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Executive Summary 

 
1.1 The Challenge 

 

The global blue economy is undergoing a data revolution. The proliferation of sophisticated subsea sensors, autonomous 

underwater vehicles (AUVs), and remotely operated vehicles (ROVs) has created an unprecedented capacity to generate vast 

quantities of high-resolution data from the world's oceans. However, this explosion in data generation is constrained by a 

fundamental and persistent bottleneck: underwater communication. The unique physics of the marine environment render 

conventional wireless technologies ineffective, leaving the subsea domain as the last frontier for reliable, high-bandwidth 

connectivity. This communication gap severely limits real-time operational awareness, delays critical decision-making, and 

inflates costs, preventing industries from fully capitalizing on the value of their subsea data assets. 

 

1.2 The Solution 

This white paper introduces a landmark strategic partnership between Æ, a Canadian leader in Hardware-as-a-Service (HaaS) 

and high-performance cloud infrastructure, and EvoLogics, a global pioneer in advanced underwater acoustic communication. 

This collaboration delivers a novel, fully integrated, end-to-end "sensor-to-cloud" architecture designed to definitively solve the 

subsea data challenge. By seamlessly merging state-of-the-art subsea telemetry with elite computational power, this partnership 

provides a comprehensive solution that accelerates the entire data lifecycle, from initial acoustic ping in the deep ocean to 
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actionable insight delivered via a secure cloud dashboard. 

 

1.3 The Technology 

 

The power of this solution lies in the deep technological synergy between the partners. EvoLogics provides the critical physical 

link with its patented, bio-inspired Sweep-Spread Carrier (S2C) acoustic modem technology.1 S2C offers an exceptionally robust 

and reliable data connection that overcomes the severe challenges of the underwater channel, such as multipath distortion and 

signal fading, which cripple conventional systems.3 This ensures that high-value data can be transmitted from subsea assets with 

unparalleled fidelity. Æ provides the indispensable computational backbone. Leveraging strategic partnerships with cloud and 

hardware giants like NVIDIA, Google, IBM, and AWS, Æ's powerful cloud and edge computing infrastructure is supercharged by 

cutting-edge GPU accelerators. This infrastructure delivers the immense processing power required to analyze complex sonar, 

video, and sensor data streams at speeds previously unattainable, transforming raw data into valuable intelligence in 

near-real-time. 

 

1.4 The Value Proposition 

 

For clients across the marine sector, the Æ-EvoLogics partnership unlocks a new tier of operational capability and economic 

efficiency. The key benefits include: 

●​ Reduced Operational Latency: Drastically shortens the time from data acquisition to decision-making, enabling dynamic 

mission planning and rapid response to changing subsea conditions. 

●​ Enhanced Safety and Risk Mitigation: Facilitates real-time monitoring of critical subsea infrastructure, allowing for early 

detection of potential failures and environmental hazards. 

●​ Significant Cost Savings: Optimizes maintenance schedules through predictive analytics, reduces the need for costly 

vessel deployments for data recovery, and increases the efficiency of survey and inspection campaigns. 

●​ Enablement of New Data-Driven Services: Provides the foundational architecture for advanced applications such as 

persistent environmental monitoring, autonomous fleet operations, and the creation of sophisticated subsea Digital Twins 

for predictive maintenance and lifecycle management. 



 

 

1.5 Target Industries 

 

This integrated solution is engineered to deliver transformative value to a wide range of sectors operating within the blue 

economy, including: 

●​ Offshore Energy (Oil & Gas, Wind Farm Development and Maintenance) 

●​ Defense and National Security 

●​ Oceanographic and Scientific Research 

●​ Environmental Monitoring (e.g., Tsunami Warning Systems) 

●​ Aquaculture and Fisheries Management 

 

Section 2: The Subsea Data Frontier: Navigating the Challenges of Underwater Communication 

 

 

2.1 The Acoustic Imperative 

 

To understand the value of advanced subsea data solutions, it is essential to first grasp the fundamental physical constraints of 

the underwater environment. Unlike terrestrial communications, which are dominated by electromagnetic waves, the marine 

domain presents a unique set of rules. Radio frequency (RF) and optical signals, the backbones of modern wireless technology, 

are severely attenuated in conductive seawater.4 High-frequency radio waves propagate only a few meters, while even 

extra-low-frequency signals require immense antennas and power for limited range.4 Similarly, optical communication, while 

capable of very high data rates, is limited to short, clear-water applications due to scattering and absorption.5 

This leaves acoustic waves—sound—as the single most effective and viable medium for transmitting information wirelessly over 

meaningful distances underwater.6 However, the properties of sound in water introduce their own profound challenges. The 

speed of sound in water is approximately 1500 m/s, a stark contrast to the 300,000,000 m/s speed of light in a vacuum.8 This 

physical reality imposes extremely high propagation delays and latency that are orders of magnitude greater than those in 



 

terrestrial networks.7 For example, sending a signal to an asset 1.5 km away and receiving a response takes a minimum of two 

seconds, a delay that can cause standard network protocols to "time out" and fail.9 This inherent latency is a foundational 

constraint that shapes the design of all underwater communication systems and operational workflows. 

 

2.2 The Hostile Channel: Primary Obstacles to Reliable Data Transmission 

 

Beyond the fundamental speed limit of sound, the underwater acoustic channel is widely regarded as one of the most complex 

and challenging communication media in existence.10 Data transmitted through this channel is subjected to a gauntlet of 

distorting effects that can easily corrupt or destroy the information. 

The most significant of these challenges is multipath propagation.3 An acoustic signal transmitted from a source does not travel 

in a straight line to the receiver. Instead, it reflects off the seafloor, the water's surface, and layers of water with different 

temperatures or densities (thermoclines).3 This creates a "hall of mirrors" effect, where multiple copies, or echoes, of the same 

signal arrive at the receiver at slightly different times and with varying strengths.15 This phenomenon causes severe inter-symbol 

interference (ISI), where the echoes of a previous data symbol overlap and corrupt the reception of the current one. This problem 

is particularly acute in shallow, reverberant waters, where the surface and bottom are close together, creating a dense and rapidly 

changing field of echoes that can render traditional communication methods unusable.9 

Compounding this issue is the limited and variable bandwidth of the channel. The ocean absorbs acoustic energy, and this 

attenuation is highly dependent on frequency; higher frequencies are absorbed more rapidly than lower ones.7 This physical law 

creates an inescapable trade-off: to achieve long-range communication (kilometers), one must use low frequencies (e.g., below 

30 kHz), which inherently support only low data rates.6 Higher data rates require wider bandwidths, which are only available at 

higher frequencies, limiting communication to much shorter ranges.6 The channel is therefore both bandwidth-limited and 

distance-dependent, a severe constraint on system design. 

