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Advanced Certificate in Subsea Robotics and AI

Subsea Robot Design And Development

AUV stands for Autonomous Underwater Vehicle. It is a self‑propelled, untethered platform that performs
missions without direct human control. Typical applications include seabed mapping, pipeline inspection,
and environmental monitoring. An AUV must carry its own power source, navigation suite, and
mission‑specific sensors. For example, a survey AUV may be equipped with multibeam sonar, a CTD
(Conductivity, Temperature, Depth) sensor, and a high‑resolution camera. The key design challenge is
balancing endurance with payload capacity; larger battery packs increase range but add weight and volume,
reducing maneuverability.

ROV denotes Remotely Operated Vehicle, which differs from an AUV primarily by the presence of a tether
that provides power and communication links to the surface vessel. The tether also transmits
high‑bandwidth video and sensor data, allowing operators to make real‑time decisions. ROVs are
commonly used for intervention tasks such as valve turning, connector plugging, and sample collection. A
typical ROV architecture includes a work class manipulator, thruster array, and a suite of sensors (e.G.,
Depth, orientation, and acoustic positioning). Designing a tether requires careful consideration of
strength‑to‑weight ratio, drag, and signal attenuation.

Degree of Freedom (DOF) refers to the independent motions a robot can execute. In subsea robotics, six
DOF are standard: Surge, sway, heave (linear motions along X, Y, Z axes) and roll, pitch, yaw (rotational
motions). Some manipulators add additional DOF for wrist articulation or gripper opening. Understanding
DOF is essential for kinematic modeling and control algorithm development. A vehicle with full six‑DOF
thruster configuration can hover in place, a capability critical for precise inspection tasks.

Thruster is the propulsion device that generates thrust by expelling fluid. In subsea robots, thrusters are
typically electric, brushless, and sealed against high pressure. They may be fixed‑pitch or variable‑pitch,
influencing efficiency across speed ranges. Selection criteria include thrust-to-weight ratio, cavitation
resistance, and power consumption. For example, a small inspection ROV might use four vectorable
thrusters for omnidirectional movement, while a deep‑sea AUV may rely on a pair of high‑efficiency
propellers for long‑range transit.

Manipulator Arm is a mechanical appendage that provides the robot with the ability to interact physically
with objects. Manipulators are rated by payload capacity, reach, and DOF. A common configuration is a
six‑axis arm with a parallel‑jaw gripper. In oil‑and‑gas subsea work, manipulators must be capable of
turning bolts, connecting hydraulic lines, and handling tools up to several kilograms. Design considerations
include hydraulic vs. Electric actuation, sealing methods for pressure resistance, and the integration of
force/torque sensors for compliant control.
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Pressure Housing encloses the electronics and sensitive components, protecting them from the extreme
hydrostatic pressure encountered at depth. Materials such as titanium, high‑strength aluminum alloys, and
composite laminates are used depending on cost, weight, and corrosion requirements. The housing must
be designed to meet the target depth rating, often expressed in meters of water column (e.G., 6000 M).
Finite element analysis (FEA) is routinely employed to verify that the wall thickness and geometry can
withstand the external pressure while minimizing weight.

Tether is a cable that provides power, data, and sometimes video transmission from the surface to a ROV.
The tether must balance mechanical strength, flexibility, and signal integrity. Common constructions use a
central strength member (e.G., Aramid fiber) surrounded by copper conductors for power and fiber‑optic
strands for high‑bandwidth communication. Tether drag influences vehicle dynamics; therefore, designers
often model tether behavior using computational fluid dynamics (CFD) to predict catenary shape and added
drag in various sea states.

Acoustic Communication is the primary method for transmitting data between a submerged robot and a
surface platform when a tether is not available. Acoustic modems encode data onto sound waves that travel
through water, exploiting the medium’s relatively low attenuation at low frequencies (typically 10 kHz–
30 kHz). Bandwidth is limited (often Sonar (Sound Navigation and Ranging) provides ranging and imaging
capabilities using acoustic pulses. Multibeam sonar systems emit a fan of beams to generate
high‑resolution bathymetric maps of the seafloor. Side‑scan sonar produces two‑dimensional intensity
images useful for detecting objects, pipelines, and wrecks. Designing sonar payloads involves trade‑offs
among frequency (higher frequency yields finer resolution but lower range), beamwidth, and power
consumption. Integration with navigation systems enables real‑time obstacle avoidance.

