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1. Overview 

This engineering training handbook documents the comprehensive two-week training school 
conducted as part of the TWILIGHTED (TWInning Laboratory for an Innovative Global Hub To 
Explore the Deep) project. It is designed as a guide or source of ideas for other training 
programmes seeking to introduce state-of-the-art technologies used in deep-sea research. 
Although specific to the training conducted at NTNU through TWILIGHTED, we hope this 
overview serves as a practical example to other institutions hoping to grow their knowledge of 
deep-sea research techniques. We encourage other institutes to adapt this training to their own 
context, available expertise and resourcing.  
 
1.1. Project introduction 

TWILIGHTED is a Horizon Europe Twinning project that seeks to revolutionize deep-sea 
research, development and innovation (RD&I) in Portugal, ultimately benefiting all of Europe. 
Collaborating closely with GEOMAR (Germany) and NTNU (Norway), TWILIGHTED aims to 
transform ARDITI (Madeira, Portugal) into a global hub for deep-sea RD&I. Focusing on the 
Mesophotic Zone (40-200 m) and the Twilight Zone (200-1,000 m), and capitalizing on Madeira's 
unique proximity to deep waters, TWILIGHTED will help accelerate our global understanding of 
the ocean and its essential role in sustaining life on earth.  
 
TWILIGHTED’s key objectives are to: (1) Collaborate across research institutes in Europe, (2) 
Elevate the research profile of Portugal and especially the European Outermost Region of 
Madeira, (3) Innovate low-cost alternatives to state-of-the-art deep-sea research technologies, (4) 
Democratize deep-sea research, (5) Globalize deep-sea RD&I and (6) Share ocean science 
across stakeholders.  
 
To achieve its objectives, TWILIGHTED will adopt state-of-the-art approaches to training and 
networking. Development activities include staff exchanges, expert visits, training schools, joint 
research missions, the International Twilighted Conference and novel cross-sector workshops 
stimulating creativity in solving the ocean’s greatest challenges (the Impossible Things 
Workshops). Such capacity-building will not only catalyze deep-sea RD&I in Madeira but also 
ensure a lasting impact on the deep-sea scientific landscape, sustainable ocean policy, and 
Madeira’s socioeconomic development. 
 
 

2. The TWILIGHTED technology training school 

2. 1 Description 

The TWILIGHTED Technology Training School was a two-week course organized for students, 
early career researchers and experienced researchers at ARDITI and GEOMAR looking to 
enhance their knowledge of technologies used in deep-sea research. The school was organized 
and hosted by NTNU scientists, engineers and PhD candidates. The specific goals of the training 
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school were to introduce participants to acoustic sampling, remote vehicles for subsea exploration 
(including acoustics instrumentation, imaging systems, AUV, USV) and equipment handling 
techniques. The program consisted of two parts: an at-sea session aboard NTNU’s Research 
Vessel, R/V Gunnerus (Sept 16-19) and a classroom and field-based training at the NTNU Sletvik 
Field Station (Sept 22-25). This manual covers the two main themes addressed during the 
training: (1) the basics of acoustic instrumentation and analysis, and (2) Autonomous and 
Remotely Operated Vehicles (AUV and ROV). All training materials are publicly available to 
support skill and knowledge transfers. 
 
2.2 Hosts and lecturers 

 

 

Ana Širović  
Professor in marine bioacoustics at NTNU (Marine 
Bioacoustics and Ecology Lab, MBEL) 

 

Emilie Rojas 
Post-Doc in marine bioacoustics at NTNU (Marine 
Bioacoustics and Ecology Lab, MBEL) 

 

Justine Courboulès 
Post-Doc in plankton ecology and marine bioacoustics at 
NTNU (Marine Bioacoustics and Ecology Lab, MBEL) 
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Alexandra Constaratas 
PhD Candidate in marine bioacoustics at NTNU (Marine 
Bioacoustics and Ecology Lab, MBEL) 

 

Martin Ludvigsen  
Professor and manager of the Applied Underwater 
Laboratory (AUR-Lab) at the Department of Marine 
Technology NTNU 

 

Ahmed Abdelgayed 
PhD candidate in marine robotics at NTNU, Department 
of Marine Technology. 

