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taining the ecological balance of the
world. Despite this, the North Atlantic
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rapidly due to vessel collisions, com-
mercial whaling, bycatch, entangle-
ment, climate change and debris, with
only about 400 left. Researchers have
achieved very good results in iden-
tifying and classifying sounds using
Data augmentation and Deep learn-
ing. Research presented here dis-
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avoid vessel collisions by identifying
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spectrograms that are fed into a Con-
volutional Neural Network. The data
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frequency masking, and time mask-
ing, and Transfer learning was used
for training. It has been found that the
dataset was effectively trained with an
accuracy of 88%. This model may ul-
timately lead to even better results in
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Chapter 1

Introduction

The environmental concerns surrounding the largest (ocean) animals on the planet
are a permanent item on the agenda of many conservation groups. In order to
thrive, all animals require a secure and healthy environment. The International
Whaling Commission (IWC) points out that rapid habitat degradation is a major
cause of species declines. Humans directly affect the animal habitat by making it
unsuitable for animals, such as cetaceans and other marine life.[1]

These concerns are not new, as they have existed for hundreds of years or
longer, probably since the 1800s. Scientist Sir William Henry Flower, an English
surgeon, zoologist, and director of the Natural History Museum in London who
was well known for his expertise on mammals, is thought to have been the rst
one to articulate clear concerns about the sustainability of whaling.[2] A quote
from him can be found in one of his works, "For countless centuries impulses
from within and the forces of circumstances from without have been gradually
shaping the whales into their present wonderful form and gigantic size, but the
very perfection of their structure and their magnitude combined, the rich supply of
oil protecting their internal parts from cold, the beautiful apparatus of whalebone
by which their nutrition is provided for, have been fatal gifts, which, under the
sudden revolution produced on the surface of the globe by the development of the
wants and arts of civilised man, cannot but lead in a few years to their extinction.
It does not need much foresight to divine the future history of whales...".[3]

According to the "Recent memoirs on the Cetacea'[4], whaling by many nations
during the 16th to 19th centuries was described as a cruel, inhumane killing prac-
tice that almost led to extermination of whales in the seas of Spitzbergen and other
regions.

Besides serving as a carbon sink and producing food for billions of people, the
ocean is the largest ecosystem on Earth. It has taken marine science a long time to
acknowledge the growing body of evidence that apex predators play a crucial role
in managing natural ecosystems. There is evidence to suggest that long-lived large
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species could maintain ecosystem balance. Whales contribute a range of services
to the ecosystem, making them valuable. Through direct predation, they utilize
signi cant thropic control on the marine environment, causing physical changes
and affecting species biodiversity. In ocean ecosystems, the oscillations caused by
disorder in climate, primary productivity and predation are stabilised by whales.
Removing the whales would likely lead to a signi cant disturbance in the marine
ecosystem.[5][6].

Phytoplankton blooms as the primary production are enhanced through abun-
dant discharge of iron and nitrogen from whale's urine and faeces. Phytoplankton
is hugely important as it has a main function in the production of approximately
50% of all oxygen while at the same time it captures nearly 40% of all carbon diox-
ide (CO,) produced. Having whales contributes to a wider distribution of oxygen
and nutrients which in turn causes a growth of primary production rich in prey
abundance and biodiversity.[5][6][7]

Figure 1.1 displays whale carbon and oxygen ux.

Figure 1.1: Whale carbon and oxygen ux [7]

Several studies report that whales have a positive impact on primary produc-
tion, nutrients transfer to the surface, and CO , capture. Upon death, their carcasses
sink to the bottom of the ocean oor, delivering a large quantity of nutrients to the
nutrient-scarce parts of the ocean while storing thousands of tons of carbon.[6]



In the aftermath of centuries of commercial whaling, the majority of whale
species are critically endangered, endangered, threatened, depleted or protected.[8]
Climate change, speci cally ocean acidi cation that has been linked to food chain
disruption, entanglement in shing gear, bycatch, oil and gas activities, shipping,
noise, habitat degradation, chemical pollution, and marine debris are additional
stressors that threaten whales.[9][10]

Whales and oceans play important roles in the environment as well as an im-
portant economic engine that offers services vital to a prosperous economy, which
in turn sustains life on Earth. The ocean, particularly its life-giving ecosystem, is
generally overlooked and regarded as having little formal value, as Delloite ex-
plains in its report.[11] We tend to focus on the removal of monetary value from
the ocean, but we have been oblivious to its continued devastation and the con-
siderable higher value that is accessible through sustainable ocean economy man-
agement. The authors also warn if we continue to only extract resources from the
ocean without considering the environmental consequences, it will all inevitably
result in ecological and economic collapse. According to best estimates, under
1% of the ocean's overall value has been committed to sustainable ocean projects,
making the UN's Sustainable Development Goal (SDG) - Life below water the least
funded SDG of all.