Fiber‑Optic Cable is increasingly used for high‑speed data transmission in tethered systems. Compared with
copper, fiber offers greater bandwidth, lower weight, and immunity to electromagnetic interference.
However, fiber is more fragile, requiring protective sheathing and careful routing within the tether assembly.
In hybrid tethers, fiber may be paired with power conductors, allowing simultaneous delivery of energy and
high‑definition video streams.

Power Management encompasses the distribution, monitoring, and regulation of electrical energy within
the robot. A typical subsea robot includes battery packs, power converters, and protection circuitry. Power
management strategies such as duty‑cycling, adaptive sensor scheduling, and low‑power sleep modes
extend mission endurance. For AUVs, lithium‑ion batteries are common due to high energy density, but
they must be housed in pressure‑balanced containers to avoid implosion.

Battery Technology has a direct impact on vehicle endurance. Lithium‑ion cells provide the best
combination of energy density and cycle life for most subsea applications, yet they require careful thermal
management and protection against over‑discharge. Alternative chemistries such as lithium‑polymer or
solid‑state batteries are emerging, offering higher safety margins. The choice of cell format (cylindrical vs.
Pouch) influences packaging geometry and integration into the pressure housing.
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Redundancy is a design principle that improves reliability by providing backup components for critical
functions. In subsea robots, redundancy may be applied to thrusters, sensors, and communication links. For
example, a vehicle might be equipped with four thrusters but only require three for stable operation; the
fourth can serve as a fail‑safe in case of a malfunction. Redundant architecture must be balanced against
increased weight, cost, and complexity.

Fault Tolerance refers to the ability of a system to continue operating despite component failures.
Fault‑tolerant control algorithms detect anomalies, isolate faulty components, and reconfigure control laws
to maintain stability. In practice, this may involve switching from a PID controller to a model‑predictive
controller when a thruster degrades, or using sensor fusion to compensate for a failed depth sensor.

Control Algorithms dictate how the robot translates desired motions into actuator commands. Classic
approaches include proportional‑integral‑derivative (PID) control, which offers simplicity and ease of tuning.
More advanced techniques such as model‑predictive control (MPC) predict future states based on a vehicle
model and optimize control inputs over a horizon, improving performance under constraints. Adaptive
control can adjust gains in real time to cope with changing hydrodynamic conditions.

PID Controller is a fundamental feedback mechanism that combines proportional, integral, and derivative
terms to correct error between a setpoint and measured value. In subsea robotics, PID loops are often used
for depth hold, heading control, and thruster speed regulation. Tuning involves selecting appropriate gains
to achieve a desired trade‑off between responsiveness and overshoot, which can be challenging due to the
nonlinear drag forces underwater.

Model‑Predictive Control (MPC) uses a mathematical model of the vehicle dynamics to forecast future
behavior over a prediction horizon. At each control step, an optimization problem determines the control
actions that minimize a cost function while respecting constraints such as thruster limits and collision
avoidance. MPC is computationally intensive, requiring real‑time solvers that can operate on embedded
processors within the robot’s control computer.

Simultaneous Localization and Mapping (SLAM) is a technique that enables a robot to build a map of an
unknown environment while simultaneously estimating its own pose within that map. Underwater SLAM
often relies on acoustic sensors (e.G., Doppler velocity log, multibeam sonar) combined with inertial
measurements. The algorithm must handle sparse, noisy data and compensate for drift over long missions.
Successful SLAM implementation improves navigation accuracy in GPS‑denied environments.