Furthermore, the signal is subject to time-varying fading and environmental distortion. The dynamic nature of the 

ocean—driven by factors like currents, tides, temperature changes, salinity, and pressure—means the communication channel is 

never static.3 The paths the acoustic signals take and the strength with which they arrive can fluctuate unpredictably from one 

moment to the next.3 Additionally, the relative motion between a transmitter and receiver, such as on a moving AUV, introduces 

Doppler shifts in the signal's frequency.16 This effect can be particularly damaging to phase-sensitive modulation schemes, 

causing a loss of synchronization and data corruption. 



 

 

2.3 Operational and Economic Implications 

 

These daunting technical challenges translate directly into significant operational and economic burdens for any organization 

operating in the subsea domain. The historical difficulty of achieving reliable communication has led to several key 

consequences: 

●​ High Equipment Costs: The niche market and technical complexity of underwater acoustic modems, particularly the 

specialized piezoelectric transducers required, have kept their costs high, creating a significant barrier to entry for 

widespread deployment of large-scale sensor networks.11 

●​ Inefficient Workflows: The prevailing operational model for AUVs has been "collect-recover-process".20 An AUV is 

deployed for a mission lasting several hours, during which it stores terabytes of sensor data onboard. The support vessel 

must then physically recover the vehicle to offload the data, a process that can take over an hour for a single mission's 

data transfer via a physical link.21 This workflow introduces delays of hours or even days between data collection and 

analysis, making it impossible to react to findings in real-time.8 

●​ Limited Capabilities: The low data rates of older modem technologies (often just kilobits per second) have historically 

precluded the use of data-intensive applications.5 Real-time, high-definition video streaming, transmission of 

high-resolution sonar imagery, and remote control of complex subsea robotics have been largely impossible, forcing 

operators to rely on cumbersome and expensive tethered systems or accept significant operational latency. 

The core problem of underwater communication is not simply a matter of signal strength, but one of signal integrity in the face of 

overwhelming distortion. The physics of the medium itself creates a complex, time-varying echo chamber that legacy 

communication systems were not designed to handle. This reframes the challenge: the path to reliable subsea data transmission 

lies not in brute-force power, but in a more intelligent and adaptive method of encoding and decoding information that can 

master—or even exploit—the complexities of the acoustic channel. 

 

Section 3: A Comparative Analysis of Underwater Acoustic Modulation Techniques 

 

The evolution of underwater acoustic modems has been a continuous quest for modulation techniques that can overcome the 

hostile nature of the subsea channel. The choice of modulation scheme is the single most important factor determining a 



 

modem's performance, dictating its data rate, reliability, and robustness. Understanding this evolution reveals a clear 

technological progression towards more sophisticated and resilient systems. 

 

3.1 Foundational (Non-Coherent) Techniques 

 

The first generation of digital acoustic modems was built upon relatively simple, non-coherent modulation schemes. These 

methods rely on detecting energy in specific frequency bands and are inherently robust to the phase instabilities common in the 

underwater channel, but at the cost of bandwidth efficiency. 

Frequency Shift Keying (FSK) was the earliest and most straightforward approach. In its simplest binary form (BFSK), two 

distinct frequencies are used to represent '0' and '1'.13 The transmitter simply alternates between these tones to send a data 

stream. This simplicity made FSK the basis for the first commercial acoustic modems, such as the Digital Acoustic Telemetry 

System (DATS) developed in the 1980s.4 While robust in certain conditions, FSK's primary weakness is its extreme vulnerability to 

multipath propagation.13 The multiple strong reflections arriving at the receiver can confuse the simple energy detectors, leading 

to high bit error rates. This flaw severely limits the reliable use of FSK to vertical or near-vertical channels where multipath is 

minimal.13 Despite this, multi-frequency FSK (MFSK), which uses a larger set of frequencies, is still offered by some modern 

manufacturers, like Teledyne, as a reliable, albeit lower-data-rate, communication option.22 

 

3.2 Advanced (Coherent) Techniques 

 

Coherent techniques encode information in the phase of the carrier signal, offering significantly greater spectral efficiency and 

thus higher potential data rates within a given bandwidth. 

Phase Shift Keying (PSK) is a prime example. Data is modulated by changing the phase of a reference carrier wave.13 This 

method is widely used in terrestrial wireless systems and forms the basis for higher-speed modes in some acoustic modems.22 

While PSK outperforms FSK in terms of data throughput, it is much more sensitive to the rapid phase fluctuations and Doppler 

shifts caused by motion and surface variability in the underwater channel.18 Successful implementation requires sophisticated 

adaptive equalization and phase-tracking algorithms at the receiver to compensate for these channel distortions. 

Orthogonal Frequency-Division Multiplexing (OFDM) represents a more advanced coherent technique. OFDM divides a wide 



 

communication channel into a large number of closely spaced, orthogonal sub-carriers.13 Data is transmitted in parallel across 

these sub-carriers at a much lower symbol rate than in a single-carrier system. This architecture makes OFDM inherently resilient 

to the frequency-selective fading caused by multipath, as only a fraction of the sub-carriers are likely to be affected by a fade at 

any given moment.10 This resilience has made OFDM a favorable scheme for high-data-rate underwater communication research 

and applications.12 

 

3.3 The Spread Spectrum Revolution 

 

A fundamentally different and highly effective approach for communication in harsh environments is spread spectrum. Instead 

of concentrating signal energy into a narrow band, this technique intentionally spreads the signal over a much wider frequency 

range.25 This is achieved by modulating the original data signal with a unique, pseudo-random code that is known to both the 

transmitter and the intended receiver.25 At the receiver, the same code is used to "de-spread" the signal, collapsing it back to its 

original bandwidth while simultaneously spreading out any interfering signals, which are then easily filtered out. 

