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Cetaceans show high cognitive abilities and strong social bonds. Their

primary sensory modality to communicate and sense the environment is

acoustics. Research on their echolocation and social vocalizations typically

uses visual and tactile systems adapted from research on primates or birds.

Such research would benefit from a purely acoustic communication system

to better match their natural capabilities. We argue that a full duplex system,

in which signals can flow in both directions simultaneously is essential for

communication research. We designed and implemented a full duplex

system to acoustically interact with cetaceans in the wild, featuring digital

echo-suppression. We pilot tested the system in Arctic Norway and achieved

an echo suppression of 18 dB. We discuss the limiting factors and how to

improve the echo suppression further. The system enabled vocal interaction

with the underwater acoustic scene by allowing experimenters to listen

while producing sounds. We describe our motivations, then present our

pilot deployment and give examples of initial explorative attempts to vocally

interact with wild orcas and humpback whales.

Keywords: human–dolphin communication, self-interference cancellation,

echo cancellation, killer-whale, orca, humpback whale, inter-species

communication, animal communication, bioacoustics, underwater

communication, animal cognition

Introduction

Delphinidae have long been a subject of interest for researchers due to their

outstanding cognitive abilities and communicative skills (Herzing & Johnson,

2015; Marino, 2002). Studying marine mammals through direct human inter-
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actions presents unique challenges, especially with wild animals. The aquatic

environment is restrictive of sustained interactions, and the air/water barrier

hampers acoustic communication. Early experiments in 1978 by John Lilly (Lilly,

1978) aimed to establish human–dolphin communication by co-housing a human

experimenter and a dolphin in a specially designed house, but the scientific out-

come remained limited. A few years later, experiments showed that dolphins can

understand the syntax and semantics of visual and acoustic commands (Herman

et al., 1984), suggesting complex auditory learning through reinforcement by food

rewards. Vocal production learning and the ability to label objects have also been

demonstrated (Richards et al., 1984). These observations led to research endeav-

ors using custom-built keyboards and touchscreens for the animals. Such par-

adigms were often adapted from established techniques used for primates and

birds. An extensive review of such systems by Denise Herzing (Herzing, 2016)

provides various insights into the design of technologies for communicating with

Delphinidae. Her analysis advocated for approaches that keep the human in the

loop, rather than aiming for subjective cognitive assessment. She also recom-

mends approaches based on sound, rather than other senses, as sound is a more

natural modality for the animals. She highlighted the lack of tools adapted for

underwater communication, emphasizing the importance of two-way audio.

Recent studies have since made stronger use of audio, for instance by using

a hydrophone array within a large visual screen such that the dolphins could

“point to” a location on the screen with an acoustic click (Amundin et al., 2008).

Denise Herzing studied wild habituated dolphins by swimming with them and

interacting with them through a device that could play back and detect a set of

preprogrammed whistles (Kohlsdorf et al., 2013). These experiments addressed

the ability of dolphins to use referential signals for objects or actions. By using a

two-way acoustic interaction system, the researchers were able to conduct these

experiments without reinforcement by food reward but were based solely on the

curiosity and playfulness of the animals. However, fully featured acoustic commu-

nication requires a full-duplex system, where signals can flow in both directions

simultaneously instead of alternatively, as explained below.

Acoustic communication implies for a given living or technological system

to possess both an organ for emitting sound and one for perceiving sound.

Inevitably the own emitted sound will be sensed by the sensory organ potentially

leading to issues in distinguishing external from the self-produced sounds.

Indeed, the self-produced sound is also typically quite loud due to physical prox-

imity to the source, posing a challenge for the dynamic range of the sensory organ,

the range of sound intensities that can be processed. For living creatures, this

problem is addressed anatomically, for example by placing the ears behind the

sound emitting organ and by directing the emitted sound forwards. Second, the
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own sound needs to be distinguished from the external sound by specific neural

processes specifically involved in self-generated stimuli. The neurological under-

pinnings of this very complex problem are still under research (Haykin & Chen,

2005). In contrast to the biological solutions, technological acoustic communica-

tion systems sometimes use a trick to only let the signal flow one way at a time.

