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Advanced Certificate in Subsea Robotics and Al

Subsea Communication Systems

Acoustic Modem — A device that converts electrical signals to acoustic waves for transmission through
water. Related terms: transceiver, bandwidth. Used for long-range data links between subsea robots and
surface vessels. Challenges include limited data rates, high latency, and susceptibility to ambient noise.

Acoustic Telemetry — The transmission of data using sound waves. Related terms: Acoustic Modem,
frequency-shift keying. Enables monitoring of sensor arrays and control of autonomous underwater vehicles
(AUVs). Practical issues involve multipath propagation and signal attenuation with distance.

Acoustic Waveguide — A structure that guides acoustic energy efficiently, such as a steel pipe or composite
conduit. Related terms: Acoustic Channel, modal dispersion. Used to improve signal strength in confined
subsea environments. Design must account for temperature gradients and fouling.

Adaptive Coding — Dynamic adjustment of error-control codes based on link quality. Related terms: Forward
Error Correction, link adaptation. Increases reliability of data transmission during variable acoustic
conditions. Implementation complexity rises with rapid channel changes.

Angular Diversity Antenna — An array of acoustic transducers oriented at different angles to mitigate
shadow zones. Related terms: Beamforming, spatial filtering. Enhances coverage for subsea communication
nodes placed near complex structures. Requires precise calibration and increased power consumption.

Bandwidth Efficiency — Ratio of useful data transmitted to total channel capacity. Related terms: Spectral
Efficiency, modulation scheme. Critical for optimizing acoustic links where bandwidth is scarce. Trade-offs
involve higher-order modulation increasing error rates.

Baseband Processing — Operations performed on the raw signal after demodulation, including filtering and
decoding. Related terms: Digital Signal Processing, FFT. Determines overall latency and error performance of
subsea communication systems. Needs robust algorithms to handle low-SNR environments.

Beamforming — Technique of combining signals from multiple transducers to steer a focused acoustic beam.
Related terms: Phased Array, directional gain. Allows targeted communication with specific AUVs, reducing
interference. Computational load and precise timing are major challenges.

Bi-Directional Link — Communication path that supports simultaneous transmission and reception. Related
terms: Full-Duplex, time-division duplex. Enables real-time control of subsea robots. Requires careful
isolation to prevent self-interference.
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Cable-Bound Communication — Data transfer using physical fiber-optic or copper cables laid on the seabed.
Related terms: Hybrid Network, tethered operation. Provides high bandwidth and low latency for fixed
installations like subsea observatories. Installation cost and vulnerability to damage are limiting factors.

Coherent Detection — Receiving method that preserves phase information of the acoustic signal. Related
terms: Phase-Shift Keying, carrier recovery. Improves sensitivity and allows advanced modulation formats.
Requires stable local oscillators and complex signal processing.

Cross-Talk — Unintended coupling between adjacent communication channels. Related terms: Interference,
channel isolation. Particularly problematic in dense acoustic arrays. Mitigation involves careful frequency
planning and shielding.

Data Compression — Reducing the size of transmitted information using algorithms such as Huffman coding
or LZW. Related terms: Lossless Compression, entropy coding. Essential for maximizing limited acoustic
bandwidth. Must balance compression ratio against processing overhead on low-power subsea devices.

Data Logger — Device that records sensor outputs and communication metrics for later analysis. Related
terms: Telemetry, post-mission review. Often integrated with subsea nodes to provide redundancy. Storage
capacity and power budget are critical constraints.

Digital Signal Processing (DSP) — Suite of algorithms for filtering, demodulating, and analyzing acoustic
signals. Related terms: FFT, adaptive filtering. Core of modern subsea communication stacks. Real-time
implementation demands optimized hardware.

Dynamic Positioning (DP) — System that uses thrusters and sensors to maintain a vessel's position over a
subsea asset. Related terms: Acoustic Beacon, GPS-assisted. DP vessels often host communication hubs for
ROVs. Accuracy depends on reliable acoustic ranging.

Echo-Location — Technique of emitting a sound pulse and measuring the time for its return to map
surroundings. Related terms: Sonar, range finding. Used by AUVs to navigate and to verify link quality.
Ambient noise and reverberation can degrade resolution.