This approach provides a suite of powerful advantages perfectly suited to the underwater channel: 

●​ Immunity to Multipath and Interference: Because the signal occupies a wide band, it gains frequency diversity. A 

multipath fade or a narrowband noise source that might obliterate a conventional signal will only affect a small portion of 

the spread spectrum signal's energy, allowing the receiver to recover the data successfully.25 

●​ High Robustness: The "processing gain" achieved during the de-spreading process provides a substantial improvement in 

the effective signal-to-noise ratio, enabling reliable communication even when the signal is weak or buried in ambient 

noise.25 

●​ Secure Communication: To an unintended listener without the correct pseudo-random code, the spread spectrum signal 

appears as unintelligible, low-level background noise.17 This provides a low probability of intercept (LPI) and inherent 

security, a critical feature for military and defense applications.27 

The two primary implementations are Direct-Sequence Spread Spectrum (DSSS), where the code is multiplied directly with the 

data stream, and Frequency-Hopping Spread Spectrum (FHSS), where the carrier frequency rapidly hops across the band 

according to the code sequence.13 DSSS, in particular, has proven highly effective in underwater environments.17 The 

technological progression from simple, interference-prone methods to advanced, robust spread spectrum techniques marks a 

critical step-change in the pursuit of reliable underwater data telemetry. 



 

The following table provides a comparative summary of these key modulation techniques, illustrating the clear advantages 

offered by spread spectrum approaches in the challenging subsea environment. 

 

Modulation 

Technique 

Principle of 

Operation 

Typical Data 

Rate 

Multipath 

Resistance 

Robustness 

to Noise / 

Doppler 

Security (LPI) Key 

Weakness 

FSK Encodes 

data using 

distinct 

frequencies 

for symbols 

(e.g., F1 for 

'0', F2 for '1'). 

Non-coheren

t detection. 13 

Low Very Poor Moderate 

(robust to 

phase noise, 

but not 

frequency-se

lective 

fading). 18 

Poor Extremely 

vulnerable to 

inter-symbol 

interference 

from 

multipath 

reflections. 13 

PSK Encodes 

data by 

shifting the 

phase of a 

carrier wave. 

Coherent 

detection. 13 

Medium to 

High 

Poor 

(requires 

complex 

equalization) 

Low 

(sensitive to 

phase 

fluctuations 

and Doppler 

shifts). 18 

Poor Requires 

stable 

channel 

phase, which 

is rare 

underwater 

without 

advanced 

compensatio

n. 18 

OFDM Divides the 

channel into 

many 

parallel, 

High to Very 

High 

Good Good 

(resilient to 

frequency-se

lective 

Poor High 

peak-to-aver

age power 

ratio (PAPR) 



 

orthogonal 

sub-carriers, 

transmitting 

data at a low 

rate on each. 

13 

fading, but 

sensitive to 

Doppler). 13 

and 

sensitivity to 

carrier 

frequency 

offsets. 

Spread 

Spectrum 

(DSSS/S2C) 

Spreads 

signal energy 

over a wide 

bandwidth 

using a 

pseudo-rand

om code. 3 

Medium to 

High 

Excellent Excellent 

(high 

processing 

gain rejects 

noise and 

interference)

. 25 

Excellent Spreads the 

signal to look 

like noise to 

unintended 

receivers. 17 

 

Section 4: Innovating with Nature: A Technical Deep Dive into EvoLogics' Sweep-Spread Carrier (S2C) Technology 

 

At the forefront of the spread spectrum revolution in underwater acoustics is EvoLogics' patented Sweep-Spread Carrier (S2C) 

technology. S2C is not merely an incremental improvement on existing methods; it represents a fundamental re-imagining of how 

to communicate in the subsea channel, inspired by the very creatures that have mastered it. This technology forms the bedrock 

of the Æ-EvoLogics partnership, providing the robust and reliable physical data link that enables the entire sensor-to-cloud 

architecture. 

 

4.1 Bio-Inspired Engineering 

 

The genesis of S2C technology is rooted in biomimicry. Faced with the persistent problems of multipath and noise, the founders 

of EvoLogics turned to nature's experts in underwater acoustic communication: dolphins and whales.3 These marine mammals do 

not use simple, single-frequency tones. Instead, they communicate using a complex variety of wide-bandwidth "chirps," 

"whistles," and "sings" that continuously change in frequency.3 This natural strategy is highly effective because the continuous 



 

frequency variation not only carries information but also inherently compensates for interference caused by echoes and ambient 

noise.3 After extensive study of the physics of dolphin communication, EvoLogics developed the S2C technology to mimic this 

elegant and naturally optimized solution.3 

 

4.2 The S2C Mechanism: Turning a Weakness into a Strength 

 

The core of S2C technology is a paradigm shift from channel equalization to channel separation. Whereas conventional systems 

receive a distorted, jumbled signal and then attempt to computationally "undo" the damage with complex equalizers, S2C 

employs a clever physical-layer technique that makes the distorted signal components inherently separable. 

The S2C modem transmits data not on a fixed-frequency carrier, but on a carrier that is a continuous, linear 

frequency-modulated waveform—a "sweep" or "chirp" that ramps from a low frequency (fL​) to a high frequency (fH​) over a set 

time interval (Tsw​).28 This continuously spreads the signal's energy across a broad frequency band, inheriting all the benefits of 

spread spectrum communication.3 

The true innovation, however, lies in how the receiver processes this swept signal to defeat multipath interference. The receiver 

generates its own identical, locally synchronized reference sweep. When the incoming signal—containing the direct path signal 

and multiple delayed echoes—is mixed with this local reference, a remarkable transformation occurs. The time delay (τ) of each 

multipath arrival is converted into a distinct and constant frequency shift (Δf).14 A signal that arrives later (a longer path) will be at 

a different point in its frequency sweep compared to the direct path signal when it reaches the receiver. This difference in their 

instantaneous frequencies at the moment of reception becomes a stable frequency offset after processing. 

This ingenious mechanism effectively transforms the complex time-domain problem of overlapping echoes into a simple 

frequency-domain problem of separating distinct tones. The receiver can then use standard band-pass filters to isolate the signal 

from the strongest, most reliable path, completely rejecting the interference from all other echoes.14 More advanced receiver 

architectures can even identify multiple strong paths, process them in parallel, and combine their energy to achieve even greater 

signal-to-noise ratio and link reliability, a technique known as multipath diversity.31 This patented method 15 provides a substantial 

processing gain and allows for successful decoding of signals even in the harshest environments where they are heavily masked 

by noise and reverberation.3 It is a more robust and computationally efficient approach than traditional equalization, leading to 

higher reliability and lower power consumption—critical advantages for battery-powered subsea instruments. 

