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Postgraduate Certificate in Underwater Acoustics Engineering

Underwater Acoustic Measurement Techniques

Acoustic Doppler Current Profiler (ADCP) – a sonar instrument that measures water‑column velocity profiles
using the Doppler shift of backscattered sound. Related terms: Doppler shift, velocity profiling,
beamforming. Explanation: The ADCP emits pulses at several angles; returning echoes from suspended
particles are frequency‑shifted proportionally to the particle velocity along each beam. By solving the set of
equations for the multiple beams, the instrument derives the three‑dimensional water‑current vector at
discrete depth bins. Example: A ship‑mounted ADCP surveys a coastal shelf to map tidal currents. Practical
application: Oceanographic research, sediment transport studies, offshore wind‑farm site assessment.
Challenges: Beam‑angle selection affects depth coverage; suspended‑particle concentration must be
sufficient for reliable backscatter; side‑lobe interference can introduce bias.

Acoustic Emission (AE) – the release of transient elastic waves generated by rapid stress release in materials.
Related terms: Fracture monitoring, ultrasonic transducer, event detection. Explanation: In underwater
structures, micro‑cracks or corrosion pits emit high‑frequency acoustic bursts; AE sensors capture these
signals for condition monitoring. Example: AE sensors attached to a subsea pipeline detect the onset of
fatigue cracking. Practical application: Structural health monitoring of offshore platforms, risers, and subsea
cables. Challenges: Discriminating AE signals from ambient marine noise; sensor coupling in high‑pressure
environments; data‑volume management.

Acoustic Telemetry – the use of sound to transmit data between underwater devices and surface or shore
stations. Related terms: Acoustic modems, low‑frequency communication, bandwidth limitation.
Explanation: Modems encode information onto acoustic carriers using techniques such as frequency‑shift
keying (FSK) or phase‑shift keying (PSK). The received signal is demodulated to recover the data. Example: A
seabed observatory sends temperature and pressure readings to a buoy via a 2‑kHz acoustic modem.
Practical application: Real‑time monitoring of environmental parameters, command and control of
autonomous underwater vehicles (AUVs). Challenges: Limited bandwidth (typically  100 dB km⁻¹). Example:
An AUV equipped with a forward‑looking X‑band sonar navigates within a coral reef, detecting obstacles a
few meters ahead. Practical application: Close‑range obstacle avoidance, inspection of subsea structures,
high‑detail seabed mapping. Challenges: Limited range, high power consumption, sensitivity to bubble
noise.

Yaw‑Rate Compensation – correction of beam steering errors caused by platform rotation about the vertical
axis. Related terms: Inertial navigation system (INS), angular velocity, beam steering algorithm. Explanation:
The platform’s yaw rate introduces a time‑varying phase shift across array elements; real‑time
compensation adds appropriate phase offsets to maintain beam pointing. Example: A towed array
experiencing a 0.5 ° S⁻¹ yaw rate applies yaw‑rate compensation to keep its beam fixed on a target. Practical
application: Maintaining accurate bearing estimates for moving platforms, enhancing detection probability.
Challenges: Sensor latency, integration drift, coupling with pitch‑roll motions.
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Zero‑Crossing Detector – a simple timing circuit that records the instant a signal waveform crosses a
reference level (often zero). Related terms: Time‑of‑arrival (TOA), edge detection, jitter. Explanation: By
detecting the leading edge of a received pulse, the system estimates arrival time with sub‑sample precision;
useful for ranging applications. Example: A low‑cost underwater ranging system uses a zero‑crossing
detector to achieve 1 µs timing resolution. Practical application: Short‑baseline positioning, acoustic ranging
for AUV swarms. Challenges: Sensitivity to noise, ambiguity in multi‑path environments, need for precise
amplitude calibration.

Acoustic Scattering Strength (σ) – a measure of the intensity of sound scattered per unit area of a target or
medium. Related terms: Target strength (TS), backscatter coefficient, volume scattering. Explanation: Σ (in
dB) is defined as 10 log₁₀(P_scattered/(P_incident · A)), where A is the illuminated area. For point targets,
TS = σ + 20 log₁₀(r). Example: A 10 cm fish may have a TS of –35 dB at 38 kHz. Practical application: Fish stock
assessment, target detection modeling. Challenges: Variability due to orientation, frequency dependence,
need for calibration against known targets.

Bathy‑Acoustic Survey – a combined measurement of seafloor depth (bathymetry) and acoustic backscatter
to characterize seabed properties. Related terms: Multibeam echosounder, swath width, backscatter
imagery. Explanation: The system emits fan‑shaped beams; measured travel times yield depth, while
backscatter intensity provides information on sediment type and roughness. Example: A 12‑kHz multibeam
system maps a 100 km² area, producing both depth contours and backscatter mosaics. Practical application:
Navigation chart updates, habitat mapping, offshore infrastructure planning. Challenges: Motion
compensation, water‑column sound‑speed correction, interpreting backscatter in mixed‑substrate areas.