Navigation Suite includes all sensors and algorithms required for determining the robot’s position and
orientation. Core components are the inertial navigation system (INS), Doppler velocity log (DVL), depth
sensor, and acoustic positioning system (e.G., Ultra‑Short Baseline, USBL). The INS provides high‑rate
attitude estimates but suffers from drift; the DVL measures velocity relative to the seabed, allowing
correction of INS errors. Integration of these sources through sensor fusion (e.G., Kalman filtering) yields a
robust navigation solution.
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Inertial Navigation System (INS) combines gyroscopes and accelerometers to estimate orientation and
linear motion. Modern MEMS IMUs (Inertial Measurement Units) are compact and low‑cost, but their bias
instability can lead to significant position errors over long periods. For deep‑sea missions, high‑grade
fiber‑optic gyros are preferred despite higher cost, as they provide superior stability and lower drift rates.

Doppler Velocity Log (DVL) measures the vehicle’s velocity relative to the seafloor by emitting acoustic
beams and analyzing the Doppler shift of the reflected signals. DVL data are essential for dead‑reckoning
navigation when GPS is unavailable. The accuracy of a DVL depends on beam geometry, seafloor reflectivity,
and vehicle altitude. Integration with the INS allows correction of accumulated errors.

Dead‑Reckoning is the process of estimating current position by integrating velocity over time, starting
from a known location. While simple, dead‑reckoning accumulates error due to sensor noise and bias. In
practice, dead‑reckoning is combined with periodic updates from absolute positioning systems (e.G.,
Acoustic beacons) to bound the error growth.

Sensor Fusion merges data from multiple sensors to produce a more accurate and reliable estimate of the
robot’s state. Kalman filters, particle filters, and complementary filters are common fusion techniques. For
instance, a fused depth estimate may combine pressure sensor readings with acoustic ranging data,
reducing susceptibility to individual sensor failures.

Pressure Sensor measures ambient water pressure, which is directly related to depth. High‑precision
pressure transducers are used for depth hold and navigation. Calibration is required to compensate for
temperature‑induced drift. In deep‑sea applications, the sensor must be housed in a pressure‑balanced oil
chamber to avoid crushing.

Temperature Sensor provides measurements of the surrounding water temperature, which is important for
both scientific data collection and compensation of sensor performance (e.G., Pressure sensor drift).
Thermistors and resistance temperature detectors (RTDs) are common, with typical accuracies of ±0.1 °C.

Hydrophone is an underwater microphone that detects acoustic signals. Hydrophones are employed for
passive sonar (listening for sounds) and for receiving acoustic modem data. Arrays of hydrophones enable
beamforming, which can localize sound sources and improve communication reliability.

Acoustic Modem encodes digital data onto acoustic carriers. Modems differ in frequency, data rate, and
range. Low‑frequency modems (e.G., 10 KHz) provide longer range but lower bandwidth, while
high‑frequency modems (e.G., 30 KHz) enable higher data rates over shorter distances. Design
considerations include transducer size, power consumption, and environmental impact (e.G., Noise
pollution).

Latency in subsea communication refers to the time delay between transmitting a command and receiving a
response. Acoustic channels exhibit latencies of several seconds due to the slow speed of sound in water
(~1500 m/s). High latency impacts teleoperation, requiring predictive control strategies and increased
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autonomy.

Bandwidth is the maximum data rate that a communication channel can support. Acoustic channels have
limited bandwidth, often constrained to a few kilobits per second. This restriction influences the choice of
sensor data to transmit; for example, raw video may be compressed or sent only on request.

Data Logging records sensor measurements, vehicle states, and system events for post‑mission analysis.
Robust logging requires sufficient storage capacity, reliable file systems, and protection against power loss.
In safety‑critical missions, redundant logging (e.G., Dual flash drives) can prevent loss of critical data.

Software Architecture defines the organization of software components, communication pathways, and
execution models. A common approach is a modular, layered architecture where low‑level drivers interface
with hardware, middle‑level services handle data processing, and high‑level mission planning orchestrates
tasks. Clear separation of concerns facilitates testing, maintenance, and future upgrades.