Electromagnetic (EM) Communication — Transmission of data using low-frequency electromagnetic fields,
suitable for short ranges. Related terms: Inductive Coupling, conductivity loss. Employed for near-field
communication between docking stations and robots. Limited penetration depth in seawater restricts
applications.

Error-Control Coding (ECC) — Methods such as Reed-Solomon or LDPC that detect and correct bit errors.
Related terms: Adaptive Coding, redundancy overhead. Improves reliability of acoustic links where bit error
rates can exceed 10 %. Increases latency and requires additional processing.

Fiber-Optic Cable — Light-transmitting medium offering gigabit-per-second data rates. Related terms:
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Hybrid Network, undersea fiber. Forms the backbone of subsea high-speed communication networks.
Installation depth, bend radius, and connector reliability are engineering challenges.

Frequency-Shift Keying (FSK) — Modulation where data is represented by discrete frequency changes.
Related terms: Binary FSK, spectral efficiency. Simple to implement on low-power acoustic modems.
Susceptible to Doppler shifts in moving platforms.

Frequency-Division Multiplexing (FDM) — Technique of allocating separate frequency bands to multiple data
streams. Related terms: Channel Allocation, guard bands. Allows concurrent communication with several
AUVs. Requires careful filtering to prevent inter-channel interference.

Full-Duplex — Simultaneous two-way communication without time sharing. Related terms: Bi-Directional
Link, echo cancellation. Achieves higher throughput but demands sophisticated isolation hardware. Often
replaced by half-duplex in acoustic systems due to power constraints.

Hybrid Network — Combination of acoustic, EM, and fiber-optic links to exploit strengths of each medium.
Related terms: Cable-Bound Communication, mesh topology. Provides redundancy and scalability for
subsea robot fleets. Complexity lies in routing protocols and seamless handover.

Hydrophone — Underwater microphone that converts acoustic pressure into electrical signals. Related terms:
Transducer, receiver sensitivity. Core component of any acoustic communication system. Placement and
housing affect noise floor.

Hybrid Acoustic-Optical Modem — Device that uses acoustic signals for long-range link and optical signals
for high-speed short-range exchange. Related terms: Free-Space Optics, link switching. Enables rapid data
offload when a robot surfaces near a light-based gateway. Alignment precision and water clarity are limiting
factors.

Interference Management — Strategies to reduce unwanted signal overlap, including frequency planning
and power control. Related terms: Cross-Talk, dynamic spectrum access. Essential for dense deployments of
subsea communication nodes. Requires real-time monitoring and adaptive algorithms.

Latency — Time delay between transmission and reception of a data packet. Related terms: Round-Trip Time,
real-time control. Acoustic links often exhibit latencies of several seconds, affecting teleoperation. Buffering
and predictive control can mitigate impact.

Link Budget — Calculation of all gains and losses from transmitter to receiver, determining achievable range.
Related terms: Transmit Power, receiver sensitivity. Guides design of modems and transducer arrays. Must
consider absorption, spreading loss, and system noise.

Long-Baseline (LBL) Positioning — Navigation method using a network of seabed acoustic beacons. Related
terms: Acoustic Beacon, triangulation. Provides precise location for ROVs and AUVs, enabling accurate data
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tagging. Requires regular calibration and beacon maintenance.

Low-Frequency Acoustic (LFA) System — Uses frequencies below 10kHz to achieve long-range
communication (up to tens of km). Related terms: Acoustic Modem, propagation loss. Suitable for
command and control of distant assets. Trade-off is low data rate and large transducer size.

Medium-Frequency Acoustic (MFA) System — Operates between 10kHz and 30kHz, balancing range and
bandwidth. Related terms: Acoustic Telemetry, bandwidth. Common for subsea sensor networks.
Environmental noise and multipath can limit performance.

Modulation Scheme — Method of encoding information onto a carrier wave (e.G., PSK, QAM). Related terms:
Bandwidth Efficiency, signal constellation. Determines robustness against noise and achievable data rates.
Higher-order schemes demand better SNR.

Multipath Propagation — Occurs when acoustic signals reflect off the sea surface, floor, and objects, creating
delayed copies. Related terms: Echo-Location, time-variant channel. Causes inter-symbol interference,
degrading link quality. Adaptive equalizers are employed to counteract effects.