In this approach, called half-duplex, although communication is possible in two

ways, the direction is actively switched such that the signals flow only one way

at a time. The walkie-talkie is a prominent example of this, whereby a push-to-

talk button enables the sender and disables the receiver of the device. When com-

municating over a walkie talkie, both parties need to switch the signal direction

and often a protocol is implemented, for example by saying «over» to signal to

the other party to switch direction. However, when communicating with multiple

individuals the protocol can become more complex. While half-duplex systems

avoid both problems of dynamic range and separating the own voice, it ham-

pers vocal communication significantly. Observed phenomena like turn taking

and chorusing require to be able to listen while vocalizing to detect collisions or to

synchronize and tune the pitch. Therefore, a full-duplex system where signals can

flow in both directions simultaneously is needed to more precisely make sense of

acoustic communication. For a full-duplex system it is essential to implement a

circuit that cancels or at least attenuates the perception of the self-produced signal

(Figure 1).

Echo suppression (also known as “echo canceling” or “self-interference sup-

pression”) is a signal-processing technique developed to separate both directions

of a signal (Sondhi, 1967). It is a key technology for online conference applications

and part of mobile phones. Echo suppression systems model the transfer of the

’own emission’ to the ’own reception ’for example with an impulse response func-

tion (IRF), which is the response to a virtual, infinitely sharp impulse in the time

domain (Antsaklis, 2021). The transferred signal can be estimated by a convolu-

tion of the emitted signal by the IRF (Figure 1) and subtracted from the mixture

signal to yield the external signal more clearly. Such echo suppression systems

are typically implemented by adaptive filtering, for example with the least-mean-

squares (LMS) algorithm and can be tuned, for example, by playing white noise

(Rychen et al., 2021).

Although full-duplex acoustic communication systems with echo suppression

are widely used in underwater applications typically for long-range underwater

data transmission (Shen et al., 2020), to the best of our knowledge, they have not

yet been applied in research on either human–Delphinidae communication or

cetaceans’ cognitive abilities.
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Figure 1. Full-duplex communication system with echo suppression. The signal that is

broadcast over the speaker (red) is transferred acoustically to the hydrophone (yellow),

where it is superimposed over the external signal of interest (green). Echo suppression

models the transfer of the signal from speaker to microphone with an impulse response

function (IRF). This modeled signal is subtracted from the raw microphone signal to

yield a pure external signal (green). The situation shows an example to communicate

with an animal 1 km away, where both parties emit at a level of 150 dB (re 1 µPa). The

propagation attenuation is 60 dB and the own signal is therefore much stronger than the

distant signal. The effect of the echo suppression system is to filter out as good as possible

the own signal to allow to increase the gain for the signal of interest

We argue that full-duplex communication systems would enhance existing

research protocols and enable new research applications with cetaceans. In the

following sections, we review four classes of experiments that could benefit from

full-duplex audio interactions.

Interactive playback experiments (Figure 2A)

Playback experiments are an important tool in research of animal communication

and serve to validate hypotheses on the function or meaning of acoustic signals

(Deecke, 2007). Although these experiments often require ethical considerations

to avoid deception, they help to demonstrate the animal’s ability to discriminate

between classes of signals (Filatova et al., 2011; Curé, 2019). While these experi-

ments have been principally one-way interactive playback experiments, as high-

lighted in a review article by Stefanie King (King, 2015), they promote research on

communication and cognitive tasks. In this context, interactive generally means

that the played-back signal is chosen dependent on the animal’s behavior. For

example, the experimenter may observe or listen to the animal and then decide
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which prerecorded or synthesized stimulus to play back and when to do it. A full-

duplex system would be useful in such experimental approaches because they

provide better access to turn-taking behavior, to choral behavior, and to simulta-

neous vocalization.