 



 

4.3 Self-Adaptive Performance 

 

The underwater channel is not static, so a communication system designed for it cannot be either. A key feature of the EvoLogics 

S2C ecosystem is its ability to adapt to changing environmental conditions in real-time. Every modem is equipped with 

self-adaptive algorithms that continuously monitor the quality of the communication link.33 

These algorithms analyze key performance metrics and dynamically adjust the S2C transmission parameters—such as the sweep 

rate, data encoding scheme, and frequency band—to maintain the highest possible bit rate for the current conditions while 

ensuring a target bit error rate (BER) of less than 10−10 is met.33 This is a form of adaptive modulation, a field of growing 

importance in underwater communications that leverages feedback to optimize performance.12 This capability ensures that the 

communication link is always operating at peak efficiency without requiring manual intervention from an operator. For long-term 

deployments, autonomous vehicle operations, and critical monitoring tasks, this "set and forget" reliability is a crucial operational 

advantage, maximizing data throughput and ensuring link stability as ocean conditions inevitably change. 

 

Section 5: The Hardware Ecosystem: Enabling the Next Generation of Subsea Operations 

 

The theoretical advantages of S2C technology are made manifest in a comprehensive and versatile ecosystem of hardware 

products developed by EvoLogics. This portfolio provides the physical-layer foundation for the Æ-EvoLogics integrated solution, 

offering a range of modems and integrated systems tailored to the diverse operational requirements of the marine industry. A 

clear understanding of this hardware is essential for clients to select the optimal components for their specific applications, from 

compact AUVs to long-term seabed installations. 

 

5.1 Overview of the EvoLogics Product Portfolio 

 

EvoLogics has structured its product line into distinct series, each targeting specific use cases based on size, weight, power, and 

performance requirements.1 

●​ R-Series (Standard): This is the flagship, highly configurable product line. R-Series modems are designed as robust, 

versatile workhorses for a broad spectrum of applications. They offer the widest selection of options, including various 



 

frequency bands, transducer beam patterns, and depth ratings for both shallow and deep-water deployments.33 Their 

configurability makes them ideal for fixed subsea installations, larger underwater vehicles, and unique, application-specific 

tasks where performance and flexibility are paramount. 

●​ M-Series (Mini): The M-Series packs the full power of S2C technology into a lighter and more compact form factor. These 

"mini-modems" are specifically designed for size- and weight-sensitive applications, making them a perfect fit for 

integration with modern, agile AUVs and ROVs where payload capacity and hydrodynamic profile are critical 

considerations.33 An example is the S2C M 48/78, a high-speed device delivering up to 31.2 kbit/s over a 1000 m range, 

optimized for horizontal communication in reverberant shallow waters.34 

●​ T-Series (Tiny): Representing the latest generation in miniaturization, the T-Series offers an ultra-compact design that is 

nearly 20% smaller than the M-Series.33 These "tiny" modems are engineered for applications where space is at an 

absolute premium, such as in very small AUVs, diver-held systems, or densely packed sensor nodes. Despite their small 

size, they feature a fully-fledged S2C engine and are compatible with their larger R- and M-series counterparts, ensuring 

network interoperability.35 

●​ Integrated Systems: Beyond standalone modems, EvoLogics leverages the core S2C technology to create powerful 

integrated devices that combine communication with other essential functions.33 

○​ USBL Positioning Systems: The S2C R USBL series combines the functionality of a powerful Ultra-Short Baseline 

(USBL) acoustic positioning transceiver with a full S2C modem. This allows a single device to perform simultaneous 

target positioning and high-speed, full-duplex data transfer, a critical capability for tracking and controlling AUVs or 

ROVs.2 

○​ S2C Beacons: Any R-Series modem can be configured as an S2C Beacon—a compact, battery-powered, 

autonomous device. Often equipped with a built-in acoustic release mechanism and flotation collar for easy 

deployment and recovery, these beacons serve as high-performance transponders for LBL or USBL positioning 

networks, or as nodes in an autonomous underwater communication relay chain.33 

 

5.2 Competitive Landscape 

 

The market for underwater acoustic modems is a specialized but highly competitive field, with several established players offering 

a range of technologies. Understanding this landscape helps to position the unique advantages of the EvoLogics S2C platform. 

The market is projected to experience significant growth, with CAGR estimates ranging from 7.7% to 16.4%, driven by increasing 

activity in offshore energy, defense, and oceanographic research.41 



 

●​ Teledyne Marine (Benthos): A dominant market player with a long history, Teledyne offers a wide array of acoustic 

modems and positioning systems.44 Their product line utilizes a mix of modulation schemes, including MFSK for high 

reliability at lower data rates and PSK for higher throughput, as well as frequency-hopping spread spectrum (FHSS).22 They 

serve a broad customer base, particularly in the defense and offshore oil and gas sectors.22 

●​ Sonardyne: A UK-based leader known for its robust 6G hardware and Wideband 2 acoustic signal processing platforms.46 

Their Modem 6 family is a cost-effective solution for point-to-point data transfer from a wide range of subsea sensors and 

is widely used in offshore energy and ocean science.46 Their systems are engineered for reliable performance in demanding 

environments and offer data rates up to 9,000 bps.46 

●​ Kongsberg Maritime: A Norwegian technology powerhouse, Kongsberg provides acoustic communication capabilities 

primarily through its cNODE series of transponders.49 These devices are tightly integrated with their industry-leading HiPAP 

and µPAP acoustic positioning systems and utilize their proprietary CYMBAL digital communication protocol to achieve 

data rates of up to 6 kbit/s.51 

While these competitors offer capable and proven systems, the EvoLogics portfolio stands apart due to its foundational reliance 

on the patented S2C technology. This provides a distinct and defensible technological advantage in overcoming the core physical 

challenge of multipath interference, positioning EvoLogics as a leader in communication reliability and performance, especially in 

acoustically complex environments like shallow coastal waters. 

The following table provides a consolidated overview of the EvoLogics product line, allowing clients to quickly match their 

operational needs with a specific hardware solution. 