 

Hassan Elkholy 
PhD candidate, Department of Marine Technology, 
NTNU 

https://www.ntnu.no/aur-lab
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Onurcan Köken 
PhD candidate in underwater robotics at the Department 
of Marine Technology, NTNU 

 

Sebastian Sikora 
Senior engineer in the Applied Underwater Laboratory 
(AUR-Lab) at the Department of Marine Technology 
NTNU 

 

Pedro De La Torre 
Senior engineer in the Applied Underwater Laboratory 
(AUR-Lab) at the Department of Marine Technology 
NTNU 

 
 
2.3 Training school Program 

The technology training school took place from September 16 to 25, 2025 in Trondheim and 
Sletvik, Norway. The training program is outlined in Table 2.3a. See Appendix I for a detailed 
agenda.  
 
Table 2.3a Technology training school program 

Date Activity Activity leader(s) 

Tue, 16- Wed, 17 Sept Deployment of acoustic instruments at 
TBS FjordLab node 

A Širović, M 
Ludvigsen, A 
Vasilijević 

https://www.ntnu.no/aur-lab
https://www.ntnu.no/aur-lab
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Thu, 18 Sept 
 

Coral sampling and imaging J Jaernegren, L van 
Giesen 

Fri, 19 Sept Sediment core sampling M Ludvigsen, M 
van Ardelan 

Sun, 21 Sept Arrival at Sletvik field station A Širović 

Mon, 22 Sept Acoustic instrumentation: constraints, 
considerations, options. Hands-on 
session. 

A Širović 

Tue, 23 Sept Acoustic analysis software: tools and 
techniques. Hands-on session. 

A Širović 

Wed, 24 Sept Deployment or AUVs. Data collection and 
interpretation of data. 

M Ludvigsen 

Thu, 25 Sept Deployment or ROVs. Data collection and 
interpretation of data. 

M Ludvigsen 

 
 

3. Deep-sea technology themes 

The main deep-sea technology themes covered in the TWILIGHTED Technology Training 
School and in this guide are acoustic instrumentation, acoustic data analysis and remotely-
operated and autonomous underwater vehicles (ROVs / AUVs). 
 
3.1 Acoustic instrumentation and analysis 

The main takeaways in this theme are:  
● How to choose the acoustic recorders that suit your scientific question and budget 
● How to deploy acoustic recorders (set-up, calibration and key recording parameters) 
● Basics of visualizing and extracting passive acoustic data 
● Basics in detection and classification of echolocation clicks 

 
Short description and relevance of the theme 

In this theme, we covered passive acoustic data acquisition and instrument considerations, 
state-of-the-art in passive acoustic data processing methodologies and hands-on passive 
acoustic data processing. Participants had hands-on training on a variety of passive 
acoustic systems such as SoundTrap, icListen and SonoVaults, and exposure to state-of-the-art 
data analysis tools. 
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Underwater soundscape: sources and impact 
This session provided participants with an introduction to the underwater soundscape, 
categorizing noise according to the Wenz curve, which defines typical ambient noise contributions 
based on frequency. We focused on the three categories of sound: Biophony (sounds generated 
by living organisms, such as whales, dolphins, fish or crustaceans, used for critical behaviors like 
communication and foraging); Anthropophony (sounds generated by human activities, primarily 
vessels, which causes masking and reduces the communication space for marine animals); and 
Geophony (natural, non-biological sounds like rain, wind, and seismic events) (Figure 1). 
Understanding these sources is crucial for interpreting ambient noise measurements taken during 
the at-sea session and contextualizing any detected biological signals. Ultimately, the session 
illustrated how acoustic signals convey information about sender identity and behavioral context, 
emphasizing the need to monitor and mitigate human-made noise impacts on the marine 
environment (See details in Appendix 2 Part 1). 

 

Figure 1. Lecture on underwater soundscape 

Acoustic instrumentation 
This module covered the fundamental principles and limitations of both passive and active 
acoustic instruments, which is essential knowledge for deciding on the equipment needed for 
given tasks. It also provided context for the choice of acoustic recorders used during the workshop 
(e.g., icListen, WBAT) (See  Appendix 2 Part 2A). Participants learned the critical function of 
hydrophones and data loggers: converting sound pressure in the water (µPa) into a measurable 
voltage, and finally into digital data. A key focus was on the necessary trade-offs when selecting 
instrumentation, considering factors like battery autonomy, storage capacity, operational depth, 
dynamic range, and the instrument's frequency sensitivity. The session specifically compared low-
cost and high-cost hydrophones (such as HydroMoth, SoundTrap, icListen, and Sonovault), 
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discussing which instrument is best suited for a particular monitoring task and how deployment 
costs vary (See Appendix 2 Part 2B). 
 