Phantom echo (Figure 2B)

To study the echolocation abilities of dolphins, researchers have used the tech-

nique of phantom echo (or “artificial sonar target”) (Aubauer & Au, 1998; Muller

et al., 2007), whereat an incoming signal, i.e., a single click of the animal under

investigation, is processed with low latency, and a simulated acoustic reflection

of a virtual target is played back to the animal. This approach has been used,

for example, to study how dolphins can discriminate between metallic cylinders

whose walls differ in thickness only by a fraction of a millimeter (Branstetter,

2020). In their setup, to prevent repeated echoes, the transducer was placed much

closer to the dolphin than the receiving hydrophone. The dolphin also had to

remain at a precise position defined by a bite plate. In a related experiment,

dolphins were able to detect jittering distance variations of an artificial target

(Finneran, 2020). An experiment to test auditory stream segregation in actively

swimming dolphins (Malinka, 2021, Chapter VI) used phantom echoes triggered

by on-axis clicks toward the target. The system was implemented on a field-

programmable gate array (FPGA) with low and precise latencies and used a

“push-to-talk” technique, by blanking the received signal during the emission of

the phantom echo, to avoid loops of repeated echoes. This limited the repetition

rate of clicks for the dolphin. Full-duplex systems could enable phantom echo

experiments with free moving animals and without restrictions on repetition rate,

paving the way for more research on the echo location capabilities of dolphins,

even in the wild.

Animal telecommunication (Figure 2C)

Dolphins use vocalizations and clicks to communicate between con-specifics. In

1965, an experiment recorded the communication between two dolphins kept

in separate tanks, connected with an electronic communication system (Lang &

Smith, 1965). This system had no echo-suppression, and the receiver and trans-

mitter had to be placed far apart inside each pool to minimize the echo and pre-

vent feedback oscillations. A squelch circuit that disables transmission when the

signal is below a threshold was missing in this setup and from the background
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noise the dolphins could infer when the system was turned on. We argue that the

technology of echo suppression presented in this paper could lead to significant

improvements in experiments on the communication of dolphins. For instance,

dolphins performing synchronous aerial jumps have been observed to coordinate

their behavior with click trains (Marulanda et al., 2021). Could they synchronize

their jumps in remote locations while connected with a telecommunication sys-

tem? It has also been shown that two dolphins together could solve cooperative

tasks (King et al., 2021). Could they collaborate remotely through a telecommu-

nication channel? What kind of information would they be able to share with

each other to solve increasingly complex problems? An experiment to test the use

of referential labels in cooperating dolphins was proposed by Rossa et al. (2022).

Full-duplex systems have provided some answers to such questions in a study

of the influence of social learning on auditory discrimination task in songbirds

(Narula et al., 2018). Also, animal telecommunication systems allow for modifying

signals in real time to test hypotheses about the roles of auditory features for com-

munication. The modifications could include adding noise, delays, or filtering out

of individual links in communication networks (Rychen et al., 2021). In the wild,

under water telecommunication systems could be a means to assist entrapped

cetaceans (Jourdain, 2021) to find their way back to their conspecifics by establish-

ing an acoustic link between the entrapment bay and the outside group members.

Human–Animal interaction (Figure 2D)