 

Model 

Series 

Model 

Number 

Target 

Applicatio

n 

Frequency 

Band (kHz) 

Max Data 

Rate 

(kbit/s) 

Operating 

Range (m) 

Max Depth 

(m) 

Key 

Features 

R-Series / 

T-Series 

18/34 Mid-range 

horizontal 

transmissi

ons, 

AUV/ROV 

comms 

18 - 34 13.9 3500 2000+ All-round 

performer, 

highly 

configurab

le 33 



 

R-Series 42/65 High-spee

d 

mid-range 

vertical/sla

nt 

transmissi

ons 

42 - 65 31.2 1000 2000+ Wide-angl

e (100°) 

beam 33 

R-Series / 

M-Series 

48/78 High-spee

d 

mid-range 

horizontal 

transmissi

ons 

48 - 78 31.2 1000 2000+ Horizontall

y 

omnidirect

ional, ideal 

for shallow 

water 33 

R-Series HS High-spee

d 

short-rang

e 

transmissi

ons 

120 - 180 62.5 300 2000+ Omnidirect

ional, for 

shallow 

water 

application

s 33 

R-Series 15/27 Long-rang

e 

vertical/sla

nt 

transfers, 

deep 

water 

15 - 27 9.2 6000 6000+ Depth-rate

d, 

wide-angl

e (120°) 

beam 33 

R-Series 7/17 Very 

long-range 

7 - 17 6.9 8000 6000+ Maximum 

range, 



 

horizontal/

vertical 

transfers 

depth-rate

d 33 

Integrate

d 

S2C R 

USBL 

Simultaneo

us 

positioning 

and 

communic

ation 

Varies Varies Varies Varies Combines 

USBL 

transceiver 

and S2C 

modem 33 

Integrate

d 

S2C 

Beacon 

Autonomo

us network 

node, 

LBL/USBL 

transpond

er 

Varies Varies Varies 10000 Battery-po

wered with 

acoustic 

release 39 

 

Section 6: The Data Deluge: From Acoustic Pings to Petabytes 

 

The modern subsea operational environment is characterized by a deluge of data. The transition from simple, single-point 

sensors to advanced, high-resolution imaging and mapping systems has transformed the scale of the data challenge. This shift 

necessitates a corresponding evolution in the infrastructure used to transmit, process, and analyze this information. The Æ 

high-performance computing platform is specifically designed to address this data deluge, turning a potential bottleneck into a 

source of unprecedented operational insight. 

 

6.1 The Modern Subsea Sensor Suite 

 



 

Autonomous and remotely operated vehicles are no longer simple mobile platforms; they are sophisticated data acquisition 

systems carrying an array of powerful sensors. A typical inspection-class AUV or ROV may be equipped with 53: 

●​ Synthetic Aperture Sonar (SAS): These systems produce incredibly high-resolution acoustic images of the seafloor, 

capable of identifying objects and features with centimeter-level precision. 

●​ Multibeam Echosounders (MBES): Used for bathymetric mapping, these sensors emit a fan of acoustic beams to create 

detailed 3D models of the seabed topography. 

●​ Laser Scanners: For close-range inspection, laser systems generate precise 3D point cloud models of subsea assets like 

pipelines and wellheads.55 

●​ High-Definition Video and Still Cameras: Provide essential visual confirmation and detailed inspection imagery of asset 

integrity.56 

●​ Magnetometers and Sub-Bottom Profilers: Used to detect buried pipelines and analyze the geological layers beneath 

the seafloor.57 

The output from these sensors is immense. A single four-hour AUV mission can easily collect 70GB of raw sonar and bathymetry 

data.21 A full-day operation can generate terabytes of information. This data is captured in a variety of specialized, often 

proprietary, file formats that add another layer of complexity to the processing workflow. Common formats include XTF, GSF, and 

HSX for sonar data; SEG-Y and SEG-D for seismic and sub-bottom profiler data; and LAS/LAZ for point cloud data.21 Managing 

this volume and variety of data is a significant logistical and computational challenge. 

 

6.2 The "Collect-Recover-Process" Bottleneck 

 

Historically, the severe limitations of underwater acoustic communication forced the industry into a highly inefficient, 

latency-plagued workflow. Because transmitting terabytes of raw data over a link capable of only a few kilobits per second is 

impossible, the standard operating procedure has been to treat AUVs as submersible hard drives.20 

The typical workflow proceeds as follows: 

1.​ Collect: An AUV is programmed with a mission and deployed from a surface support vessel. It executes its survey lines 

autonomously, collecting and storing all sensor data on internal drives. There is often very little communication with the 

vehicle during this phase.20 

2.​ Recover: Upon mission completion, the support vessel must locate and physically retrieve the AUV from the water, a 

time-consuming and weather-dependent operation. 



 

3.​ Process: Once the AUV is on deck, the data must be offloaded via a physical connection. This data transfer alone can take 

over an hour for a single 4-hour mission.21 Only then can the data be processed by technicians on the vessel or, more 

commonly, shipped back to an onshore facility for full analysis. 

This "collect-recover-process" cycle introduces a fundamental latency of hours, or more often days, between the moment data is 

acquired and the point at which it yields actionable intelligence.8 For time-sensitive operations—such as responding to a potential 

pipeline leak, conducting a search and rescue mission, or adapting a survey plan based on initial findings—this delay renders the 

data far less valuable, if not entirely useless. 

The core of this bottleneck is not just the volume of the data, but its computational density. Raw sensor data, particularly from 

systems like Synthetic Aperture Sonar, is not immediately interpretable. It consists of raw acoustic returns that must undergo 

computationally intensive processing—such as beamforming, backprojection, and coherent change detection—to be transformed 

into a high-resolution image or a 3D model.58 This processing requires a massive number of floating-point operations, a workload 

that has traditionally necessitated powerful topside computer systems and has been far beyond the capability of the low-power 

processors on an AUV. Therefore, the true challenge is not merely storing 70GB of data, but performing the trillions of 

calculations needed to convert that raw data into a clear picture of a pipeline's integrity. It is this computational load that makes a 

high-performance, GPU-accelerated infrastructure an absolute necessity, not a luxury. 