Network Topology — Arrangement of communication nodes (e.G., Star, mesh, tree). Related terms: Hybrid
Network, routing protocol. Mesh topology enhances resilience for subsea robotic swarms. Complexity
grows with node count and dynamic reconfiguration.

Noise Floor — Baseline level of ambient acoustic noise, expressed in dB re 1 pPa. Related terms:
Signal-to-Noise Ratio, ambient noise. Determines minimum detectable signal. Sources include marine life,
ship traffic, and wind-driven surface noise.

On-Board Processing — Computation performed within the subsea robot or sensor node. Related terms:
DSP, edge computing. Reduces need for raw data transmission, conserving bandwidth. Power budget and
processor heat dissipation are limiting factors.

Optical Wireless Communication (OWC) — Use of light (usually blue-green lasers) for short-range
high-speed links. Related terms: Free-Space Optics, line-of-sight. Enables gigabit data exchange between a
surfaced AUV and a surface ship. Water turbidity and alignment stability are critical.

Packet Loss — Percentage of transmitted packets that never reach the receiver. Related terms: Reliability,
retransmission. High loss rates degrade control loops for underwater robots. Forward error correction and
automatic repeat request (ARQ) mitigate impact.

Phase-Shift Keying (PSK) — Modulation where data is represented by changes in carrier phase. Related
terms: Coherent Detection, constellation diagram. BPSK offers robustness, while QPSK doubles data rate at
the cost of higher SNR requirement. Sensitive to Doppler spreading.
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Power Management — Strategies to allocate limited energy resources among communication, sensing, and
propulsion. Related terms: Low-Power Mode, energy harvesting. Critical for long-duration autonomous
missions. Over-aggressive transmission can shorten mission life.

Propagation Loss — Attenuation of acoustic signal with distance, comprising spreading loss and absorption.
Related terms: Link Budget, frequency dependence. In seawater, loss increases sharply above 30 kHz.
Accurate models are needed for reliable range prediction.

QoS (Quality of Service) — Set of performance metrics (latency, jitter, reliability) governing data flow. Related
terms: Traffic Prioritization, service level. Essential for mission-critical commands versus bulk sensor data.
Implemented via scheduling algorithms in the communication stack.

Receiver Sensitivity — Minimum input signal level at which the receiver can detect data with acceptable error
rate. Related terms: Noise Floor, gain. Improves with low-noise amplifiers but may increase power draw.
Impacts achievable communication range.

Redundant Path — Alternate route for data if primary link fails. Related terms: Hybrid Network, failover.
Provides resilience for critical subsea monitoring stations. Requires routing protocols capable of rapid
detection of failures.

Reference Clock — Timing source shared among communication devices to maintain synchronization.
Related terms: Coherent Detection, phase noise. Drift can cause symbol misalignment, especially in
high-order modulation. Often implemented with crystal oscillators locked to GPS when surfaced.

Remote Operated Vehicle (ROV) Telemetry — Real-time data exchange between surface control station and
tethered ROV. Related terms: Fiber-Optic Cable, low-latency. Enables live video, sensor streams, and
command inputs. Bandwidth limited by cable capacity and connector integrity.

Routing Protocol — Algorithm that determines paths for data packets across a network. Related terms:
Network Topology, dynamic routing. In subsea mesh networks, protocols must handle high latency and
occasional node loss. Examples include Underwater Ad-hoc Network (UAN) protocols.

Signal-to-Noise Ratio (SNR) — Ratio of desired signal power to background noise power. Related terms:
Noise Floor, link margin. Higher SNR enables more complex modulation and lower error rates. Influenced by
transmitter power, distance, and environmental noise.

Spread-Spectrum Technique — Uses wide frequency band to reduce interference and improve security.
Related terms: Frequency-Hopping, code division multiple access. Provides robustness against narrowband
jamming but reduces spectral efficiency. Implementations are rare in acoustic links due to bandwidth
constraints.

Surface Gateway — Platform at the water-air interface that aggregates subsea data and forwards it via
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satellite or terrestrial networks. Related terms: Hybrid Network, data offload. Often equipped with both
acoustic modems and optical transceivers. Must survive harsh weather and maintain precise positioning.