In the pilot deployment described below, a direct human–animal interaction

was used to assess the performance of our system and to explore our ability to

capture the animals’ attention. In contrast to the interactive playback paradigm

(Figure 2A), human–animal vocal interaction is technically simpler and more

flexible. While a computer program offers a high degree of repeatability, a human

in the loop shifts the research focus to softer factors of communication, such as

curiosity, bonding, and surprise. In 2008, Rothenberg played clarinet in accom-

paniment with a singing male humpback whale and suggested interspecies music-

making as a potential tool in helping understand the complex communication

strategies of cetaceans (Rothenberg, 2008). Spontaneously mimicking of human

vocalization has been observed in cetaceans and reports suggest mutual curiosity

to be a driving factor (Ridgway et al., 2012). In addition, having the human reac-

tivity in the loop could help with studying phenomena such as joint rhythm and

turn taking (Pika et al., 2018) that are still difficult to handle with computer pro-

grams. A full-duplex communication system is needed to study these phenomena

in a shared communication channel.
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Figure 2. Four classes of acoustic interactive experiments with cetaceans that can benefit

from a full-duplex system: (A) Computerized interactive playback experiments.

Prerecorded acoustic stimuli are played back depending on the behavior of the animal.

(B) Phantom echo (artificial sonar target). A low latency digital signal processing unit

detects incoming echolocation clicks, and then emits a computed echo to simulate a

virtual target. (C) Telecommunication between two animals to study their

communication. This approach provides separated recordings of individuals, the signals

can be modified or filtered in real-time, and additional signals can be injected. (D) Direct

human – animal vocal interaction. This setup allows humans to interactively experience

the underwater acoustic space

Based on the insights presented above, we conclude that researching the

acoustic communications of cetaceans needs technology that allows for a full

duplex signal flow. We therefore set out to implement a first full duplex system for
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underwater acoustic interactions, and to test it in the real scenario, using it from a

boat to interact with killer whales and humpback whales in the fjords of northern

Norway.

Pilot experiments

We designed, developed, and field-tested a system for acoustic full-duplex com-

munication between a human experimenter and an underwater acoustic space

(see Figure 2D). The system was first tested in 2020 and then deployed in 2021 in

Norway in waters frequented by killer whales and humpback whales for the initial

observation of their reactions and behaviors.

Through a stereo headphone, the experimenter could listen to the underwater

sounds captured by two separate hydrophones in the water. The experimenter’s

vocalizations were broadcast over an underwater speaker located approximately

six meters below the boat. Two echo-suppression filters reduced the signals of the

direct sound transmission from the speaker to the hydrophones to attenuate the

experimenter’s own sounds, to allow for more gain and provide better perception

of faint distant sounds, and reverberations in the fjords.

The goal of this initial pilot deployment was to collect insights regarding the

following three objectives:

1. Assess the performance of our echo-suppression system for underwater

acoustics by measuring the suppression of the direct echo in decibels (dB)

and identify points for improvement.

2. Listen to wild animals’ behaviors and attempt to react live to their vocaliza-

tion. Observe potential initial signs of curiosity or reaction of the animals to

human-produced sounds.

3. Subjectively report on human’s active experience of the underwater acoustic

scene.

System

The system comprised an underwater loudspeaker with a fixed array of four

hydrophones (Figure 3B). The electronic system was mounted inside a transport

case (Figure 3C), including a battery, analog amplifiers, and a digital signal pro-

cessing system based on FPGAs (Figure 4). To ensure high dynamic range, low

noise, and good linearity, we used instrument-grade analog to digital converters

(ADC) and digital to analog converters (DAC) designed for audio applications.
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The vocalizations of the human experimenter were either captured with a direc-

tional microphone or a contact microphone in the form of a piezo disk pressed to

the throat.

Figure 3. (A) We installed the full-duplex interaction system on a small motorboat. The

experimenter wore a headset and interacted with the underwater sonic environment.

(B) We mounted an underwater loudspeaker (LL916, Lubell Labs, USA) and four

hydrophones (HTI-96, High Tech Inc., USA, red arrows) 70 cm below the speaker to a

plastic frame made of polyethylene (PE-HD), that minimizes acoustic disturbances). The

speaker was lowered overboard to about 6 m into the water. (C) To protect the electronics

from saltwater splashes, they were placed inside the cabin of the motorboat

We implemented echo suppression with two adaptive LMS filters of 512 sam-

ples length, corresponding to 10.24 ms and to 15.36 m sound propagation distance.