 

Section 7: The Æ Cloud-Edge Symbiosis: Accelerating Subsea Data from Acquisition to Actionable Insight 

 

The strategic partnership between Æ and EvoLogics directly confronts and resolves the "collect-recover-process" bottleneck. By 

integrating a reliable, real-time communication link with an immensely powerful and scalable computational infrastructure, this 

collaboration enables a new, symbiotic workflow that transforms subsea data from a latent historical record into a dynamic, 

real-time operational asset. 

 

7.1 A New Paradigm: Real-Time "Sensor-to-Cloud" Architecture 

 

The Æ-EvoLogics solution facilitates a paradigm shift to a more intelligent and efficient data workflow: "Collect -> Process at 

the Edge -> Transmit High-Value Data -> Analyze at Scale in the Cloud." 



 

In this model, raw sensor data is no longer passively stored for later retrieval. Instead, it is immediately processed by 

high-performance computers located at the "edge"—either on an autonomous surface vessel (USV), a support ship, or even a 

powerful processing pod integrated into the AUV itself. This edge processing condenses the massive raw data streams into 

smaller, information-rich products (e.g., compressed 3D models, lists of anomalies, or key video frames). These high-value data 

products are then transmitted in near-real-time over the robust EvoLogics S2C acoustic link to the surface.59 From there, the data 

is relayed via satellite to Æ's secure cloud for large-scale analysis, visualization, and long-term storage. This architecture breaks 

the latency barrier, enabling operators to see and react to subsea events as they happen. 

 

7.2 GPU-Accelerated Edge and Cloud Processing 

 

The engine driving this new paradigm is GPU acceleration. The complex algorithms used in modern digital signal processing 

(DSP) for sonar, video, and other sensor data are characterized by massive parallelism—performing the same mathematical 

operations on millions of data points simultaneously. This type of workload is perfectly suited to the architecture of a Graphics 

Processing Unit (GPU), which contains thousands of smaller cores designed for parallel computation, in contrast to a CPU's few 

powerful cores optimized for sequential tasks.60 

Æ's Hardware-as-a-Service (HaaS) and cloud offerings provide clients with on-demand access to enterprise-grade NVIDIA 

GPUs, enabling two critical capabilities: 

●​ Processing at the Edge: By deploying GPU-powered servers on support vessels or platforms, computationally intensive 

tasks like SAS image reconstruction (beamforming) can be performed in real-time.58 This allows operators to view 

high-resolution sonar imagery as the AUV is still conducting its survey, a capability that can dramatically improve survey 

quality and efficiency. 

●​ Analysis in the Cloud: For large-scale, multi-mission analysis, data is sent to Æ's cloud infrastructure. Here, massive 

clusters of GPUs can be leveraged to process entire survey datasets, train machine learning models for automated target 

recognition, or run complex simulations on Digital Twins in a fraction of the time required by traditional CPU-based data 

centers.60 

This raw computational power is made accessible and efficient through a suite of specialized software libraries. Æ's platform 

leverages NVIDIA CUDA-X, a collection of GPU-accelerated libraries for a wide range of domains.62 Of particular importance is 

the 



 

RAPIDS suite, an open-source collection of libraries that provides GPU-accelerated equivalents of popular Python data science 

tools.63 Libraries like cuDF (for GPU-accelerated DataFrames, similar to pandas), cuML (for GPU-accelerated machine learning, 

similar to scikit-learn), and cuGraph (for graph analytics) allow data scientists and engineers to build high-performance data 

processing pipelines with familiar APIs, dramatically lowering the barrier to entry for GPU computing.61 

 

7.3 Scalable Cloud Platforms for Oceanographic Data 

 

Managing the lifecycle of marine data, which can quickly scale to petabytes, presents a significant challenge. Traditional 

on-premise storage solutions are often costly, difficult to scale, and hinder collaboration. Æ's cloud services, built upon 

partnerships with industry leaders like Google, AWS, and IBM, provide a purpose-built solution for oceanographic data 

management.65 

These platforms offer secure, scalable storage that grows with project needs, eliminating the risk of data silos on scattered hard 

drives.66 They provide tools for harmonized data integration, allowing diverse datasets from multiple missions and sensor types to 

be combined into a unified, analysis-ready format.65 Through developer-friendly APIs and SDKs, clients can build custom 

applications, dashboards, and analytical workflows on top of this managed data layer, fostering collaboration between teams 

located anywhere in the world.66 

 

7.4 The Rise of the Digital Twin 

 

The ultimate application of this integrated sensor-to-cloud architecture is the creation of a subsea Digital Twin. A Digital Twin is 

a dynamic, virtual replica of a physical asset—such as an offshore wind turbine or a subsea wellhead—that is continuously 

updated with real-time data from its real-world counterpart.68 

The Æ-EvoLogics partnership provides the two indispensable pillars required to build a viable and valuable subsea Digital Twin: 

1.​ The Real-Time Data Feed: EvoLogics' reliable S2C acoustic modems provide the continuous, low-latency stream of 

sensor data (e.g., strain, vibration, temperature, corrosion) from the physical asset, keeping the virtual model perfectly 

synchronized with reality.70 

2.​ The High-Performance Simulation Platform: Æ's GPU-powered cloud provides the massive computational horsepower 



 

needed to host the complex physics-based model of the asset, run simulations of future performance under various 

conditions, and apply machine learning algorithms for predictive analytics.68 

This powerful combination enables a shift from reactive or calendar-based maintenance to truly proactive, condition-based 

maintenance. Operators can simulate the effects of operational stress, predict component failure weeks or months in advance, 

and optimize inspection and repair schedules, leading to dramatic improvements in safety, reliability, and operational 

expenditure.71 

This integrated system creates a virtuous cycle of data value. The reliable communication link from EvoLogics makes it possible to 

collect timely, high-fidelity data. The high-performance computing from Æ makes it possible to extract deep, predictive insights 

from that data. These insights, in turn, drive the need for more frequent and targeted data collection, reinforcing the value of the 

robust communication link. The two partners' capabilities do not merely add to one another; they multiply, creating a solution far 

greater than the sum of its parts. 

 

Section 8: Solution Architecture in Practice: Industry-Specific Use Cases 

 

The theoretical power of the Æ-EvoLogics sensor-to-cloud architecture is best understood through its application to real-world 

operational challenges. This section details how the integrated solution can be deployed to deliver transformative value across 

key marine industries, translating advanced technology into tangible improvements in efficiency, safety, and profitability. 