The practical component of this session involved a hands-on familiarization for participants with 
a variety of passive acoustic recorders, such as the icListen, SoundTrap, and Sonovault systems 
(Figure 2). They were then guided through the essential steps of setting up the recording 
parameters on the computer and connecting the instruments, effectively preparing them for the 
subsequent at-sea deployment mission. The theoretical part also differentiated between Passive 
Acoustic Monitoring (PAM), which records ambient sounds (biological, geophysical, and 
anthropogenic), and active acoustics (i.e. echosounders), which uses emitted sounds to 
interrogate the environment. This active approach allows for the classification of scattering 
organisms (like zooplankton and fish) in the water column by comparing acoustic signatures to 
theoretical models. 
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Figure 2. Familiarization with the Sonovault system 

Hydrophones test deployment  

After the acoustic instrument lecture, 
participants conducted a short field 
deployment in the Hopavågen lagoon, 
deploying one icListen and one SoundTrap 
hydrophone using a low-cost deployment set 
up: rope, cement anchors and zip ties (Figure 
3). Instruments were deployed from a small 
boat and left to record during the night to 
capture and analyse the lagoon soundscapes, 
providing a realistic demonstration of PAM 
techniques.  
 

 
Figure 3. Illustration of the deployment setup 
with a Soundtrap (A) and an icListen (B) 
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3.2 Acoustic data processing and analysis 

This theme detailed the theoretical foundation for understanding and analyzing the acoustic data 
collected during the training, combining the study of natural and anthropogenic sound sources 
with the necessary data processing methodologies. 

Basic analysis of acoustic recordings 

To ensure high-quality and interpretable results, robust analysis of acoustic recordings is 
essential. This session guided participants through handling raw hydrophone data and extracting 
meaningful information from marine soundscape (See Appendix 2 Part 3). We reviewed the 
process of converting sound from an analog to a digital signal, emphasizing key parameters for 
high-quality recordings such as sampling rate and bit depth. Building on the main properties of 
sound (amplitude, frequency, and time) we explained how complex waves are decomposed 
through the Discrete Fourier Transform (DFT) to create spectrograms, and discussed the 
importance of adjusting window length and overlap settings. Spectrograms were then generated 
in several common software environments (RStudio, Triton, Raven Light, Adobe Audition, 
Audacity) to compare how open-source and commercial software visualize and process acoustic 
data, and to explore how parameter tuning affects analytical outcomes (example on Figure 4). 
Then, recordings collected from the hydrophone deployed in the lagoon were visualized to 
examine the different components of the soundscape, distinguishing between biophony, 
anthropophony and geophony.  
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Figure 4. Example of basic acoustic analysis on Matlab 

Automated detection and classification of signals 

The shift from manual review to automated analysis is necessary to process the vast quantities 
of data often collected by PAM. This session focused on the methodologies and statistical rigor 
required for automated detection and classification of acoustic signals. The process begins with 
the development of a groundtruth, manually labeled data that is essential for training and 
evaluating automated processing models (learners/classifiers). Participants were introduced to 
key classification terminology (class, feature, label) and learned how models are assessed 
statistically (See Appendix 2 Part 4). A variety of model evaluation tools, including the confusion 
matrix, ROC/DET curves, and precision-recall (PR) curves, were presented to measure a 
classifier's performance and accuracy against the ground truth, acknowledging the complexities 
introduced by the natural variability of animal calls. This knowledge prepared participants to apply 
rigorous methods to the workshop data, ensuring sound scientific conclusions. 
 
Unsupervised clustering on long-term acoustic data is an effective way to obtain information about 
the data content and to conduct first-order identification of the species present in the recordings. 
The clustered data can then be labeled and the performance of the clustering step can be 
evaluated against annotated data. This session guided participants through using Triton, a 
MATLAB-based program, along with two Triton add-ons (remoras): SPICE detector for automated 
click detection and ClusterTool for unsupervised clustering of detected clicks (See Appendix 2 
Part 5). We explained how these two remoras work and described the different parameters the 
participants could adjust. The participants ran SPICE detector to detect the echolocation clicks in 
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a small acoustic dataset, followed by ClusterTool to bin and cluster the data so that similar clicks 
were grouped together. The outputs obtained by the participants included spectrograms, average 
waveforms, average spectra and interclick interval (ICI) histograms. We provided the participants 
with necessary background information from the literature so they could label the clustered data 
accordingly. Finally, the participants used a MATLAB script and existing annotated data to 
evaluate how well the clustered data match the annotated. 
 
