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Abstract: Sperm Whales (Physeter macrocephalus) are
extremely social marine that communicate using codas —
discrete order of broadband clicks.[5] They generate a
complicated vocal system that remains largely
unexplored. Long — established methods of examine
whale vocalizations have need of extensive manual
transcription, place a limit on progress. Although, the
latest advancements in Artificial Intelligence, Machine
Learning have recognize this field by authorize
automated detection, classification, and interpretation of
whale sounds.[2,4] This review integrates key Artificial
Intelligence — driven techniques, which includes Deep
Learning, Natural Language Processing, Graph — based
Clustering, and Spectral Analysis, to decrypt whale
communication patterns.[2,4] In addition, it inspect the
prospective combinatorial nature of sperm whale
vocalizations, their contextual variations, and their
analogous with human language configuration.[5] The
study further highlights the ethical implications of
Artificial Intelligence — driven whale communication
research, confirm that similar technologies remain
unintrusive and preservation — focused. This study
contributes to Project CETI (Cetacean Translation
Initiative) By recognizing existing gap and propose future
research directions, this review be conductive to the
comprehensive goal of deciphering sperm whale
communication, facilitate  Artificial  Intelligence
applications in bioacoustics,[2] and contribute to marine
conservation efforts. [3,8]
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I. INTRODUCTION

In recent researches, we can see that the study of
sperm whale vocalizations has traditionally relied on
manual transcription and analysis, which is highly
time-consuming and labour - intensive.[5] This
limitation has slowed down progress in
understanding their communication. However, recent
advancements in Artificial Intelligence (Al) and
Machine Learning (ML) have revolutionized the
field, enabling automated detection, classification,
and interpretation of whale sounds at an
unprecedented scale. [3,9] These technologies offer
new insights, allowing researchers to uncover
potential linguistic features in their vocal repertoire.
[2,3,10]

Sperm whale communication appears both
contextual and combinatorial. Contextual variations
suggest that whales modify their codas based on
environment, social interactions, or behaviour,
similar to how human language relies on context for
meaning. The combinatorial nature indicates that
whale clicks form structured sequences, much like
human syntax. Understanding these patterns requires
advanced analytical techniques, as their complexity
goes beyond simple one-to-one signal mappings.[5]

Studying sperm whale communication is challenging
due to the vast acoustic data from hydrophone
recordings. Manual analysis is inefficient, making
Al-driven techniques essential. Deep learning models
like CNNs and RNNs analyze spectrograms, classify
codas accurately, and identify patterns, reducing
human effort. NLP techniques are also used to decode
potential linguistic structures, treating codas like
symbolic  representations  similar to  human
language.[3]

Project CETI uses Al to decode sperm whale
communication, exploring whether their sounds form
a structured language. It employs machine learning,
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graph-based clustering, and deep learning to analyze
vocalizations at scale. Through advanced Al and
extensive data collection, the initiative aims to bridge
the communication gap between humans and whales,
potentially enabling interspecies interaction.[2]

Al and ML are crucial in decoding sperm whale
communication. Al-driven spectral analysis detects
subtle vocal patterns, while graph-based clustering
classifies codas and dialects. Reinforcement learning
models simulate whale communication, testing its
use in social and environmental contexts.[3]

Machine learning, using supervised and unsupervised
learning, helps train models on whale sounds to
recognize and interpret vocal patterns. These
techniques  explore  whether sperm  whale
communication  resembles a  proto-language.
Continuous Al refinement provides deeper insights
into how whales convey information and interact.
[9,10]

II.LITERATURE SURVEY

The study of sperm whale communication has gained
significant attention in recent years, with researchers
working on different aspects of understanding and
decoding their vocalizations. One such study,
Automatic Detection and Annotation of Sperm Whale
Codas (2024), focused on automating the
identification of codas, differentiating them from
echolocation clicks, and detecting overlapping codas.
The study used methods like Graph-Based
Clustering, Maximum Likelihood Estimation (MLE),
Spectrogram  Analysis, Teager-Kaiser Energy
Operator (TKEO), and Principal Component
Analysis (PCA). It successfully improved detection
accuracy and helped in identifying new coda types.
However, the exact meaning of these codas remains
unknown, and real-time detection is still a challenge.
Future research could work on improving real-time
processing, conducting playback experiments, and
training Al models with larger datasets.

Another study, Contextual and Combinatorial
Structure in Sperm Whale Vocalisations (2024),
explored the structure of whale codas to see if they
followed patterns similar to human language. The
researchers used clustering, permutation testing,
spectrogram analysis, and correlation analysis to
examine rhythm, tempo, and possible rule-based
communication in whale sounds. While the study
identified various patterns in vocalizations, their
meaning is still unclear. The study also highlighted

the need for more data and real-world testing through
playback experiments. Future research could focus
on using Al models to decode these patterns,
conducting real-time studies, and even generating
whale-like sounds using Al to observe responses
from actual whales.