 

8.1 Use Case: The Offshore Energy Digital Twin 

 

Scenario: An operator of a deepwater oil field and an adjacent offshore wind farm needs to ensure the long-term structural 

integrity of its high-value assets, including a subsea pipeline network and a series of wind turbine foundations, while minimizing 

costly and hazardous manual inspections. 

Data Acquisition: 

●​ Persistent Monitoring: The pipeline and turbine foundations are instrumented with a network of low-power sensors 

measuring strain, vibration, inclination (tilt), and corrosion potential.74 These sensors are connected to EvoLogics S2C 



 

R-Series modems, which form a subsea wireless network. Data is relayed acoustically to a central gateway on the seabed, 

which has a hardwired connection to the platform's control system or communicates with a surface buoy. 

●​ AUV Inspection: A resident AUV, equipped with an EvoLogics M-Series modem, a high-resolution multibeam echosounder 

(MBES), a laser scanner, and HD cameras, performs periodic autonomous inspection missions.53 The AUV follows the 

pipeline and circles the turbine foundations, collecting detailed 3D geometric data and visual imagery. 

Data Processing and Analysis: 

●​ The continuous stream of low-bandwidth sensor data is transmitted in real-time to the Æ cloud, where it is ingested by a 

Digital Twin of the subsea infrastructure.68 

●​ During its inspection runs, the AUV uses an onboard GPU-powered edge computer (provided as part of Æ's HaaS) to 

process the raw MBES and laser data into compressed 3D point clouds. These compact data products, along with key 

visual frames showing potential anomalies, are transmitted acoustically via the EvoLogics modem to the surface platform.59 

●​ In the Æ cloud, the high-resolution inspection data is used to update and refine the geometric accuracy of the Digital Twin. 

Advanced analytics and machine learning models running on Æ's GPU clusters analyze the combined sensor and survey 

data to detect subtle trends, such as increasing rates of seabed scour around a turbine foundation or the early stages of 

fatigue cracking in a pipeline weld. 

Client Benefit: The operator transitions from a reactive, calendar-based inspection regime to a proactive, condition-based 

maintenance strategy.72 Instead of sending dive support vessels and ROVs for routine visual inspections at fixed intervals, 

interventions are scheduled precisely when the Digital Twin predicts they are needed. The system provides automated alerts for 

critical events like accelerated scour, pipeline free-span development, or anomalous vibrations, allowing for early, low-cost 

remediation and preventing catastrophic failures, thereby enhancing safety and extending the operational life of the assets.71 

 

8.2 Use Case: Autonomous Oceanographic Survey 

 

Scenario: A scientific institution is tasked with creating a high-resolution bathymetric and habitat map of a large, remote marine 

protected area using a fleet of AUVs. The project timeline is tight, and the operational costs associated with the support vessel 

are high. 

Data Acquisition: 

●​ A fleet of five AUVs, each equipped with an EvoLogics T-Series "tiny" modem and a state-of-the-art SAS system, is 



 

deployed from a single mother ship.35 The AUVs execute a coordinated "lawnmower" survey pattern, collecting vast 

amounts of raw acoustic data.21 

●​ An unmanned surface vessel (USV) acts as a mobile communication and data gateway. It is equipped with an EvoLogics 

S2C R USBL system for tracking the AUVs and a high-bandwidth satellite communication link to shore.1 

Data Processing and Analysis: 

●​ As each AUV completes a survey line, it establishes an acoustic link with the overhead USV. 

●​ The AUV transmits a compressed, low-resolution "quick look" version of its SAS data, along with vehicle status and 

navigation information, over the S2C link. 

●​ The USV relays this data via satellite to the project's data center, which is hosted on the Æ cloud platform. 

●​ Onshore, data scientists and hydrographers use a web-based dashboard to view the incoming data in near-real-time. They 

can see the seafloor map being built piece by piece as the AUVs conduct their mission. 

●​ Upon mission completion, the AUVs rendezvous with the mother ship for recovery and full data offload. The complete 

high-resolution datasets are then uploaded to the Æ cloud, where GPU clusters are used to perform the final, 

computationally intensive SAS processing and generate the finished data products in a matter of hours, rather than weeks. 

Client Benefit: The research team's productivity is massively amplified. They gain the ability to perform quality control on the 

data while the mission is still underway, allowing them to immediately re-task an AUV to re-survey an area with poor data quality 

or investigate an unexpected geological feature. This dynamic mission planning capability drastically reduces the risk of returning 

to shore with incomplete or flawed data, saving enormous amounts of time and money by optimizing the use of expensive vessel 

time. 

 

8.3 Use Case: Real-Time Environmental Monitoring and Aquaculture 

 

Scenario: A national agency operates a Tsunami Early Warning System (TEWS) using a network of seabed sensors. Concurrently, 

a large-scale offshore aquaculture farm aims to optimize its operations and ensure fish health through continuous water quality 

monitoring. 

Data Acquisition: 

●​ Tsunami Warning: A network of Bottom Pressure Recorders (BPRs) is deployed in seismically active zones. Each BPR is 

equipped with a long-range EvoLogics S2C R-Series modem.33 In normal mode, the BPRs transmit hourly summaries of sea 



 

level data. When an algorithm detects a pressure anomaly consistent with a tsunami, the system enters an event mode, 

transmitting high-frequency (15-second interval) data continuously to a surface buoy.77 The reliability of this acoustic link is 

mission-critical for public safety. 

●​ Aquaculture: A dense network of sensors is deployed throughout the fish pens, measuring key water quality parameters in 

real-time: dissolved oxygen (DO), pH, temperature, salinity, and ammonia levels.80 Each sensor node communicates 

wirelessly using a low-power EvoLogics modem, forming a robust subsea mesh network that relays data to a central 

control barge. 

Data Processing and Analysis: 

●​ Data from both systems is relayed from the surface collection point (tsunami buoy or aquaculture barge) to the Æ cloud 

via satellite. 

●​ For the TEWS, the real-time sea level data is ingested directly by national tsunami warning centers. The data is used to 

validate seismic models and issue timely and accurate warnings to coastal populations.79 

●​ For the aquaculture farm, the water quality data is fed into a cloud-based analytics platform. Machine learning models 

analyze historical and real-time data to predict adverse conditions, such as a drop in DO levels that could lead to fish 

mortality.80 The system can trigger automated responses, like activating aerators, and send alerts to the farm manager's 

mobile device. 