ROS (Robot Operating System) is an open‑source middleware that provides tools for message passing,
device drivers, and simulation. ROS has been adapted for underwater applications, offering packages for
sensor integration, navigation, and control. However, ROS was originally designed for desktop
environments; using it on embedded marine computers may require lightweight variants (e.G., ROS 2 with
real‑time extensions).

Middleware abstracts hardware details and provides a common communication protocol among software
modules. In subsea robotics, middleware must support real‑time guarantees, deterministic scheduling, and
fault‑tolerant messaging. DDS (Data Distribution Service) is a standard often used in ROS 2, offering
quality‑of‑service (QoS) settings tailored for unreliable acoustic links.

Real‑Time Operating System (RTOS) ensures that critical tasks meet strict timing constraints. Popular RTOS
choices for subsea robots include VxWorks, QNX, and FreeRTOS. An RTOS provides deterministic task
scheduling, priority inheritance, and low‑latency interrupt handling—essential for closed‑loop control and
sensor fusion.

Safety Standards such as IEC 60753 (Underwater robotics – Safety requirements) and API 17J (Subsea
equipment – Design, testing, and certification) define guidelines for design, testing, and documentation.
Compliance with these standards is often required for commercial deployment in oil‑and‑gas fields.
Standards address aspects such as pressure testing, electromagnetic compatibility, and environmental
impact.

Corrosion Resistance is a critical material property for components exposed to seawater. Materials like
titanium and certain stainless steel grades (e.G., 316L) exhibit excellent resistance to pitting and crevice
corrosion. Protective coatings (e.G., Anodizing, epoxy) can extend the life of aluminum alloys, but coating
integrity must be verified through accelerated aging tests.
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Material Selection involves evaluating mechanical strength, density, corrosion resistance, and cost. For
pressure housings, titanium offers high strength‑to‑weight ratio and corrosion resistance but is expensive.
Aluminum alloys provide lower cost and good machinability but may require additional protective
measures. Composite laminates (e.G., Carbon fiber with epoxy) reduce weight but demand careful design to
avoid delamination under pressure cycles.

Sealing techniques protect internal components from water ingress. Common sealing methods include
O‑ring grooves, compression seals, and double‑seal designs. Penetrators allow cables to pass through the
pressure boundary while maintaining a watertight seal; they are typically rated by pressure and number of
conductors they can accommodate.

O‑Ring is a circular elastomeric seal that fits into a groove and is compressed to create a water‑tight barrier.
Material selection (e.G., Nitrile, Viton) depends on operating temperature and chemical exposure. Proper
groove geometry and torque specifications are essential to avoid over‑compression, which can lead to
extrusion and seal failure.

Penetrator provides a sealed interface for power, data, or hydraulic lines crossing the pressure boundary.
Penetrators are classified by pressure rating, number of pins, and connector type. In high‑pressure
applications, ceramic or glass‑sealed penetrators are preferred for their superior strength and chemical
resistance.

Umbilical is a hybrid tether that combines power, fiber‑optic communication, and hydraulic lines. Umbilicals
are used for deep‑sea workclass ROVs where high power and low‑latency control are required. Designing an
umbilical involves trade‑offs among flexibility (to avoid snagging), strength (to support the robot’s weight),
and drag (which influences maneuverability).

Hydraulic Actuation provides high force density, making it suitable for heavy‑duty manipulators and tool
deployment mechanisms. Hydraulic systems require sealed fluid loops, pressure regulators, and
accumulators. The main challenges are leak prevention, oil contamination, and ensuring the hydraulic fluid
does not freeze at low temperatures.

Electric Actuation uses electric motors (e.G., Brushless DC) coupled with gear reductions. Electric actuation
offers precise control, lower maintenance, and easier integration with electronic control loops. However,
electric motors may have lower force output compared with hydraulics, requiring careful gear design to
meet torque requirements.

Force/Torque Sensor measures the three orthogonal forces and three moments applied at the end‑effector
of a manipulator. These sensors enable compliant control strategies such as impedance control, which can
protect delicate structures during contact tasks. Calibration involves applying known loads and verifying
sensor linearity across the operating range.