Gathering data at great depths and under high pressures is a logistical and sci-
enti ¢ challenge because of the shifting and uncompromising nature of the open
ocean and deep sea. In fact, the deep ocean is the least explored environment
on Earth, with 90% of the species collected there being new to science. It is chal-
lenging to conserve cetaceans because there is a great deal of information we don't
know about them. According to a Canadian oceanographer Dr Paul Snelgrove, "we
know more about the surface of the Moon and about Mars than we do about this
habitat". In order to solve the above problems, national governments, industries,
organizations, local communities, and conservation groups need to work together.
Some of the most successful campaigns take years to develop.[10][11]

Because whales are enormous and their environment is vast, tracking them in-
dividually would be impossible. Monitoring techniques have been employed to
observe human impacts on marine ecosystems, such as passive acoustic monitor-
ing (PAM) and aerial or ship-based image data collection. There are many factors
that determine the quality of visual studies performed, including daylight, weather
conditions, and the availability of suitable research platforms. Continuous moni-
toring of large areas and dif cult-to-reach areas is possible with PAM. With a large
number of PAM recorders installed at various sites, a mass-scale surveillance net-
work can be developed to monitor the acoustic habitats of a multitude of species
over time.[12]

Underwater, sound propagates more effectively than light, so marine species
have evolved to communicate, navigate, and scout prey using acoustic signals. The
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North Atlantic right whale (Eubalaena glacialis, NARW) is one of the species that
PAM closely monitors.[13] There are less than 400 estimated NARWS living in the
North Atlantic waters, making it one of the most critically endangered whales in
the world and their numbers are rapidly declining.[14][15][16] Over the last 10
years, the population has declined by 26 percent and the calving rate has dropped
by nearly 40 percent.[17][18]

Following are chapters dedicated to describing the ndings of eco-biodiversity
research, state of the art technology and its implementation, obtained results, and
recommendations for future work. A more detailed discussion on cetaceans, in
particular NARWS, is found in Chapter 2. After that, the environmental stressors
causing their rapid declines and possible conservation solutions are presented, fol-
lowed by a review of the state of the art to support the technologies chosen for
this project. The theories behind the technologies are discussed in Chapter 3: au-
dio signal processing and Transfer learning with a pretrained Neural Network.
A description is presented in Chapter 4 concerning the Machine Learning tools
and libraries used, the dataset and the procedures used to process it, Data aug-
mentation techniques, and the structure of the Machine Learning model. Chapter
5 presents and discusses the results. The conclusion in Chapter 6 describes per-
sonal motivation, discusses the accomplishment of learning goals, and sets goals
for the future, followed by a discussion in Chapter 7 on how to improve future
research efforts. Chapter 8 is dedicated to acknowledging those who contributed
to the creation of this project. The Appendix A - Environmental stressors includes
other environmental stressors, the Appendix B - Code includes the code, and the
Appendix C - Training results concludes with the rest of the ndings.

1.1 Problem statement

“To protect the North Atlantic right whale species from colliding with shipping
traf c, as well as to raise awareness of how population declines are affecting the
species.”

As part of this project, which aims to bring attention to NARW population
declines, research, analysis, and methods are used to improve detection and recog-
nition of NARW calls using Transfer Learning and Google's pretrained model
"GoogleLeNet". The objectives of this study are to determine whether the model's
training accuracy will be satisfactory or highly promising after the research has
been completed and to see what applications can be created using the results.



Chapter 2

Analysis

2.1 Ecology and biodiversity

Whales have evolved from land ancestors some 40 million years ago to become
fully aquatic. The rst whaling evidence dates back to 6000BCE in South Korea.
Several places where whaling took place have been identi ed, including Green-
land, Norway and islands off the coast of Japan. They hunted whales for food,
tools, and fuel. Whales were hunted by the Basques (Spain) in the 11th century for
their oil and baleen, also known as "whalebone". More than a hundred thousand
whales were killed in the United States in the mid-19th century for their valuable
oil. Sperm whales produced spermaceti (special liquid found in their heads) and
ambergris (a waxy substance that was used for perfume and medicine).[19] Figure
2.1 shows a brief history of whaling.