Coherent Noise – unwanted acoustic signals that maintain a fixed phase relationship across array elements,
often arising from platform vibration or flow noise. Related terms: Structural noise, flow‑induced vibration,
spatial coherence. Explanation: Unlike incoherent ambient noise, coherent noise can be suppressed by
spatial filtering techniques that exploit phase differences. Example: A towed array experiences coherent flow
noise at 200 Hz due to hull vortex shedding; adaptive beamforming reduces its impact. Practical application:
Enhancing detection of weak targets in noisy environments, improving passive array performance.
Challenges: Modeling the noise field, maintaining array calibration, avoiding signal loss due to over‑filtering.

De‑chirp Processing – a matched‑filter technique that compresses a frequency‑modulated pulse into a
narrow impulse, improving range resolution. Related terms: Pulse compression, matched filter,
time‑frequency analysis. Explanation: The received FM echo is correlated with a replica of the transmitted
chirp; the output exhibits a sharp peak whose width is inversely proportional to the signal bandwidth.
Example: A 1‑ms linear FM pulse (20–30 kHz) is de‑chirped, yielding a 15 m range resolution. Practical
application: High‑resolution seabed imaging, mine detection, target classification. Challenges: Accurate
knowledge of transmitted waveform, compensation for Doppler stretch, computational load for real‑time
implementation.

Echo‑Strength Variation – changes in received echo amplitude caused by target aspect, orientation, or
internal structure. Related terms: Specular reflection, aspect angle, target fluctuation. Explanation: For
complex targets, the backscattered field may vary with rotation, leading to fluctuating TS values; statistical
models (e.G., K‑distribution) describe these variations. Example: A fish school exhibits TS fluctuations of
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± 3 dB over a 10‑minute interval due to schooling behavior. Practical application: Estimating biomass,
designing robust detection thresholds. Challenges: Accounting for variability in stock assessments,
separating target fluctuations from environmental noise.

Frequency‑Dependent Attenuation – the phenomenon where acoustic absorption increases with frequency,
limiting high‑frequency operation. Related terms: Chemical relaxation, viscosity, scattering loss. Explanation:
In seawater, attenuation α (dB km⁻¹) roughly follows α ≈ 0.002 F² for frequencies below 100 kHz, where f is in
kHz; above this, additional mechanisms dominate. Example: At 50 kHz, α ≈ 5 dB km⁻¹, whereas at 5 kHz,
α ≈ 0.05 DB km⁻¹. Practical application: Selecting operating frequencies for long‑range sonar versus
high‑resolution imaging. Challenges: Balancing resolution against range, compensating for attenuation in
signal processing.

Ground‑Bounce Interference – constructive or destructive interference between direct acoustic paths and
reflections from the sea floor. Related terms: Multipath, reverberation, interference pattern. Explanation:
When the time delay between the direct path and the bottom‑reflected path is comparable to the pulse
length, the two arrivals combine, altering the received waveform. Example: In shallow water, a 5 ms pulse
may experience a ground‑bounce that reduces peak amplitude by 6 dB. Practical application: Shallow‑water
sonar design, reverberation suppression techniques. Challenges: Predicting interference patterns, designing
pulse shapes to mitigate effects, incorporating models into detection algorithms.

Hydroacoustic Doppler Velocimetry (HDV) – a technique that measures water velocity by detecting the
Doppler shift of backscattered acoustic energy from particles. Related terms: Acoustic Doppler current
profiler (ADCP), particle seeding, frequency shift. Explanation: A transducer emits a continuous wave;
frequency shifts in the returned signal are proportional to the velocity component along the beam. Example:
An HDV sensor mounted on a mooring measures near‑surface currents with 1 cm s⁻¹ precision. Practical
application: Oceanographic research, validation of numerical models, flow monitoring around offshore
structures. Challenges: Dependence on particle concentration, beam‑angle selection, signal contamination
by bubbles.

Incoherent Integration – averaging the power (or magnitude) of successive acoustic pulses without
preserving phase, reducing variance of noise at the cost of slower SNR improvement. Related terms:
Non‑coherent averaging, variance reduction, detection probability. Explanation: Because phase information
is discarded, incoherent integration improves SNR proportional to the square root of the number of
integrated pulses (√N). Example: A sonar system integrates 100 non‑coherent pulses to enhance detection
of weak echoes. Practical application: Environments where phase decorrelation is rapid, such as turbulent
flows. Challenges: Lower SNR gain compared to coherent integration, need for longer integration times.