Impedance Control is a control strategy that regulates the dynamic relationship between force and motion,
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allowing the robot to behave like a virtual spring‑damper system. In subsea manipulation, impedance
control helps maintain safe contact forces when turning a valve or inserting a tool into a fixture.
Implementation requires real‑time force feedback and accurate modeling of the robot’s dynamics.

Compliance refers to the ability of a robot to adapt its motion in response to external forces. Passive
compliance can be achieved with mechanical springs or flexures, while active compliance utilizes sensor
feedback and control algorithms. Compliance reduces impact forces, which is valuable when operating near
fragile marine habitats.

Path Planning determines a collision‑free trajectory from a start location to a goal while respecting vehicle
dynamics and environmental constraints. Algorithms range from simple waypoint interpolation to advanced
sampling‑based methods such as Rapidly‑exploring Random Trees (RRT) and probabilistic roadmaps. In
underwater environments, path planning must account for currents, obstacles detected by sonar, and
limited communication windows.

Reinforcement Learning is an AI technique where an agent learns optimal actions through trial‑and‑error
interactions with its environment. For subsea robots, reinforcement learning can be used to develop
adaptive navigation policies that cope with unknown currents or to optimize energy consumption. Training
often occurs in simulation before transfer to the physical platform, requiring domain randomization to
bridge the reality gap.

Computer Vision underwater faces challenges such as light attenuation, scattering, and color shift due to
wavelength‑dependent absorption. Image processing pipelines typically include de‑hazing, color correction,
and contrast enhancement. Machine learning models (e.G., Convolutional neural networks) can be trained
to detect pipelines, marine fauna, or structural defects directly from video streams.

Image Processing techniques such as edge detection, morphological filtering, and region growing are
employed to extract features from sonar or optical images. For example, a side‑scan sonar image may be
processed to highlight linear anomalies that indicate cable damage. Real‑time processing demands efficient
algorithms and often hardware acceleration (e.G., GPU).

Machine Learning models are increasingly used for fault detection, sensor calibration, and anomaly
identification. Supervised learning requires labeled datasets, which can be obtained from simulated
environments or annotated field data. Unsupervised approaches such as clustering can reveal patterns in
sensor data that indicate emerging issues, allowing pre‑emptive maintenance.

Fault Detection systems monitor health parameters (e.G., Motor current, battery voltage) and apply
statistical or machine‑learning techniques to identify deviations from normal behavior. Early detection of
thruster degradation, for instance, can trigger a reallocation of thrust to maintain mission performance.

Environmental Impact considerations include noise pollution from thrusters and acoustic modems,
disturbance of marine life, and potential contamination from leaked hydraulic fluid. Designers mitigate
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impact by selecting low‑noise propeller designs, scheduling missions to avoid sensitive breeding periods,
and using environmentally friendly lubricants.

Biofouling is the accumulation of marine organisms on the robot’s hull, sensors, and camera lenses. Fouling
degrades sensor performance (e.G., Reduces sonar return strength) and increases drag. Anti‑fouling
coatings, periodic cleaning cycles, and mechanical wipers are strategies to manage biofouling during
extended deployments.

Corrosion Fatigue occurs when cyclic loading in a corrosive environment leads to crack initiation and
propagation. Pressure housings and structural members are subject to pressure cycles during descent and
ascent, making fatigue analysis essential. Design codes specify allowable stress ranges and require finite‑life
assessments.

Hydrodynamic Drag opposes vehicle motion and is a function of shape, surface roughness, and flow regime.
Drag is often estimated using the coefficient of drag (Cd) derived from CFD simulations or towing tank
tests. Reducing drag through streamlined hull shapes and smooth finishes directly improves endurance.

Computational Fluid Dynamics (CFD) simulates fluid flow around the robot to predict pressure distribution,
drag, and vortex shedding. CFD results guide hull shaping, thruster placement, and tether routing.
Validation against experimental measurements (e.G., Water tunnel testing) ensures model fidelity.

Finite Element Analysis (FEA) assesses structural integrity under pressure, mechanical loads, and thermal
stresses. For pressure housings, FEA determines wall thickness needed to meet safety factors. For
manipulator arms, FEA evaluates deflection under load to guarantee positioning accuracy.