Client Benefit: The TEWS provides governments with a highly reliable system for detecting tsunamis, giving coastal communities 

precious additional warning time that can save lives. The aquaculture operator achieves significant economic benefits through 

improved operational efficiency, reduced fish mortality (by up to 40%), optimized feeding strategies, and enhanced sustainability, 

ensuring a healthier product and a more profitable business.80 

The following table details the diverse data types generated by these applications and underscores the corresponding need for a 

powerful and flexible computational infrastructure like that provided by Æ. 

 

Sensor Type Data Format(s) Typical Data 

Volume 

Primary 

Processing Task 

Computational 

Intensity 

Required 

Infrastructure 

Multibeam 

Echosounder 

(MBES) 

.ALL,.S7K,.GSF,.

XTF,.XYZ,.LAS 21 

High (GBs/hour) Point cloud 

generation, 

bathymetric 

High GPU (for 

real-time 

processing), 



 

surface 

creation, 

backscatter 

mosaicking 

Scalable Cloud 

Storage 

Synthetic 

Aperture Sonar 

(SAS) 

Proprietary,.XTF 

21 

Very High (10s 

of GBs/hour) 

Beamforming, 

image 

reconstruction, 

automated 

target 

recognition 

(ATR) 

Extreme High-End GPU 

(required), 

Distributed 

Cloud 

Computing 

HD Video / Still 

Camera 

MPEG, JPEG, 

etc. 56 

Very High 

(GBs/hour) 

Image 

mosaicking, 3D 

photogrammetr

y, ML-based 

defect detection 

High GPU (for ML/CV 

tasks), 

Large-Volume 

Cloud Storage 

Sub-Bottom 

Profiler 

.SEG-Y,.SEG-D 57 Medium Seismic data 

processing, 

layer 

interpretation 

Medium to High CPU/GPU 

clusters, 

Specialized 

Geoscience 

Software 

Water Quality 

Sensors (DO, 

pH, Temp) 

Time-series 

(CSV, JSON) 57 

Low (KBs/hour) Time-series 

analysis, 

anomaly 

detection, 

predictive 

modeling 

Low to Medium CPU, Cloud 

Database, ML 

Services (e.g., 

AutoML) 



 

Bottom 

Pressure 

Recorder (BPR) 

DART message 

format 79 

Low 

(Bytes/transmis

sion) 

Signal filtering, 

event detection 

algorithms, 

model validation 

Low CPU, Real-time 

Ingest and 

Alerting 

Systems 

Strain Gauges / 

Accelerometer

s 

Time-series, 

binary 

Low to Medium Fast Fourier 

Transform (FFT), 

spectral 

analysis, fatigue 

modeling 

Medium CPU/GPU (for 

complex 

simulations), 

Cloud Database 

 

Section 9: Forging the Future: A Strategic Partnership for the Canadian and Global Blue Economy 

 

 

9.1 Summarizing the Strategic Advantage 

 

The confluence of advanced subsea communication and high-performance cloud computing represents a pivotal moment for the 

marine industry. The strategic partnership between Æ and EvoLogics is not merely an integration of two complementary 

technologies; it is the creation of a new, cohesive digital infrastructure for the ocean. This collaboration uniquely solves the 

end-to-end data challenge, from the harsh, unpredictable environment of the seabed to the secure, scalable power of the cloud. 

By breaking the traditional bottlenecks of data latency and processing power, this partnership transforms subsea data from a 

latent, historical asset into a real-time, strategic tool for decision-making, risk management, and operational excellence. The core 

advantage is the creation of a seamless data pipeline that empowers operators to see, understand, and act on subsea 

information with unprecedented speed and clarity. 

 

9.2 A Canadian Solution for a Global Market 

 



 

As a proudly Canadian firm, Æ is positioned to lead the digital transformation of the nation's burgeoning blue economy. This 

partnership provides Canadian industries—from offshore energy in the Atlantic to scientific research in the Arctic—with a 

sovereign, cutting-edge capability to compete on the global stage. However, the challenges addressed by this solution are 

universal. The global underwater acoustic communication market is on a steep growth trajectory, with forecasts projecting a 

compound annual growth rate (CAGR) of between 7.7% and 16.4% as it expands to over USD 6.1 billion by 2031.41 This growth is 

fueled by rising demand in defense, offshore energy exploration, and environmental research worldwide.41 The Æ-EvoLogics 

solution is perfectly positioned to capture a significant share of this expanding global market by offering a technologically 

superior and fully integrated platform that addresses the most pressing needs of international clients. 

 

9.3 Enabling the Future of Marine Operations 

 

The architecture presented in this paper is more than a solution to today's problems; it is the foundational layer upon which the 

future of marine operations will be built. The ability to reliably transmit and rapidly process subsea data is the key enabler for the 

next wave of maritime innovation: 

●​ True Autonomy: Enabling fleets of AUVs and USVs to collaborate intelligently, adapting their missions in real-time based 

on shared sensor data without human intervention. 

●​ Persistent Presence: Facilitating the deployment of long-duration, resident subsea systems that can monitor the ocean 

environment or manage offshore infrastructure for years without costly surface support. 

●​ The Internet of Underwater Things (IoUT): Providing the robust and scalable network backbone required to connect 

millions of submerged sensors, creating a truly smart ocean. 

●​ Comprehensive Digital Twins: Moving beyond simple monitoring to full, predictive lifecycle management of all subsea 

assets, from initial design and installation to decommissioning. 

This partnership is dedicated to building this future, providing the critical infrastructure that will allow us to explore, utilize, and 

protect the world's oceans more safely, efficiently, and sustainably than ever before. 

 

9.4 Call to Action 

 

The transformation of subsea operations is underway. The convergence of reliable communication and powerful computation has 



 

opened a new frontier of possibility. We invite potential clients and strategic partners from across the marine industry to engage 

with Æ to explore how this transformative sensor-to-cloud solution can be tailored to address your specific operational 

challenges and unlock new value from your subsea assets. 

Contact us to schedule a technical consultation and discover how the Æ-EvoLogics partnership can empower your next 

generation of marine operations. 
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