Synchronous Transmission — Sending data at a fixed rate aligned with a shared clock. Related terms:
Reference Clock, frame alignment. Simplifies receiver design but requires tight timing control. Acoustic
channels with variable delay make true synchrony difficult.

TDMA (Time-Division Multiple Access) — Allocates distinct time slots to different nodes for channel access.
Related terms: Half-Duplex, slot synchronization. Prevents collisions in dense acoustic networks. Slot guard
times increase overhead, reducing effective throughput.

Telemetry Bandwidth — Amount of data that can be transmitted per unit time. Related terms: Modulation
Scheme, compression. Limited in acoustic systems; typical values range from a few hundred bits per second
to several kilobits. Planning must prioritize mission-critical data.

Underwater Acoustic Channel Model — Mathematical representation of propagation characteristics,
including attenuation, multipath, and Doppler. Related terms: Propagation Loss, statistical fading. Used to
simulate link performance and design robust modulation. Real-time adaptation requires on-board channel
estimation.

Underwater Acoustic Network (UAN) — Integrated collection of acoustic nodes forming a communication
fabric. Related terms: Mesh Topology, routing protocol. Supports distributed sensing, cooperative
navigation, and swarm robotics. Energy efficiency and scalability are primary research challenges.

Underwater Optical Modem — Device that transmits data using LEDs or lasers in the blue-green spectrum.
Related terms: OWC, short-range link. Offers orders of magnitude higher data rates than acoustic links over
distances of up to 100 m in clear water. Alignment mechanisms and power consumption are critical design
aspects.

Uplink — Transmission from subsea node toward surface station. Related terms: Downlink, reverse path.
Often carries sensor data, status reports, and emergency alerts. Limited by available transmit power and
acoustic channel conditions.

Vessel-Mounted Acoustic Beacon — Transducer array installed on a ship to serve as a reference point for
subsea positioning. Related terms: LBL Positioning, range measurement. Emits coded pulses for range
estimation. Requires stable platform motion compensation to maintain accuracy.

Virtual Acoustic Network (VAN) — Software-defined overlay that emulates network functions over acoustic
links. Related terms: UAN, software-defined networking. Facilitates rapid deployment of new protocols
without hardware changes. Latency and processing constraints pose implementation challenges.

Waveform Design — Crafting of signal shape to optimize detection and robustness. Related terms:
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Modulation Scheme, spectral shaping. Includes chirp, OFDM, and spread-spectrum waveforms. Must
balance peak-to-average power ratio against acoustic channel linearity.

Wide-Band Acoustic System — Utilizes frequencies from 30kHz to 150 kHz for higher data rates. Related
terms: Bandwidth Efficiency, short-range link. Suitable for high-resolution imaging and fast data offload
when a robot is close to a gateway. Higher absorption limits practical range.

Zero-Latency Control — Control architecture aiming to eliminate perceptible delay. Related terms: Real-Time
Teleoperation, predictive modeling. In subsea contexts, true zero latency is unattainable due to acoustic
propagation; instead, predictive algorithms compensate for delays. Requires precise system modeling and
high-frequency updates.

Acoustic Beacon - Fixed transmitter that periodically emits a known acoustic signature for ranging. Related
terms: LBL Positioning, time-of-flight. Enables autonomous vehicles to compute their position relative to the
beacon network. Battery life and maintenance are practical concerns.

Active Noise Cancellation (ANC) — Technique that generates an inverse acoustic signal to reduce ambient
noise at the receiver. Related terms: Beamforming, adaptive filter. Can improve SNR for communication links
in noisy environments. Requires accurate modeling of noise sources and fast processing.

Adaptive Equalizer - Filters that compensate for time-varying channel distortion. Related terms: Multipath
Propagation, decision-feedback. Essential for maintaining data integrity over dynamic acoustic paths.
Convergence speed and computational load are key design metrics.

Ambient Noise — Background acoustic energy generated by natural and anthropogenic sources. Related
terms: Noise Floor, spectral density. Varies with weather, marine life, and shipping traffic. Influences link
budgeting and modulation choice.