Key instruments and software 

Acoustic recording system: 
- Laptop (preferably a Windows system) 
- SoundTrap (need an USB connector on the laptop) and SoundTrap Host software 

available on website https://www.oceaninstruments.co.nz/downloads/   
- icListen and Marco software provided with the hydrophone (need an ethernet connection 

on the laptop), see more information in this website: https://oceansonics.com/marco/  
 

 
Software for acoustic analysis: 

- TRITON Software Package (require MATLAB software) available from 
https://github.com/MarineBioAcousticsRC/Triton 

- RStudio (open-source) software available from  
https://github.com/rstudio/rstudio  

- Raven Light (open-source) available from https://www.ravensoundsoftware.com/raven-
lite-downloads/ 

- Audacity (open-source) software available from: 
https://www.audacityteam.org/download/  

- Adobe Audition software available from https://www.adobe.com/products/audition.html#  
 
 
3.3 Autonomous and Remotely Operated Vehicles (AUV and ROV) 

The main takeaways in this theme are: 

● Learn how to prepare and mobilize a work-class ROV onboard a research vessel (or any 
vessel of opportunity) for field operations, including adherence to protocols and 
completion of safe-job analyses. 

● Gain experience in operating both work-class and observation-class ROVs in relevant 
scenarios, such as: 

○ Technology: deployment and recovery of subsea structures 
○ Biology/Ecology: species sampling (e.g., deep-sea corals) 

Geochemistry: sediment sampling 
 

● Learn how to prepare and operate autonomous vehicles, both underwater and surface 
platforms. 

https://www.oceaninstruments.co.nz/downloads/
https://oceansonics.com/marco/
https://github.com/MarineBioAcousticsRC/Triton
https://github.com/rstudio/rstudio
https://www.ravensoundsoftware.com/raven-lite-downloads/
https://www.ravensoundsoftware.com/raven-lite-downloads/
https://www.audacityteam.org/download/
https://www.adobe.com/products/audition.html
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● Develop skills in post-mission workflows, including processing mission data and 
performing essential data-quality checks. 

● Observe a range of operations carried out under different operating conditions and 
sampling regimes. 

Marine and Underwater Vehicles operated and demonstrated during the training 

Minerva II (ROV) 

● The ROV Minerva is a work-class remotely operated vehicle, designed to give scientists 
direct access to the seafloor for sampling, observations and experimental tasks. 

● Key specs: ~2400 kg in air, operational depth up to 3000 m, payload ~250 kg, and 
equipped with 7 × 15 kW thrusters, 7- and 5-function manipulators, HD + 4K cameras, 
sonar, and navigation systems (DVL, IMU, HiPAP). 

● Use cases: deep-sea sampling, seabed (habitat) mapping, underwater infrastructure 
inspection, intervention – manipulator based tasks, close-range observations, 
engineering research (e.g. control systems, autonomy development). 

Blueye (ROV) 

● Blueye is an observation class ROV. The AURLab fleet of these ROVs includes various 
generations (e.g. “Pioneer”, “X3”, “Pro”) and can be outfitted with external sensors: 
camera(s), lights, and optionally sonar, DVL, USBL, and other instruments. It is compact, 
user-friendly, and ideal for rapid visual inspections in shallow to moderate depths. 

● Recently, AURLab worked on transforming Blueye from tethered ROV into a fully 
autonomous underwater vehicle (AUV) for subsea residency application. This work was 
demonstrated during the training. 

● Use cases: environmental monitoring, remote ecosystem observation, underwater 
infrastructure inspections (e.g. cables or pipelines), long-term autonomous missions, 
convenient for education purposes 

LAUVs (Light Autonomous Underwater Vehicles) 

● LAUV is light autonomous underwater vehicle from OceanScan Portugal. It is cost-
effective, portable, robust platform often used in collaborative multi-vehicle research. 