J‑Factor – a dimensionless parameter representing the ratio of target strength to background reverberation
level, used to assess detection feasibility. Related terms: Signal‑to‑reverberation ratio (SRR), detection index,
clutter. Explanation: J = TS – RL (both in dB); higher J indicates a more detectable target against reverberant
background. Example: A target with TS = –30 dB in an area with reverberation level of –45 dB yields J = 15 dB,
indicating good detectability. Practical application: Sonar system performance prediction, mission planning.
Challenges: Accurate estimation of reverberation, variability due to seafloor type, seasonal changes.
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Kelvin‑Helmholtz Instability – a fluid dynamic phenomenon that can generate fine‑scale turbulence and
associated acoustic scattering. Related terms: Shear layer, internal waves, acoustic backscatter. Explanation:
When two layers of fluid with different velocities interact, the instability produces vortices that can enhance
acoustic scattering from micro‑bubbles. Example: Enhanced high‑frequency backscatter observed in regions
of strong shear between surface currents and deeper water. Practical application: Interpreting acoustic
signatures of oceanic fronts, improving models of acoustic propagation in turbulent regions. Challenges:
Capturing small‑scale processes in acoustic models, limited in‑situ validation data.

Long‑Baseline (LBL) Positioning – a high‑accuracy underwater navigation system that uses a network of
seafloor transponders spaced over large (kilometer) baselines. Related terms: Baseline geometry,
time‑of‑flight, trilateration. Explanation: The vehicle transmits a ranging signal; each transponder replies;
measured travel times are converted to distances, and a least‑squares solution yields the vehicle’s position.
Example: An LBL system with four beacons provides 10 cm positional accuracy for a deep‑sea ROV. Practical
application: Precise surveying for subsea construction, scientific sampling at depth. Challenges: Deployment
and maintenance of seabed beacons, sound‑speed calibration, acoustic interference from other vessels.

Multipath Propagation – the phenomenon where acoustic energy travels along multiple distinct paths from
source to receiver, arriving at different times. Related terms: Reverberation, time‑delay spread, constructive
interference. Explanation: In shallow water, reflections from the surface and bottom create a series of
delayed arrivals that can blur the received signal. Example: A sonar ping in 30‑m depth water produces a
direct arrival followed by surface‑bounce and bottom‑bounce arrivals spaced by ~2 ms. Practical
application: Designing pulse compression schemes, developing reverberation‑suppression algorithms.
Challenges: Modeling path geometry, mitigating range ambiguity, preserving target resolution.

Noise‑Power Spectral Density (NPSD) – the distribution of acoustic noise power as a function of frequency,
expressed in dB µPa² Hz⁻¹. Related terms: Ambient noise, spectral density, bandwidth. Explanation: NPSD
characterizes the background environment; integrating NPSD over a bandwidth yields total noise power.
Example: In a busy shipping lane, the NPSD peaks around 200 Hz with levels of –120 dB µPa² Hz⁻¹. Practical
application: Setting detection thresholds, evaluating acoustic impact on marine life. Challenges: Temporal
variability, need for long‑term monitoring to capture transient events.

Oceanographic Acoustic Remote Sensing – the use of acoustic techniques to infer physical ocean properties
such as temperature, salinity, and currents. Related terms: Acoustic thermometry, tomography, inverse
modeling. Explanation: By measuring travel times, attenuation, and scattering, acoustic sensors can retrieve
environmental parameters through calibrated relationships. Example: An acoustic thermometer array
estimates sea‑surface temperature with ±0.1 °C accuracy over 100 km baselines. Practical application:
Climate monitoring, support for naval operations, validation of satellite observations. Challenges: Separating
environmental effects from source‑receiver variability, maintaining long‑term instrument stability.

Phase‑Array Transducer – a collection of individually driven acoustic elements whose phases are controlled
to shape the emitted beam. Related terms: Electronic steering, beamforming, element weighting.
Explanation: By adjusting the phase of each element, the array can steer the main lobe without mechanical
movement, enabling rapid scanning. Example: A 32‑element phased array operates at 1 kHz, achieving ± 30°
electronic steering in 0.1 S. Practical application: Synthetic aperture sonar, dynamic target tracking, adaptive
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beamforming. Challenges: Precise phase calibration, power consumption, element failure handling.

Quieting Techniques – methods employed to reduce the acoustic signature of ships or submarines, thereby
minimizing environmental impact and detection risk. Related terms: Cavitation control, anechoic coating,
propeller design. Explanation: Strategies include optimizing hull forms, using low‑noise propellers, and
implementing active noise cancellation. Example: A research vessel installs a ducted propeller and achieves
a 10 dB reduction in broadband noise. Practical application: Compliance with marine‑noise regulations,
stealth operations. Challenges: Trade‑offs with propulsion efficiency, cost of retrofitting, verification of noise
reductions.
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