Prototype Testing includes pressure chamber tests, sea trials, and system integration verification. Pressure
testing validates the integrity of housings and seals at the target depth rating, often with a safety margin of
1.5×. Sea trials assess vehicle performance in real ocean conditions, providing data on navigation accuracy,
thruster efficiency, and sensor reliability.

Verification confirms that design specifications have been correctly implemented. This may involve checking
that a thruster delivers the rated thrust at a given voltage, or that a pressure sensor meets its accuracy class.
Verification activities are documented and often required for certification.

Validation ensures that the final system fulfills its intended operational purpose. Validation scenarios
simulate real missions, such as a pipeline inspection run where the robot must detect and classify defects.
Successful validation demonstrates readiness for deployment.

Integration is the process of assembling subsystems (e.G., Power, control, sensors) into a cohesive robot.
Mechanical integration includes mounting thrusters, routing cables, and ensuring balanced mass
distribution. Electrical integration requires power budgeting, signal integrity checks, and grounding
schemes to avoid electromagnetic interference.
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Mass Distribution influences vehicle stability and maneuverability. An uneven mass distribution can cause
persistent roll or pitch drift, requiring additional thruster compensation. Designers often conduct a
mass‑property analysis to locate the center of gravity and align it with the hydrodynamic center of
buoyancy.

Buoyancy management is achieved using syntactic foam, ballast tanks, or variable‑volume bladders. The
vehicle must achieve neutral buoyancy for efficient hovering. Adjustments may be needed after payload
changes; for instance, adding a new sensor may require adding compensating foam blocks.

Variable‑Volume Bladder allows on‑the‑fly buoyancy control by inflating or deflating a flexible membrane
with compressed air or oil. This capability enables depth changes without expending thruster energy,
extending mission endurance. Control of the bladder must be synchronized with navigation to avoid rapid
ascent or descent.

Hydrostatic Pressure increases linearly with depth, approximately 1 bar every 10 m of seawater. Design for
deep‑sea operation must account for the cumulative pressure on all external components, including
connectors, thrusters, and sensor housings. Pressure compensation techniques, such as oil‑filled chambers,
reduce the net load on electronics.

Acoustic Beacon provides a fixed reference point for underwater positioning. By measuring the travel time
of acoustic pulses from the beacon to the vehicle’s modem, the vehicle can compute its range and
triangulate position. Deploying a network of beacons creates an acoustic positioning system with accuracy
on the order of decimeters.

Ultra‑Short Baseline (USBL) is a surface‑based acoustic positioning method where a transceiver on the ship
emits a ping and receives the echo from a transponder on the robot. The system calculates the robot’s
bearing and range, delivering position updates to the navigation filter. USBL is widely used for ROV
operations due to its ease of deployment.

Acoustic Doppler Current Profiler (ADCP) measures water current velocity profiles using the Doppler shift of
backscattered acoustic signals. Knowing the current field enables the robot to compensate for drift and plan
energy‑efficient trajectories. ADCP data are often fused with DVL measurements for enhanced navigation
accuracy.

Power Budget is a detailed accounting of all electrical loads throughout a mission, including propulsion,
sensors, processing, and communication. Engineers develop a power budget early in the design phase to
size battery capacity and ensure mission feasibility. Margins are added to accommodate uncertainties and
degradation over time.

Energy Density quantifies the amount of stored energy per unit mass (Wh/kg) or volume (Wh/L). High
energy density batteries enable longer missions without excessive weight. Emerging technologies such as
lithium‑sulfur promise higher energy densities but are still under development for marine use.
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Thermal Management maintains electronic components within safe operating temperatures. In deep‑sea
environments, ambient water temperature can be low, but heat generated by power electronics may cause
localized hot spots. Heat exchangers, conductive paths to the hull, and active cooling loops are employed to
dissipate heat.