● Specs & sensors: depth rating 100 or 200 m (depending on specific AUV); battery-
powered (Li-ion); typical speed 1.0–2.0 m/s. Onboard sensors/payload differs from 
platform to platform and can include a sidescan sonar, a multibeam sonar, DVL, forward-
looking sonar, CTD sensor, IMU, and a computing core as a back seat driver- 

● Use cases: medium-depth seabed mapping, bathymetry or seabed surveys, ecological 
habitat mapping, baseline environmental monitoring, and long-duration autonomous 
deployments (within depth/battery limits). 

● Two different LAUVs were used during the exercises: LAUV Fridtjof (equipped with a 
side-scan sonar payload for seabed mapping) and LAUV Thor (equipped with a water-
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column monitoring payload, including CTD, chlorophyll sensors, and the SilCam 
system). 

USV Grethe (Unmanned Surface Vehicle) 

● USV Grethe is an autonomous electric-powered surface vessel operated by AUR-Lab. It 
is built in durable plastic to handle rough treatment and weather. 

● It serves as a platform for sensors, both above and below water. Grethe has three 
moonpools for deployment of various instruments and A-frame on the aft for sensors 
with a direct view of the sky (satellite communications, atmospheric sensors, etc.). 

● Use cases: acting as sensor platform, surface-to-underwater communication relay, 
environmental monitoring etc.  

Short description and relevance of the theme 

This theme provided intensive hands-on training split between two sessions: a week at sea 
aboard the research vessel RV Gunnerus and two days at the Slettvik field station. The extended 
sea-based training focused on Remotely Operated Vehicle (ROV) deployment from the RV 
Gunnerus. These shipboard operations were vital for a variety of tasks, notably assisting with the 
deployment of a hydrophone, conducting deep-sea coral sampling, and performing sediment 
collection. At the Slettvik field station, the focus shifted to the hands-on operation of one-man 
portable vehicles, encompassing both ROVs and Autonomous Underwater Vehicles (AUVs). 
Training utilized the Blueye X3 ROV and the OceanScan LAUV, ensuring participants received 
in-depth experience with diverse field platforms. Participants gained comprehensive operational 
insights covering vehicle preparation, deployment, operation, recovery, and post-mission data 
quality checks throughout both the ship-based and field station activities. 
 
Part 1: The cruise in Trondheim: RV Gunnerus and working-class ROV 

The cruise in the fjord of Trondheim was an interdisciplinary show of the research potential that 
remote operations and unmanned vehicles can enable.  
 
Day 1: Installation of an instrument rig structure. The participants had the opportunity to join 
the planning and execution of the installment of a structure in the sea bottom. The structure, also 
known as the instrument rig, is equipped with multiple scientific sensors (Figure 5). These include 
current measurement, positioning systems and environmental monitoring sensors. The 
participants were explained how the sensors work and why they are on the rig. Routines for risk 
assessment, planning of safe work and communications protocols were a very important part of 
the day’s agenda. The activity revealed some of the challenges of installing subsea structures. 
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Figure 5. ROV MInerva control room during the deployment of the subsea structure (instrument 
rig) and a hydrophone.  
 
Day 2:  Second structure installed. The second instrument rig served the purpose of testing the 
concept of robot residency, i.e., enabling a vehicle to be operated from a station at land, while the 
vehicle “resides” subsea as long as possible. The activity provided a realistic scenario to 
understand the infrastructure requirements to achieve this goal. The ultimate goal, after 
connecting all the subsea installations, was to inspect the installation with the resident vehicle 
itself.  
 
Day 3: Using ROVs for research: coral ecology. During day 3, the use of a research vessel 
and a working class ROV was demonstrated as a tool for research in natural sciences, or more 
specifically for coral ecology. The ROV was used to sample deep sea corals and bring them to 
the surface. Different sampling techniques were demonstrated, such as picking up the fragile 
corals with powerful ROV manipulators as a very delicate intervention task or sampling using a 
landing net. Coral samples were collected to assess human-induced environmental stress and to 
document the natural in-situ habitat of the reef located at a depth of 70–200 m. 

Day 4: Using ROVs for research: marine geology and chemistry. This training day focused 
on using ROVs to explore marine geology and chemistry. A range of instruments for collecting 
sediment samples from the seafloor was brought on board Gunnerus. The team demonstrated 
the use of corers, grabs, and various sonar and navigation systems to support effective sampling. 
Some instruments were deployed from the surface, while others were operated using the ROV. 
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As it was the final day of the cruise, the team from Madeira and the local team also worked 
together to demobilize the ROV from the vessel, a process with its own safety planning 
requirements, which marked the official conclusion of the expedition. 