Autonomous Underwater Vehicle (AUV) Swarm Communication — Coordination of multiple AUVs using
peer-to-peer acoustic links. Related terms: Mesh Topology, cooperative localization. Enables distributed
mapping, collective target tracking, and fault tolerance. Scalability, bandwidth sharing, and collision
avoidance are major challenges.

Bandwidth Allocation — Distribution of available channel capacity among multiple data streams. Related
terms: QoS, fairness. Dynamic allocation adapts to varying mission priorities, such as allocating more
bandwidth to high-resolution sonar during a survey. Requires real-time monitoring and policy enforcement.

Carrier Frequency — Central frequency of the acoustic signal used for modulation. Related terms:
Propagation Loss, frequency selection. Lower carriers yield longer range but lower bandwidth; higher
carriers increase data rate but suffer greater attenuation. Selection is a trade-off based on mission depth
and distance.
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Channel Coding - Process of adding redundant bits to protect data against errors. Related terms: ECC, code
rate. Common codes include convolutional, Turbo, and LDPC. Higher redundancy improves reliability but
reduces net throughput.

Channel Estimation — Determining the current state of the acoustic channel (gain, phase, delay). Related
terms: Adaptive Equalizer, pilot symbols. Allows the transmitter to adapt modulation and power. Accuracy is
limited by rapid channel fluctuations and low SNR.

Coherent Beamforming — Beamforming method that preserves phase relationships for constructive
interference. Related terms: Phased Array, phase alignment. Increases directivity and range of acoustic links.
Requires precise timing and calibration across transducers.

Direct-Sequence Spread Spectrum (DSSS) — Spreads data using a pseudo-random code, enhancing
resistance to interference. Related terms: Spread-Spectrum, chip rate. Provides security and multiple access
capabilities. Bandwidth expansion reduces spectral efficiency, making it less common in acoustic
applications.

Downlink — Transmission from surface station to subsea node. Related terms: Uplink, forward path. Carries
commands, software updates, and mission parameters. Limited by the same acoustic constraints as uplink,
often mitigated by higher transmit power at the surface.

Dynamic Spectrum Access — Real-time allocation of frequency resources based on channel conditions.
Related terms: Interference Management, cognitive acoustic radio. Allows multiple robots to share spectrum
efficiently. Requires sensing capabilities and rapid reconfiguration.

Echo-Suppressor — Device or algorithm that reduces self-interference in full-duplex acoustic systems.
Related terms: Full-Duplex, cancellation filter. Enables simultaneous transmit and receive on the same
frequency. Performance limited by non-linearities and changing channel.

Energy Harvesting — Conversion of environmental energy (e.G., Wave, thermal) into electrical power for
communication hardware. Related terms: Power Management, low-power design. Extends mission duration
for seabed sensors. Harvested power is intermittent and low, requiring efficient storage.

Environmental Sensing — Use of acoustic or optical links to gather physical parameters (temperature,
salinity, currents). Related terms: Telemetry, sensor fusion. Data is often low-rate but critical for
context-aware robotics. Bandwidth allocation must prioritize high-value science data.

Fiber-to-The-Sea (FTTS) — Deployment of fiber optic cables to remote subsea sites for high-speed backhaul.
Supports massive data streams from imaging sonars and high-definition video. Installation cost and cable
durability are major considerations.

Frequency-Hopping Spread Spectrum (FHSS) — Rapidly switches carrier among multiple frequencies
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according to a pseudo-random sequence. Related terms: Spread-Spectrum, hop rate. Improves resistance to
narrowband interference and provides a level of security. Requires synchronization between transmitter and
receiver.

Geolocation Accuracy — Precision of position estimates derived from acoustic ranging. Related terms: LBL
Positioning, error ellipse. Influenced by beacon geometry, timing precision, and acoustic propagation
variability. Critical for tasks such as pipeline inspection and precise manipulation.

Hybrid Acoustic-RF System — Combines acoustic communication for underwater segments with RF (radio
frequency) for surface segments. Related terms: Surface Gateway, link switching. Allows seamless data flow
from seabed sensors to satellite networks. Transition management and protocol compatibility are key
challenges.