In contrast, Dr. Doolittle Uses Al: Ethical Challenges
of Trying to Speak Whale (2024) focused on the
ethical concerns of using artificial intelligence to
study and potentially communicate with whales. The
study applied Natural Language Processing (NLP),
deep learning, spectral clustering, and deep neural
networks (DNNs) to classify whale sounds and
identify patterns. While Al showed promising results
in identifying potential meanings, the study raised
concerns about the risks of anthropomorphizing
whale sounds and the ethical implications of using Al
in this manner. The researchers emphasized that Al
cannot replace traditional conservation methods and
called for responsible Al use in wildlife studies.
Future research could focus on ethical Al
frameworks, Al-assisted conservation strategies, and
ensuring that Al tools are used responsibly in
understanding animal communication.

The study Towards  Understanding  the
Communication in Sperm Whales (2022) took a more
direct approach to decoding whale vocalizations by
analyzing large sets of acoustic data. Researchers
aimed to identify patterns, possible syntax, and the
context in which different codas were used. The study
used self-supervised learning, representation
learning, unsupervised speech recognition, and NLP-
inspired models to classify codas and their potential
meanings. It even included playback experiments to
test how whales responded to different sounds.
Despite these advancements, challenges such as the
need for large datasets and difficulties in validating
findings remain. Future work could improve machine
learning models, expand research to other marine
species, and explore whether Al can bridge the
communication gap between humans and whales.

Lastly, Automatic Detection of Sperm Whale
Language within Audio (2024) focused on
developing an Al system to detect whale clicks,
group codas, and identify individual whales. The
study used SoundNet, multilayer perceptron (MLP),
transformers, spectral clustering, and integer linear
programming, achieving high accuracy in detecting
whale sounds. The research also produced a
timestamped dataset that could be useful for further
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studies. However, issues such as occasional
misclassification, high computational costs, and data
limitations were noted. To improve, future studies
should aim to enhance accuracy, enable real-time
monitoring of whale sounds, and extend Al-based
methods to study other marine species.

Comparative Analysis of Sperm Whale Research Studies
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Together, these studies represent significant progress
in understanding sperm whale communication. While
researchers have identified patterns and made
advancements in automated detection, challenges
like interpreting meaning, improving Al models, and
ensuring ethical use of technology remain. Future
research will likely focus on refining Al methods,
expanding datasets, and even testing human-whale
interaction through controlled experiments.

I11. METHODS USED TO STUDY WHALE
SOUNDS

Earlier studies relied on hydrophones to record whale
sounds, which were then manually analyzed
(Gillespie et al., 2009). Now, Al has improved this
process by using clustering algorithms and deep
learning models to automatically classify codas
(Phys.org, 2024; Friedman et al., 2018). CNNs and
self-supervised learning methods have helped
identify new patterns in whale vocalizations
(Oceanographic Magazine, 2024). Real-time Al
monitoring systems are even being used to analyze
whale sounds instantly, giving researchers a better
understanding of their interactions (NPR, 2024).
Some models are trained on different marine
mammal sounds, helping improve accuracy in sperm
whale research (Gero et al., 2020).

IV. RESULT

Al has helped researchers achieve over 90% accuracy
in identifying different coda dialects (MIT News,
2024). Studies show that sperm whale vocalizations
have structure and patterns, much like human

speech.[4] Cross-species comparisons suggest that
whales and other social animals may encode
information in similar ways [1,14]. However, even
though Al can recognize patterns, it cannot yet
determine the exact meaning behind these sounds.
Researchers are now working on combining
behavioural studies with Al analysis to better
understand how whales use codas in different
situations [6,14]. Some experts debate whether these
codas can truly be considered a language [14].

Key Findings in Al-based Sperm Whale Research
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Fig. Key findings in Al-based Sperm Whale
Research

V. ETHICAL CONSIDERATIONS

As Al becomes more involved in whale research,
ethical concerns arise. Passive acoustic monitoring is
the preferred method, as it avoids disturbing the
whales (The Guardian, 2024). However, human-
generated noise pollution is a growing problem,
making it harder for whales to communicate
(Smithsonian Magazine, 2024; Gillespie et al., 2009).
ResearcheOrs must ensure that their work helps
protect whales rather than harm them. There is also
concern that Al models could be misused for
commercial purposes, leading to increased marine
exploitation (Gero et al., 2020; Dunn & Hernandez,
2022). Future policies should focus on conservation
driven Al.

VI. CONCLUSION

This research advances sperm whale communication
studies using Al and machine learning, automating
coda detection and classification. It reveals that
whale vocalizations follow structured, socially
influenced patterns and use a combinatorial system
of rhythm, tempo, rubato, and ornamentation,
indicating linguistic complexity. [4,8]

Deep learning improves accuracy in click detection
and coda clustering, streamlining large-scale
analysis. While Al uncovers structured vocal
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patterns, ethical concerns like anthropomorphism
and disruption of natural behaviour must be
addressed. The study highlights AI’s role in
conservation rather than direct communication with
whales.

Future research will focus on real-time detection,
decoding coda meanings, and Al-generated whale
sounds. Playback experiments suggest potential for
bidirectional interaction, paving the way for Al-
driven interspecies communication.[3]
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