The filters were tuned by playing white noise for a few seconds at a source level

of 145–155 dB (re 1 µPa rms at 1 m) in the 200 Hz–20 kHz band. The normalized

tuning rate, a parameter that specifies how fast the adaptive filter converges, was

typically 0.01, see (Rychen et al., 2021) for details. We calibrated the loudspeaker

and its amplifier based on the frequency-averaged sound-pressure measurement
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of 184 dB re µPa/V at a distance of 1 m in the axial direction of the speaker in the

band of 200 Hz–20 kHz.

Figure 4. Overview of the full-duplex system architecture. We used a controller

(CompactRio, NI-9057, National Instruments, USA) with a real-time Linux operating

system. The integrated FPGA interfaces with input and output (IO) modules and runs

the signal processing including the adaptive LMS filters for echo-suppression. Digital-to-

analog converters (DAC) and analog-to-digital converters (ADC) with 24-bit sigma-delta

converters were run at a sample rate of 51.2 kHz. All IO modules were driven by a

common clock for synchronized sampling of all channels. The two output channels of the

first NI-9260 module were amplified and connected to an analog stereo headphone. A

directional condenser microphone was connected to a microphone preamplifier and then

to the analog input module NI-9250. The underwater loudspeaker (Lubell Labs, USA)

was driven by a mono 100-W class-D amplifier (TPA3116D2, Texas Instruments),

followed by an impedance matching circuit (Transformer Model AC202B, Lubell Labs,

USA). The signal was generated by one channel of the second NI-9260 module. We used

four hydrophones (High Tech Inc., USA) with integrated ICP preamplifiers. These were

connected directly to the four input channels of the NI-9234 module, which delivered an

excitation current of 2 mA to each of the preamplifiers. We used the factory calibration

measurement for hydrophones with sensitivities of −170 dB re 1 V/µPa (+/− 0.3 dB). The

system used about 10 W and the 12 V, 100 Wh battery allowed for a run-time of at least 6

h. All signals on the FPGA were saved to a file on an SD-card. Live inspection of the

signals and device control was made possible thanks to a user interface running on a

portable computer. All programming was done in LabVIEW (National Instruments,

USA)
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Field test

We tested the system in December 2021 in fjords near the village of Skjervøy in

northern Norway (N 70.0336, E 20.9880), during the season where many hump-

back whales (Megaptera novaeangliae) and killer whales (Orcinus orca) regularly

feed on herring (Clupea harengus). Using a small motorboat (Figure 3A), we con-

ducted daily excursions looking either for animals or a quiet place. Before record-

ing, we stopped the boat and turned off the engines and the depth finder, lowered

our hydroacoustic system into the water, and tuned the echo-suppression filters.

Thereafter, wearing a stereo headphone, the experimenter could listen for under-

water sounds, including the echoes from self-generated sounds broadcast through

the speaker.

Results and discussion

We performed 18 boat excursions, lasting between 3 and 7 hours and deployed the

system in total 91 times. From all deployments we could Extract 6 sessions of total

46 minutes in which animal vocalizations were clearly detectable and the ambient

noise level from boats and waves were low enough such that the signals of interest

could be analyzed by human listening and by graphic inspection of the spectro-

grams.

Echo suppression performance

We established an echo suppression of 18 dB, measured with white noise within

the 200 Hz to 20 kHz band. The impulse response function is shown in Figure 5A.

The impulse response function can be interpreted as the signal in response to a

very short pulse with a defined intensity.

The impulse response function in Figure 5A is zero for the first 0.5 ms, which

agrees well with the 70 cm distance between the hydrophones and the speaker (we

corrected an offset of 1.388 ms to account for the specified delay of the ADC and

DAC and an internal delay of four samples (80 µs) in our signal processing on the

FPGA).