EMI Shielding prevents electromagnetic interference from corrupting sensor data or communication links.
Shielded cables, grounded enclosures, and careful routing of high‑current lines reduce EMI risk. Compliance
with electromagnetic compatibility (EMC) standards is often part of certification.

Latency Compensation techniques address the delay inherent in acoustic communication. Predictive control
models forecast vehicle motion during the communication delay, allowing the operator to issue commands
that will be effective upon receipt. Buffering strategies also store incoming data for later processing.

Mission Planning involves defining waypoints, tasks, and resource allocation before deployment. Software
tools allow operators to simulate mission trajectories, estimate energy consumption, and identify potential
hazards. Dynamic replanning capabilities enable the robot to adapt to unexpected obstacles or sensor
failures.

Autonomy Level ranges from teleoperated (low autonomy) to fully autonomous (high autonomy).
Intermediate levels include supervisory control, where the operator sets high‑level goals and the robot
handles low‑level execution. The degree of autonomy influences required onboard processing power and
the sophistication of AI algorithms.

Data Compression reduces the size of transmitted data, essential for low‑bandwidth acoustic channels.
Lossless compression methods preserve scientific integrity, while lossy techniques (e.G., JPEG for images)
trade fidelity for bandwidth savings. Adaptive compression can adjust rates based on current channel
quality.

Redundant Sensors provide backup measurements for critical variables such as depth and orientation. For
example, a robot may carry both a pressure sensor and a sonar‑based altimeter to cross‑validate depth
estimates. Redundancy improves reliability but adds cost and integration complexity.

Safety‑Critical Software must adhere to rigorous development processes, including formal verification, code
reviews, and testing against failure scenarios. Standards such as IEC 61508 define safety integrity levels (SIL)
that dictate required development rigor. In subsea robotics, safety‑critical software often governs thruster
control and emergency surfacing.

Emergency Surface procedure defines how the robot returns to the surface when a fault occurs. Triggers
may include loss of navigation, battery depletion, or critical sensor failure. The robot may initiate an ascent
using buoyancy control or activate a rescue tether. Design must ensure that ascent does not exceed
structural limits.
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Rescue Tether is a lightweight cable that can be deployed from the surface to retrieve a malfunctioning
robot. The tether includes a winch mechanism on the vehicle to reel in the cable, providing power for ascent
and a physical connection for recovery. Integration of a rescue tether adds redundancy without the full
weight of a permanent tether.

Hydraulic Rescue System provides high‑force assistance for heavy workclass ROVs during emergency
retrieval. It can power a winch or hydraulic lift that pulls the vehicle upward. The system must be designed
to operate reliably under high pressure and be compatible with the vehicle’s existing hydraulic
infrastructure.

Acoustic Emission Monitoring detects stress‑induced acoustic signals emitted by structural components,
allowing early identification of crack formation. In subsea robots, acoustic emission sensors can be
embedded in pressure housings to monitor fatigue during long deployments.

Electro‑Optical Sensor combines optical imaging with electronic processing, such as a camera with
integrated edge detection. Electro‑optical sensors are useful for close‑range inspection tasks where
high‑resolution visual data are required, but they must be protected from pressure and biofouling.

Laser Scanning underwater is limited by water scattering, yet short‑range laser line scanners can provide
precise 3D surface measurements for small objects (e.G., Valve stems). Integration of laser scanning requires
careful safety considerations to avoid eye hazards for divers.

Multibeam Echo‑Sounder emits a fan of acoustic beams to generate detailed bathymetric maps. The system
can be mounted on the underside of an AUV, providing simultaneous navigation aid and scientific data
collection. Calibration of beam angles and timing is essential for accurate depth measurements.

Side‑Scan Sonar produces acoustic intensity images that reveal seafloor texture and objects. Side‑scan data
are often processed with image segmentation algorithms to identify anomalies such as pipe leaks or debris.
The sensor’s footprint depends on altitude and frequency; lower altitude yields higher resolution.

Acoustic Imaging combines sonar data with advanced processing to reconstruct three‑dimensional
representations of underwater structures. Techniques such as synthetic aperture sonar (SAS) improve
resolution by exploiting vehicle motion to synthesize a larger aperture. SAS requires precise navigation and
motion compensation.