Part 2: Fieldwork at Sletvik  

Two days at the Sletvik research station allowed to demonstrate in a geographically constrained 
environment the principles of operation of AUVs, portable observation-class ROVs and an 
underwater surface vehicle (USV). Starting early in the morning the participants of the campaign 
contributed in developing the daily plan and programming robot missions to illustrate the concept 
of autonomous operations.  
 
AUV training 
The AUV training was conducted using LAUV vehicles, which are relatively lightweight systems 
that can be carried by two people and easily deployed into the water. During mission preparation, 
participants were guided on how to install necessary software and introduced to the concept of 
ultra-short baseline, USBL-based localization and path planning (See Appendix 3 Part 1 & 2). 
They were familiarized with the overall LAUV system, and an important part of the training 
involved actively engaging in practical LAUV operations while discussing the system’s 
advantages and limitations. The sessions included hands-on experience with mission planning, 
launch and recovery procedures, payload configuration, and data interpretation (Appendix 3 Part 
2 & 3, Figures 6, 7). This comprehensive approach allowed participants to gain valuable practical 
skills and a deeper understanding of how LAUVs can support various maritime tasks. 
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Figure 6. Data collected by LAUV Thor during the mission conducted in Sletvik on 25 September 
2025 (Hopavågen; 63°35'37.91" N, 09°44'95" E), illustrating the environmental measurements 
acquired in the water column using onboard monitoring sensors. 
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Figure 7. Data collected by LAUV Fridtjof during the seabed-mapping mission conducted in Sletvik 
on 24 September 2025 (Hopavågen; 63°35'37.91" N, 09°44'95" E), using the onboard side-scan 
sonar payload to characterize the seafloor structure and morphology.  
 
ROV training 
In parallel, ROV training activities took place using a portable observation-class ROV Blueye. 
Capabilities that were demonstrated at sea were: 

● Deployment, recovery and operation/flying Blueye ROV,  
● Subsea localisation/positioning of the ROV using USBL and DVL systems 
● Payload options, original payload suite (camera, light, navigation sensors: depth, attitude)  

 
The training session was completed with analyzing data logs from the mission(s) and a 
demonstration of data handling. Framework for collecting and analyzing georeferenced benthic 
imagery using the Blueye ROV and Squidle+ was presented. It was shown how data is processed 
and integrated into Squidle+.  
 
USV training 
The underwater surface vehicle (USV) training was focused on deployment, recovery and 
operation of the vehicles. NTNU team also elaborated on payload options and capabilities.  
 
This training demonstrated the advantages and disadvantages and important considerations 
when using USV platforms. Teams were made to assist in the deployment of the vehicles 
available and with the responsibility of sharing the experiences to the rest of the group in a session 
at the end of the field trip. The surface vehicle gave a particular opportunity for teamwork. 
Considering that there was no ramp to deploy the vehicle in the water, the team got dressed up 
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and pushed a trailer to a correct depth before releasing the vehicle to the operator somewhere 
else, connected via 4G (Figure 8).  
 

 
Figure 8. USV and the team after successful recovery of the vehicle.  
 
 

4. Outcomes and feedback 

The TWILIGHTED Technology Training School at NTNU gave fifteen PhD students, early 
career researchers, technicians and senior scientists from ARDITI and GEOMAR a chance to 
learn more about the theory, processes and applications of state-of-the-art deep-sea 
technologies used in a wide range of marine research areas. Participants also gained hands-on 
experience in deployment, operation and retrieval of these technologies, as well as practice at 
related data analysis.  
 
In the post-training feedback, many attendees noted that one of the most valuable parts of the 
training was understanding the very high level of mission planning and team coordination and 
communication before, during and after missions with state-of-the-art technologies. They also 
appreciated learning what could go wrong on a mission and seeing how these challenges are 
managed in real time. Many participants from MARE-Madeira (ARDITI) also noted how, 
although this training was focused on state-of-the-art technologies, it was a valuable foundation 
for exploring trade-offs in lower-cost technologies that are more suitable to a smaller institution.  
 