There were many things made from baleen: carriage springs, clothes, shing
equipment, whips and other. According to estimates, between 1900 and 1999, the
whaling industry managed to kill tens of millions of whales due to modernized
vessels and other advances in machinery and technology.[6][19]

It is vital to point out that up until the early 20th century, scarcely more than
baleen and blubber was used, and most of the carcasses were thrown away. The
mid-20th century witnessed whale populations record a dramatic decline, which
was accompanied by a reduction in cruel whaling practices.[20] There were 2.9
million whales removed, one of the largest removals of any animal biomass ever
recorded on the planet. An overview of the removals of different whale species in
the Northern and Southern Hemispheres can be found in Figure 2.2. As a result
of World War Il, whaling declined in the Southern Hemisphere during that time,
which was actually bene cial for whales.[21][22]

NARWSs have been commercially exploited for nearly 1.000 years, and although
whaling has mostly ceased, there are still many threats posed by humans. The
eastern population of this species is considered extinct, but historically, there was
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Figure 2.1: A brief history of whaling [20]

a population on each side of the North Atlantic. The early catches in the western
North Atlantic have not been quanti ed, but it has been estimated that between
1634-1950, over 5.500-11.000 NARWSs were killed. Although whale numbers grad-
ually increased after the ban on whaling, recent studies indicate that they have
declined again. [18]

Whales are generally de ned as cetaceans longer than three meters. A total of
90 species of whales, dolphins and porpoises are recognized at present. Dolphins
and porpoises are also members of the Cetacea order. Two suborders of cetaceans
comprise it: Mysticeti (baleen whales or mysticetes - approximately 14 species) and
Odontceti (toothed whales or odontocetes - approximately 76 species).[18]

Whales can grow up to 200 tons in weight and reach lengths of 30 meters (blue
whale), making them the largest and heaviest animals on earth. They are found
in all oceans and seas of the world. Despite having ippers and tail ukes similar
to sh, whales are mammals. Due to the fact that they are covered in blubber,
which acts as an insulation layer to protect from hypothermia, the large whales
generate excessive heat and therefore have thermoregulating systems to prevent
overheating.[23]
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Figure 2.2: The largest hunt [22]

Monitoring whales can be dif cult, so little is known about their real lifespan,
although whales often live for at least 20 years. The lifespan of a Bowhead whale
ranges from 20 to 100 years, with some living up to 200 years.[19]

Figure 2.3 - NARWSs are baleen whales and can grow up to 18 meters tall and
weigh up to 90 tons, with females typically measuring 1 meter longer than males.
NARWSs could live up to 70 years, up to 85 in prime conditions, and around 35
years today due to man-made stressors. The increased stress causes females to
give birth only once around every 10.2 years. Scientists could distinguish these
whales by their varied patterns of white patches of rough skin on their heads
(callosities), which help differentiate them from each other. The tails on these
whales are long and their underside has highly variable white patches.[18] Aerial
photos taken over the past 20 years were analyzed by Stewart et al. [24] for changes
in NARWSs body length. As a result of the study, the maximum length of the 2019
calf will be shorter by about a meter when compared to the 1981 calf, representing
a decline of 7.3 percent. Body changes might indicate a population collapse caused
by environmental stressors.

Whales can recognize one another and belong from small to medium sized
social groups. During breeding and feeding, several pods gather together. A vari-
ety of signals are used including pulsed songs, clicks, groans, songs, whistles, low
rumbles, and body language. Whales rely on sound to communicate as sound trav-
els four times faster through water than through air. Many social groups use their
own distinctive sound to communicate. Baleen whales are renowned for produc-
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Figure 2.3: North Atlantic right whale [25]

ing complex songs that are considered to be one of the most sophisticated forms
of communication among mammals. During the breeding season, these songs are
possibly used to communicate with offspring, to entice mates, to mark territories,
and even to coordinate migrations. During the mating season, some whales sing
the same songs, but their patterns change from year to year.[19][26]

Toothed whales use sound and echolocation to explore their environment and
communicate under water since they have limited vision. Rosenkvist et al. [27]
conducted a study to see if humans are able to use echolocation similarly to cer-
tain mammals. In the study, users navigated the virtual environment using visu-
alized echolocation signals. Sound signal visualization helped the participants of
the study to navigate the unlit virtual environment. It also enabled them to men-
tally map out the virtual world. Though it may be true that toothed whales and
humans have similar surface-level characteristics when it comes to sound produc-
tion and recognition, the toothed whale's echolocation is superior, therefore, their
physiological mechanisms for sounds differ considerably from those of humans.