Figure 5B shows a hypothetical situation with an animal at a 1km distance,

corresponding to an attenuation of 60 dB. Typically, orcas vocalize with a source

level of 150–170 dB (Holt et al., 2011), yielding a sound pressure level of 90–110 dB

at the hydrophone. The source level of our speaker was about 140–160 dB, arriv-

ing at the animal’s location at a level of 80–100 dB. Our echo suppression of 18 dB

reduced the level of our own signal to 122–142 dB and thus experimenters typi-
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Figure 5. Experimental echo suppression performance. (A) The impulse response

function after tuning the adaptive filter with white noise. The curve represents the 512

filter coefficients of the adaptive filter. The lower x-axis indicates the time delay, and the

upper x-axis indicates the corresponding travel distance of the sound waves (c =1475 m/

s). (B) Diagram of sound levels (rms re 1 µPa) in a typical situation with an animal 1 km

away. With an echo-suppression of 18 dB, the own sounds on the headphones are louder

than those of the remote animal

cally heard their own voice louder than that of the animals’. This limited the gain

for the headphones to prevent pain in the ears and thus limited our ability to lis-

ten to distant animals.
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The achieved echo suppression of 18 dB proved less effective than expected.

The reason for the limitation in performance is unclear in this case. Typically,

nonlinearities of the amplifier and the speaker cause harmonic distortions, which

are the main limiting factors of echo suppression systems (Ling, 2014). A major

improvement can be expected by sensing the speaker’s signal with an additional

analog-to-digital converter. This signal could be used in the regression of the

adaptive filter, circumventing the non-linearity of the power amplifier and trans-

former. It has been shown that an echo-suppression of 69 dB can be achieved

in this way (Shen et al., 2020). Another factor limiting the echo suppression is

the time-varying impulse response function from a moving sea surface and was

addressed in ref (Shen et al., 2020). Yet another improvement could be to use a

more rigid frame for the loudspeaker and hydrophones (see Figure 3) to avoid

mechanical resonances.

This pilot experiment allowed us to assess echo-suppression performance

with a mobile system in a realistic experimental situation in a harsh environment.

Human experience of underwater soundscape

One motivation behind the development of the echo suppression system was

to enable a new form of underwater acoustic perception for humans. The full-

duplex system allows for experimenters to be vocalizing and clearly perceiving the

echoes and reverberations of their voices within the fiords. The deep and granite-

walled fjords of Arctic Norway form an unusual underwater acoustic scene. The

echo-suppression filters attenuated echoes from reflections up to 6 m around the

speaker (Figure 5A), but further echoes remained unchanged. By using two of the

four hydrophones for the headphones, we obtained a stereo percept. The speed

of sound being five times faster in water than in air, therefore, from the perspec-

tive of interaural time differences, placing the hydrophones 1 m apart in water

corresponds to the roughly 20 cm distance of human ears. To obtain also inter-

aural intensity differences, one would need a heavy and five times larger model

of a human head with hydrophones in the ears (e.g., a concrete sculpture). How-

ever, computational methods exist to simulate head-related transfer functions,

and underwater spatial audio has been demonstrated with a four-hydrophone

array (Delikaris-Manias et al., 2018).

The limited echo-suppression impeded on the perception of distant echoes.

The direct signal from the speaker to the hydrophone was strong, limiting the gain

at which we could listen to the hydrophones. For a more immersive experience of

the underwater world, further improvements to the echo-suppression system are

needed, which seems feasible (Shen et al., 2020).
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Making the underwater acoustic world perceivable to humans could be an

important factor for raising awareness of the unique acoustical world inhabited

by these animals, who evolved to use sound as their primary sense. Acoustic pol-

lution is a major thread for killer whales and other cetaceans (Jourdain, 2019).

Vocal interactions with orcas and humpbacks

One important motivation of this research is to enable direct acoustic streaming

between cetaceans and human experimenters. During the pilot deployment of the

system, we seek initial interactions with wild animals.