Participants also described how this training impacted their plans for the future: 
“I feel more prepared to put my hands on deep-sea research. Some of the methodologies used 
can be adapted to our reality in Madeira, but others cannot. Interesting to see what can be done 
in calm, deep waters with soft bottoms on the fjords, and what is not viable, even if we had 
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infinite funding, due to the rough oceanic waters with rocky reefs like we have in Madeira. The 
planning and logistics are much more demanding in Madeira due to the ocean conditions. 
Looking to the future, I think I am much more prepared for a realistic plan of what could be 
viable for deep-sea research in Madeira.” 
 
“From an acoustics perspective, it was particularly valuable to gain a clearer understanding of 
the trade-offs between equipment costs and the quality of data collected. This insight will help in 
making more informed decisions about the type of equipment to use under different 
circumstances, taking into account setup constraints and deployment duration. Such knowledge 
will benefit both me and my team in planning future purchases and designing data collection 
strategies.” 
 
“This training will directly impact my approach to future scientific campaigns and fieldwork. 
Based on the efficient model I observed, I plan to implement improved logistical organization, 
communication strategies, and interaction protocols among team members. The course 
reinforced that using low-cost equipment does not mean sacrificing these essential procedures. 
On the contrary, applying these principles can significantly increase the efficiency of our work 
and thereby reduce project costs, while allowing for collaborative input from the entire group.” 
 
Overall, the technology training school received excellent reviews from all attendees and 
strengthened interests in pursuing deep-sea research in future. Visit 
https://twilighted.eu/twilighted-goes-to-trondheim/ for more photos and feedback.  

https://twilighted.eu/twilighted-goes-to-trondheim/
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Appendix I. Detailed training school agenda 
16.11.25 
08:00 Come on board, go to TBS 
08:30 Load instrument rig other equipment at TBS 
09:30 Position at FjordLab location: deploy ROV and the rig 
- verify connection and power to instruments 
- disconnect once connections are OK 
- reposition the hydrophone 
20:00 Return to Trondheim/Nidelva 
 
17.11.25  
08:00 Depart Trondheim 
08:30 Pick up second rig & plankton sampling gear from TBS 
09:30 Conduct deployment of second rig at FjordLab location 
~1700 Conduct plankton sampling (if time allows) 
20:00 Return to Trondheim/Nidelva 
 
18.11.25   
08:00 Depart Trondheim  
08:30 Load coolers at TBS  
10ish Arrive at coral sampling site  
17ish Complete coral sampling and head back to TBS for offloading  
18ish Sample offload at TBS  
20:00 Return to Trondheim/Nidelva  
 
19.11.25  
08:00 Depart Trondheim  
08:30 Pick up box corer at TBS  
~10:00 Start coring work  
15:30 Complete coring activities and head back to Trondheim  
17:00 Offloading samples and ROV at TBS  
20:00 Return to Trondheim 
 
22.09.2025 
09:00-10:45: Acoustic instrumentation: practical considerations, options, limits (passive, active, 
playbacks), lecture by A Širović 
11:00-12:15: Expensive vs cheap passive acoustic recorders: comparisons and trade-offs, 
lecture by A Širović 
13:30-16:30: Working with a few common passive acoustic systems: SonoVault, SoundTrap, 
icListen, with A Širović & E Rojas & J Courboules 
17:00 -18:00: low-cost deployment of icListen and SoundTrap hydrophones in coastal area  
 
23.09.2025 
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09:00-10:30: Sources of sound in the ocean, lecture by A Širović 
10:45-12:15: Reviewing and basic analysis of acoustic recordings, lecture by E Rojas 
13:30-14:00: Detection and classification of signals: Background, lecture by A Širović  
14:00 -17:00: Analysis of echolocation clicks: detection and clustering hands-on example, 
lecture by A Constaratas 
 
24.09.2025 
08:30 – 11:00 L-AUV theory  
11:00 – 12:00 Hardware familiarization (L-AUV + Blueye w/CTD) Blueye Squidle 
13:00 – 14:00 L-AUV planning session in groups 
14:00 – 17:00 L-AUV tests mission + Blueye  
 
25.09.2025 
08:30 - 12:00  and 13:00 - 15:00 LAUV (1) Seabed mapping LAUV (2) Water column and 
echosounder/silcam Blueye Squidle – CTD, USV Grethe (with group rotation) 
15:00 Process data - L-AUV - Blueye Squidle + CTD 
16:00 Present data and findings of groups from vehicles 
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