Whales have evolved hearing to recognize underwater sound vibrations. Some
evidence suggests that the 10Hz sounds of n whales can travel over 1.800 km.
Baleen whales are experts at hearing low-frequency sounds used for long-distance
communication.[23][19]

In addition to their highly vocal nature, NARWSs produce a wide variety of low-
frequency sounds. These 1-2 second "upcalls,” which are believed to be used for
communication over long distances, are the most common sounds. The variations
in the upcalls can be used to identify individuals, according to recent research. [18]

NARWS generally moves slowly and may spend a considerable amount of time
resting at the surface. In most cases, they are active at the surface, and they do not
show much fear of boats, but instead may be curious and approachable when near.
Additionally, they sleep on the surface. From the Gulf of St. Lawrence in the north
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to Florida in the south, there is only one remaining population of these species in
the western North Atlantic.[10][15][16][18] Figure 2.4 illustrates the critical habitats
and other high-use areas of the North Atlantic right whale.

Figure 2.4: NARWs major habitat areas [15]

Aside from the fact that their population is growing very slowly, they face two
major threats today - vessel strikes and entanglement in shing gear, this will be
discussed in detail in the next section. Additionally, there are other threats such as
noise pollution, commercial whaling, bycatch, climate change, and marine debris.
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2.1.1 Environmental stressors
Vessel strikes and noise pollution

Due to their habitat near the coast, NARWSs congregate around busy ports and
have a tendency to move slowly. This makes them particularly vulnerable to vessel
strikes. Due to their tendency to feed near the surface, and the lack of a dorsal
n, they are dif cult to spot, and worse yet, they tend to gather in the shipping
lanes. According to National Oceanic and Atmospheric Administration's (NOAA)
report, 34 NARWSs have been killed during the period 2017-2021 due to ship strikes
or entanglement.[19][18][28]

Figure 2.5 illustrates the relevant areas and whale dive states. There is a 20-
degree eld of view in a surface-based detection system which divides a detection
area into a danger zone and a safe zone. These zones are determined by the vessel
speed, reaction time, and detection range of the mitigation system. The whales
dive in three layers based on their depth: surface [0-5m], subsurface [5-10m] and
deep [10m+]. A whale can only be identi ed by a vessel if it is near the surface
and blowing.[29]

Normally, NARWSs do feeding dives that last between 10 and 20 minutes, and
sometimes up to 40 minutes. Most of their dives are shallow and near the surface,
but some dives may reach depths of 200 meters or more.[18]

Figure 2.5: Important areas and whale dive states [29]

Typically, collisions or strikes occur when marine animals come into contact
with parts of a boat (most often the propeller or bow), resulting in blunt force
trauma or even death of the animal. If the vessel is signi cantly damaged in a
collision, there can be serious injuries or death for those onboard (vessel crew).
Animals other than whales are also affected by ship strikes. Data indicates that 75
species have been killed by ship strikes, according to Schoeman et al..[30]






	Front page
	English title page
	Danish title page
	Contents
	1 Introduction
	1.1 Problem statement

	2 Analysis
	2.1 Ecology and biodiversity
	2.1.1 Environmental stressors
	2.1.2 Possible conservation solutions

	2.2 State of the art - whale tracking

	3 Theory
	3.1 Audio signal processing
	3.1.1 Spectrogram generation

	3.2 Transfer learning - pretrained Neural Networks

	4 Methods
	4.1 Machine Learning tools and libraries
	4.2 Dataset and preprocessing
	4.3 Data augmentation
	4.4 Machine Learning model

	5 Results and discussion
	5.1 Results with Data augmentation

	6 Conclusion
	7 Future work
	8 Acknowledgements
	Bibliography
	A Appendix A - Environmental stressors
	A.1 Fisheries - bycatch and entanglement
	A.2 Indigenous and commercial whaling
	A.3 Climate change and marine debris

	B Appendix B - Code
	B.1 plots_raw_audio_spectrograms.py
	B.2 mfcc_spectrogram_generation1.py
	B.3 spectrogram_generation2_upgraded.py
	B.4 augment.py
	B.5 class_separation.py
	B.6 dataset_split.py
	B.7 mobilenetv2_model.py

	C Appendix C - Training results