We aimed to engage orcas or humpback whales in interaction by imitating

their sounds and adapting to their vocal rhythms. The goal was to address an ani-

mal by providing a stimulus that was not random but that had a correlation with

its own vocalizations. We expected to observe interest of the animals and playful

exploration of the new sound source due to their natural curiosity.

Although this pilot experiment aimed at testing the new system in realistic

conditions and was not designed to gain scientific insights into the animals’ reac-

tion, our initial observations may suggest hints of reaction of the animals to our

sounds. Those initial observations are reported below.

Figure 6 shows four example spectrograms with animal vocalizations and

human sounds in different colors. Subfigures A and C show interactions with

humpback whales, and subfigures B and D show interactions with orcas.

The humpback whales in northern Norway become vocally very active by

the end of December. They produce rhythmic sounds, but the sequences are

not as stereotyped as those songs on the breeding grounds (Handel et al., 2012;

Magnúsdóttir & Lim, 2019). They repeat characteristic vocal units, typically 2–6

times with gaps of about 2 s between each repeated unit. In some of our encoun-

ters, when we tried to produce imitations of their vocalizations during the gaps,

they repeated the same unit more than 10 times.

For the orcas, we preferred to experiment with them immediately after a

feeding event, when they engage in social and playful behaviors, and disperse

into smaller groups, while vocalizing extensively. Their whistles are typically up-

sweeps, with a few rare instances of reported down-sweeps calls. In a call-type

catalog for Norwegian killer whales (Shapiro, 2008), we found only one call, the

N64, with a clear down-sweep frequency contour. In one of our encounters, the

experimenter was whistling with down-sweeps and the orcas engaged in a cho-

rus of down-sweep whistles that lasted several minutes. A spectrogram is depicted

in Figure 6B. Figure 6D shows an encounter with a juvenile and an adult orca,

probably a mother-calf pair. The pair approached and circled our boat seemingly

investigating our acoustic device in the water with direct click trains, often directly
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after we broadcast a vocalization. This may suggest that the orcas investigated the

new unknown sound source in the water. More investigations based on scien-

tific protocols are needed to validate these observations. Future work includes the

identification of measurable factors and protocol designs using the system focused

on call timing, acoustic characteristics, animal location and movements, etc.

Figure 6. Four example spectrograms of interactions with humpback and killer whales.

The horizontal axis is time, with extent indicated in seconds. The vertical axis is linear in

frequency starting from zero with extent indicated in kHz. Green-yellow is the signal

from the hydrophones and indicates all background sounds including animal

vocalization. Overlaid in purple is the human signal broadcast through the speaker.

(A) Humpback growls alternating with human quacks. (B) Down sweep chorus with

orcas. C: Rhythmic humpback whups (encircled) alternating with human whup

imitations. (D) Orca click trains presumably aimed at our acoustic system right after a

human high-frequency sound. Some of the clicks overloaded the signal (vertical lines

down to the lower edge). For audiovisual media: https://youtu.be/KWZFDMFLUfA

Conclusion

We presented the design and pilot deployment of a full-duplex communication

system to research cetaceans’ communication abilities. Our system provides a

bidirectional acoustic link into the water. At the heart of the system is the echo-
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suppression that achieved a performance of 18 dB. We tested the system in north-

ern Norway and made an initial exploratory attempt to vocally interact with wild

orcas and humpbacks aiming to engage the animals by imitating their sounds and

adapting their rhythm. Although all members of the expedition got the subjective

impression that the animals did react to our sounds, this pilot experiment doesn’t

allow us to claim this with valid scientific evidence. However, this new techno-

logical approach aims to enable future designed study to significantly address the

animal’s curiosity towards human made sounds. Further engineering efforts are

needed to improve the echo-suppression and adapt the system for specific exper-

imental needs. Such a system may open the door to new research on interactive

playbacks, artificial sonar targets, animal telecommunication, and human–animal

communication.
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