2.0 hrs
CDN $235
Bigblue 
Molly 3

100 m
226 g
2600
120°
2.0 hrs
CDN $469
Bigblue 
Molly 3

150 m
114 g
1000
12-72°
2.0 hrs
CDN $137
OrcaTorch
D520

10
 c

m

87 m
251 g
5000
120°
1.33 hrs
CDN $625
Anchor 5K

200 m
250 g
2100
80°
1.5 hrs
CDN $130
TillyTec

An important issue concerning research 
objectives is the beam angle of the light. Figure 
2C shows a wide (120°) beam angle, giving a 
good overview of the trawl entrance. Figure 2D 
shows a narrow (72°) beam angle with an inner 
beam (12°), increasing the focus on the ground 
gear in a Danish seine. Figure 2F shows a 
concentrated (72°) focus, giving a long view of 
meshes and fish close to them in a pelagic trawl. 
 
The position of light sources is important 
because of backscatter from particles in the 
water (Figure 2D). Here it is particularly 
important to consider the position of the light 
source in relation to the camera, but also the 
beam angle and strength of the light in the 
near field of the camera. Backscatter can be 
reduced by positioning the light a little away 
from the camera (around 50 cm) and often 
behind the camera.

There are many products available and here 
we demonstrate a range of different options 
(Figure 4). In general, the overall size and 
weight are determined by the battery size, 
which is dependent on the light intensity 
(lumens). In some models, the intensity is 
adjustable (Figure 4C) and 50% reductions 
in lumens will more than double the burning 
period. On some models, additional batteries 
can be mounted (Figure 4E). This, however, 
will increase the weight substantially. The 
burning time is a severe restriction. Although 
battery and LED technology are continuously 
improved, an increased burning period is not a 
priority in the next generation of external light 
sources, which are primarily directed towards 
diving. Our experience is that light with 
1,200 lumens is sufficient for many purposes 
(for example, Figure 2C), but for some cases 
stronger intensity may definitely be preferable. 

Figure 4: A selection of light products on the market with information provided by the manufacturers. Depth indicates the maximum depth, 
weight is in air, lumens is amount of light emitted, and light (burning time) indicates the maximum or an adjustable interval (C). Two beam 
angles (A, B) when there is an inner and outer beam (see Figure 2D).

A) B) C) D) E) F)
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Mounting C-TUCs with Creativity 
Placing cameras securely and in a good 
position for observing fishing gears is 
a challenge with few relevant products 
available, and creativity is a must for a 
successful scientist. The net is dynamic 
and will change shape during the fishing 
operation. The hydrodynamic forces are 
large, and the movements of fishing gears 
provide a very unstable platform. 

We have illustrated some of our creative 
ideas in Figure 5 (mounted for illustration, 
not final use). Quick mounting and removing 
are essential because the cameras often have 
to be handled fast during setting or haulback. 
For this purpose, carabiners, strips, and 
rubber bands can be useful (Figure 5F-G). 
Dynamic attachments responding to changes 
in forces can be mitigated by the use of 
rubber straps, strips with variable breaking 
strength with one strong fixing point (e.g., 
strips do not break at the same time), security 
lines on the most valuable equipment, and 
ensuring that the size of the camera unit is 
larger than the mesh size when used inside 
a towed gear so it can be retrieved with the 
catch (this saved many cameras). 

Entanglement avoidance is also important 
and we, therefore, developed several devices 
with rounded bars (jellyfish shaped) that will 
not get entangled in meshes and also offer 
protection for the camera and light units 
(Figure 5A-C). Simple mounting approaches 
like attaching the camera directly onto the 
net using strips (see Figures 2G, 3C) or 
rubber bands (Figure 5F-lower) can be the 
first choice for many purposes and, with 
creativity, slight angling of the camera and 
light is possible. 

Position of the light source at a distance from 
the camera to reduce backscatter can be done 
by separate mounting devices or one elongated 
device unit (Figure 5C, E). Stereo cameras 
for advanced analysis like motion tracking or 
geometrical and spatial size estimation (see 
next section) may be used in a simple device 
(Figure 5E; price around CDN$22). 