In-Band Signaling — Embedding control information within the same frequency band as data payload.
Related terms: Out-of-Band Signaling, protocol overhead. Saves bandwidth but can increase complexity of
demodulation. Often used for acknowledgments in low-latency acoustic links.

Latency Compensation — Techniques such as predictive control or buffering to mitigate effects of
communication delay. Related terms: Zero-Latency Control, dead-reckoning. Essential for teleoperated
ROVs where operators must react to delayed video. Implementation requires accurate models of vehicle
dynamics.

Link Margin — Difference between actual SNR and minimum required SNR for a given modulation. Related
terms: Link Budget, fade margin. Provides safety buffer against unexpected channel degradations. High link
margin improves reliability but may waste power.

Low-Power Acoustic Modem — Modem designed to operate on limited energy budgets, often using
duty-cycling and simplified protocols. Related terms: Energy Harvesting, sleep mode. Suitable for long-term
seabed observatories. Reduced transmit power limits range and data rate.

Mesh Routing — Routing strategy where each node forwards packets for others, forming a resilient network.
Related terms: Network Topology, multi-hop. Enables communication over large areas without centralized
infrastructure. Requires algorithms tolerant of high latency and frequent topology changes.

Multiplexing — Combining multiple data streams into a single transmission medium. Related terms: FDM,
time-division. In acoustic systems, often realized with frequency or time division due to limited bandwidth.
Increases efficiency but adds complexity to synchronization.

Noise Mitigation — Suite of methods (hardware shielding, software filtering) to reduce impact of ambient
noise. Related terms: Active Noise Cancellation, spectral subtraction. Improves detection threshold for weak
signals. Effectiveness varies with noise characteristics and system design.
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Optical Modem Alignment — Process of positioning optical transceivers to maintain line-of-sight. Related
terms: OWC, gimbal control. Misalignment can cause rapid loss of link. Automated alignment systems using
acoustic beacons are under development.

Out-of-Band Signaling — Sending control or management information on a separate frequency band from
the data payload. Related terms: In-Band Signaling, control channel. Reduces interference with main data
stream but consumes additional spectrum. Often used for network management in UANS.

Passive Acoustic Listening — Reception of ambient sounds without emitting any signal. Related terms:
Hydrophone, environmental monitoring. Useful for stealthy observation and for detecting marine life.
Provides no two-way communication capability.

Phased Array Transducer — Assembly of multiple acoustic elements with controllable phase to steer beams
electronically. Related terms: Beamforming, electronic steering. Enables rapid re-targeting of
communication beams without mechanical movement. Complex drive electronics increase cost and power
use.

Pilot Symbol Insertion — Embedding known data symbols within a transmission for channel estimation.
Related terms: Channel Estimation, training sequence. Allows receiver to track time-varying channel
conditions. Overhead reduces net data throughput.

Power Budget — Accounting of energy consumption across all subsystems (communication, sensing,
propulsion). Related terms: Power Management, mission endurance. Determines feasible transmission
schedules and data rates. Must be balanced against scientific objectives.

QoS Prioritization — Assigning higher service levels to latency-sensitive traffic such as command and control.
Related terms: QoS, traffic shaping. Ensures critical messages are delivered promptly even when bandwidth
is constrained. Implementation may involve packet tagging and priority queues.

Range Uncertainty — Variability in measured distance due to acoustic channel fluctuations. Related terms:
Multipath Propagation, error bounds. Affects navigation accuracy for AUVs relying on acoustic ranging.
Statistical models and filtering (e.G., Kalman) help mitigate impact.

Real-Time Operating System (RTOS) — Software platform that guarantees timing constraints for
communication tasks. Related terms: On-Board Processing, deterministic scheduling. Critical for
time-sensitive control loops in subsea robots. Limited resources on embedded hardware require lightweight
RTOS implementations.

Re-transmission Protocol — Mechanism for resending lost or corrupted packets, such as ARQ. Related terms:
Packet Loss, acknowledgment. Improves reliability but adds latency and consumes additional bandwidth.
Suitable for low-rate telemetry where occasional delays are acceptable.
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Receiver Dynamic Range — Span between the smallest and largest signals the receiver can accurately
process. Related terms: Receiver Sensitivity, automatic gain control. Wide dynamic range prevents saturation
from nearby strong sources while still detecting weak distant signals.