Filming inside a towed fishing gear is often 
highly desirable (see Figure 2F, H) and we 
developed devices as an alternative to cutting 
through the netting (Figure 5A-C, F). The 
stick devices allow us to lower the camera 
and light units through meshes into the fishing 
gear (Figure 5A-C). The use of double sticks 
(Figure 5C) ensures a certain distance between 
the camera and the light source. Cameras 
can be used inside and outside meshes 
simultaneously with the jellyfish devices 
(Figure 5A-C). Alternatively, cameras may 
be lowered down inside the gear by a line 
since several cameras are constructed with 
attachment points (Figure 1B-D). To stabilize 
and control depth, a camera with small wings 
(Figure 1D), attachable small paravans (Figure 
5F), or heavy (weight) units can be used. 

For observing ground gear of towed fishing 
gears (Figure 2D) or above static gears 
(Figure 3D), we attach floats (Figure 5F-G). 
A visible line may be used as a visual fix 
point (Figure 2D). Fluorocarbon lines with the 
refraction close to water may be used for low 
visibility of the line (Figure 3D). Stabilization 
of the camera is very useful on towed fishing 
gears (like wings, two attachment lines, or 
large buoyancy), but also on static gears as 
tidal movements can easily make continuous 
movements of the camera. Swivels can be 
used to avoid line twisting (Figure 5F). 

Figure 5 (opposite page): Examples of creative devices for camera and light mounting, attachment of cameras and light for illustrative 
purpose (not ready for use). A) A homemade, jellyfish shaped C-TUC platform (diameter 18 cm) to be placed on netting, circular bars to avoid 
net entangling, a mountable stick to penetrate netting (around 30 cm long), cameras and light placed on the top platform and on the stick; 
B) Identical to 5A but placed on 70 mm mesh size netting with the stick penetrating; C) A double C-TUC platform with two connected bars 
(diameter 10 cm, total length 40 cm), two mountable sticks (around 30 cm long) attached for net penetration, camera and light placed on the 
top (above the netting) and on sticks, a yellow CTD (conductivity, temperature, depth) sensor attached; D) A magnet for industrial purposes 
(diameter 10 cm, drag force around 100 kg, price around CDN$45) for mounting cameras on trawl doors; E) Tube unit for stereo camera setup 
or stereo lights, made from fishing rod holder (price CDN$23); F) C-TUC attached with swivels to diver disc for stabilizing and control depth, 
and lower right is C-TUC attached to rubber band for fast mounting; G) C-TUCs and light mounted for floating above the fishing gear.



The Journal of Ocean Technology, Vol. 16, No. 2, 2021   27Copyright Journal of Ocean Technology 2021

A) B)

C)

D)

E)

F) G)
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Analyzing C-TUC Data – A New Challenge 
for the Ambitious Scientist
With improved video film quality and 
increased use of C-TUCs, the challenge is to 
incorporate and utilize the many possibilities 
of automated analysis, e.g., by the use of 
computer vision. This allows scientists to 
extract high level information and leave the 
widely used qualitative, and often subjective, 
manual scientific reporting.

Human vision is a strong tool on its own 
that can bring the fishing gear scientist very 
far by use of stronger analytic approaches. 
Use of an ethogram, which is a table of all 
behaviours of interest observed in the study 
species, is well described and a widely used 
method for studying animal behaviour in 
terrestrial environments. This is an obvious 
and useful scientific method for studying 
animal interactions with fishing gears. The 
C-TUCs offer the tools for this method but 
experimental design should be tightened 
compared to the majority of present studies, 
particularly concerning mounting and 
predefined behavioural units. 

On the more advanced side, computer 
vision is a research discipline that is gaining 
increasing focus within several fields of 
marine science. It is an interdisciplinary 
field that deals with how computers can 
gain high-level understanding from digital 
images or videos, seeking to understand and 
automate tasks that the human visual system 
can accomplish. A substantial part of marine 
computer vision research has been conducted 
in relation to aquaculture in relatively 
controlled environments compared to fishing. 
The potential of computer vision technology 
is, nevertheless, tremendous in relation to the 
future development of sustainable fisheries. 
Currently, some of the most crucial tasks in 
fisheries include species and size recognition 
in demersal trawls due to the high bycatch 
rates. However, such tasks are also some of the 
hardest to automate due to the turbidity caused 
by seabed contact and the movement of the 
trawls. Therefore, it is of utter importance that 

more attention is paid to this research field. 
A rapidly growing field of research in marine 
biology is automated contrast analysis for 
seabed mapping, which is also highly relevant 
in relation to fishing gears, and for seabed 
protection, and is currently possible with 
C-TUCs and available software solutions.

The necessary quality of a recording is 
dependent on what the goal is, of the choice 
of C-TUC, and artificial light units. Moreover, 
the camera settings also play a critical role 
in getting the highest outcome of recording 
settings. The most common goals when 
recording fishing gear operations include 
object detection, object classification, 3D 
reconstruction, and object tracking. To 
minimize data storage and increase available 
recording time, there are some basic rules that 
apply for both manual visual inspection and 
automated analysis using computer vision: 

• Detection: simple tasks, such as 
determining whether there are objects of 
interest within the frame, where resolution 
and frame rate can be kept low and 
compression can be used.

• Classification: species recognition and 
general utilization of visual cues, where 
resolution is critical, the frame rate can 
be kept low, and compression should 
generally be avoided. 

• 3D Reconstruction: the size of objects can 
be estimated using two ordinary cameras in 
a calibrated and synchronized stereo setup 
where resolution is critical, where frame 
rate can be kept low, and compression 
should be avoided. 

• Tracking: can be used for enhanced 
counting and behavioural analysis where 
resolution and compression are less 
critical, but frame rate should be high.

Currently, artificial neural networks are 
dominating nearly every field of computer 
vision and they are used for detection, 
classification, tracking, and more. Artificial 
neural networks are machine learning 
algorithms that can learn from data in a way 
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that, to some degree, resembles the way the 
human brain learns. High quality annotated 
datasets are essential in the development 
of computer vision based methods, but 
especially for data-driven methods such as 
artificial neural networks. Therefore, it is a 
severely limiting factor that there are very 
few (if any) public annotated datasets from 
fisheries. Depending on the task at hand, there 
are different ways of annotating datasets, 
which includes spatiotemporal labelling of 
every object in every image of a sequence 
for multi-object tracking or species labelled 
image databases for detection tasks. It is 
time-consuming and tedious to annotate such 
datasets, but it is also essential. Within other 
fields of biology, such as re-identification of 
terrestrial animals or whales, datasets have 
been published for several years in the form 
of challenges or benchmarks that encourage 
computer vision experts to develop algorithms 
and beat the performance of other proposed 
methods. With the expanding use of C-TUCs, 
we strongly recommend that more attention be 
paid to this issue and we advocate that future 
datasets from fisheries are made publicly 
available, e.g., in the form of challenges or 
benchmarks to increase the interest in the field.

Final Remarks
We expect that future technical improvements 
of C-TUCs primarily will arrive from the 
expanding market supplying recreational 
activities, and that scientists will have to 
adapt with creativity to benefit from this 
development. Some improvements might, 
however, arrive for the growing interest in 
citizen science where the public (divers, 
etc.) can help scientists in collecting data. 
Commercially available C-TUCs are already 
tiny and inexpensive. We, therefore, do not 
expect any major developments in these areas. 
The development will most likely go towards 
built-in features that are not necessarily to the 
benefit of scientists because it reduces battery 
capacity for filming. Increased filming duration 
is not a major priority for manufacturers but 
some improvements are expected. Optical 
lenses will be improved but the quality is 

already high for most scientific uses, where 
turbidity is a key challenge, and even a 
substantial reduction in light sensitivity will not 
help a lot in the majority of fisheries. However, 
for advanced computer vision analysis, this 
could increase performance and possibilities. 
When it comes to lights, we expect continuous 
improvements on the battery side. Regardless, 
the use of artificial lights is still a limitation 
for animal behaviour studies. For lights, we 
would expect that continuous improvements in 
battery size might increase the size and burning 
time. Mounting devices will be constructed for 
increased use of video filming for quantitative 
estimates. In particular, we identify stereo 
camera technology (3D depth cameras) as one 
area to improve for recreational purposes. Also 
sonar or range-gated time-of-flight cameras 
that are capable of obtaining visual information 
of objects otherwise clouded by turbidity will 
be available on the market but likely not at 
low prices. This allows for the development of 
more robust computer vision algorithms and, 
thereby, stronger quantitative and qualitative 
investigations. However, a prerequisite for 
fulfilling this scenario is the availability of 
annotated datasets, as they are the cornerstone 
of the current data-driven, machine learning 
based methods.  u
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