Robust Modulation — Modulation formats designed to tolerate severe channel impairments. Related terms:
PSK, frequency hopping. Examples include BPSK and DPSK, which maintain performance at low SNR.
Trade-off is reduced data throughput compared to higher-order schemes.

Signal Compression — Reducing data size before transmission using algorithms such as JPEG for images or
delta encoding for sensor streams. Related terms: Data Compression, lossy vs lossless. Essential for fitting
high-volume data into limited acoustic bandwidth. Compression artifacts must be acceptable for
downstream analysis.

Signal Propagation Velocity — Speed of sound in seawater, typically ~1500 m/s, varying with temperature,
salinity, and pressure. Related terms: Time-of-Flight, range calculation. Accurate velocity profiles are
required for precise acoustic ranging and positioning.

Signal-to-Interference Ratio (SIR) — Ratio of desired signal power to power of interfering signals. Related
terms: Interference Management, co-channel interference. High SIR is necessary for reliable demodulation.
Mitigation includes frequency planning and adaptive filtering.

Software-Defined Acoustic Modem (SDAM) — Modem whose signal processing chain is implemented in
software, allowing reconfiguration of protocols and waveforms. Related terms: Waveform Design, flexible
architecture. Enables rapid experimentation in research vessels. Requires powerful processors and careful
real-time scheduling.

Space-Time Coding — Technique that exploits both spatial (multiple transducers) and temporal diversity to
improve link robustness. Related terms: Phased Array, Alamouti scheme. Increases reliability without
additional bandwidth. Complexity grows with number of antennas and channel estimation demands.

Spectral Mask — Regulatory-defined limits on transmitted power across frequency bands to prevent
interference. Related terms: Bandwidth Allocation, compliance. Must be adhered to in many jurisdictions
governing subsea acoustic emissions. Designing waveforms within mask constraints can limit achievable
data rates.

Spread-Spectrum Coding — Encoding data with pseudo-random sequences to spread energy over a wide
band. Related terms: DSSS, processing gain. Provides resilience to narrowband interference and
eavesdropping. Bandwidth expansion reduces spectral efficiency, limiting adoption in bandwidth-starved
acoustic channels.

Synchronization Pulse - Periodic signal used to align clocks of distributed nodes. Related terms: Reference
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Clock, time-sync. Critical for TDMA and coherent detection schemes. Propagation delay must be accounted
for to avoid timing drift.

Telemetry Data Rate — Speed at which sensor information is transmitted to the surface. Related terms:
Bandwidth Efficiency, compression. Influences mission planning; high-resolution imaging may exceed
available acoustic bandwidth, requiring selective transmission or onboard processing.

Time-of-Flight (ToF) — Measurement of elapsed time for an acoustic pulse to travel from transmitter to
receiver. Related terms: Range Uncertainty, distance estimation. Basis for acoustic positioning systems.
Accuracy depends on precise timing and known sound speed.

Underwater Acoustic Modem (UAM) — Integrated transceiver that performs acoustic transmission and
reception. Related terms: Acoustic Modem, transceiver. Core component of subsea communication
infrastructure. Design trade-offs involve power, range, data rate, and form factor.

Underwater Optical Backhaul — High-capacity optical links connecting subsea nodes to surface gateways,
often using fiber or free-space optics. Related terms: Hybrid Network, high-bandwidth. Enables rapid
transfer of large datasets (e.G., 3-D sonar volumes). Deployment complexity and line-of-sight constraints
must be managed.

Underwater Positioning System (UPS) — Suite of technologies (LBL, USBL, DVL) providing location
information for subsea assets. Related terms: Geolocation Accuracy, navigation. Communication links often
carry positioning data to synchronize fleet movements. Accuracy limited by acoustic channel variability.

Uplink Power Control — Adjusting transmit power based on link quality feedback to conserve energy and
reduce interference. Related terms: Link Margin, adaptive transmission. Essential for battery-operated
sensors. Requires reliable channel state information, which may be delayed in acoustic environments.

Virtualized Communication Stack — Implementation of protocol layers as software instances that can be
dynamically instantiated, migrated, or scaled.
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