Synthetic Aperture Sonar (SAS) achieves high‑resolution imagery by coherently integrating successive pings
as the vehicle moves. The process demands accurate knowledge of vehicle pose, often supplied by
high‑rate INS/DVL fusion. SAS is valuable for detecting small defects on pipelines or hulls.

Environmental Sensing includes measuring parameters such as salinity, dissolved oxygen, and turbidity.
These sensors provide context for mission objectives (e.G., Assessing habitat health) and can influence
vehicle behavior; for instance, high turbidity may reduce optical sensor effectiveness, prompting a switch to

Read online: https://certificates.gsbf.co.uk/guides/5177277/subsea-
robot-design-and-development

Greenwich School of Business and Finance · 05 Jul 2026



G U I D E

acoustic modalities.

CTD Sensor measures Conductivity, Temperature, and Depth, from which salinity and density are derived.
Accurate CTD data are crucial for buoyancy calculations, as water density variations affect the vehicle’s
neutral buoyancy condition. Real‑time CTD updates allow the robot to adjust ballast or bladder volume
dynamically.

Acoustic Doppler Current Profiler (ADCP) provides vertical profiles of water current speed and direction. By
integrating ADCP data, the robot can predict drift over a mission segment and adjust its path planning to
conserve energy. ADCPs are typically mounted on the hull, pointing downward.

Acoustic Modem Protocol defines message framing, error detection, and retransmission strategies.
Common protocols include proprietary schemes from manufacturers and standardized formats such as the
Underwater Acoustic Standard (UAS). Protocol selection influences reliability and compatibility with other
platforms.

Latency‑Aware Control designs controllers that incorporate known communication delays into the control
law. For teleoperated ROVs, latency‑aware controllers can smooth operator commands, preventing abrupt
motions that could destabilize the vehicle during the delay interval.

Energy Harvesting explores methods to extract power from the environment, such as using ocean currents,
temperature gradients (thermoelectric generators), or wave motion. While still experimental, energy
harvesting could extend mission duration for long‑term monitoring platforms.

Machine Vision underwater utilizes deep‑learning models trained on annotated datasets of marine objects.
Transfer learning can adapt terrestrial image models to underwater domains by fine‑tuning on limited
underwater data. Robustness to lighting variations and particulate scattering remains a challenge.

Acoustic Localization determines robot position by measuring time‑of‑flight from multiple acoustic
beacons. Triangulation yields a position estimate with accuracy depending on beacon geometry and
signal‑to‑noise ratio. Acoustic localization is often fused with INS/DVL data for improved robustness.

Fault‑Tolerant Navigation combines redundant positioning sources (e.G., DVL, acoustic beacons, INS) to
maintain navigation continuity when one source degrades. Adaptive weighting schemes dynamically adjust
the contribution of each sensor based on confidence metrics derived from residual errors.

Mission Autonomy includes high‑level decision making such as waypoint selection, adaptive sampling, and
re‑tasking based on sensor observations. For example, an AUV tasked with coral health monitoring may
alter its survey pattern when it detects signs of bleaching, focusing more effort on affected areas.

Adaptive Sampling uses real‑time analysis of collected data to modify the sampling strategy. Algorithms
evaluate information gain and direct the robot toward regions of high scientific interest. This approach
maximizes the value of limited onboard storage and battery capacity.
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Real‑Time Data Processing is essential for closed‑loop control, fault detection, and on‑board decision
making. Embedded GPUs or dedicated AI accelerators enable inference of deep‑learning models within the
power budget of the robot. Efficient software pipelines minimize latency and preserve computational
resources.

Software‑in‑the‑Loop (SIL) testing validates control algorithms within a simulated environment before
deployment. SIL allows developers to assess performance under varying conditions (e.G., Different current
profiles) without risking hardware. It also facilitates rapid iteration of AI models.

Hardware‑in‑the‑Loop (HIL) integrates real hardware components (e.G., Thrusters, sensors) with a simulation
of the rest of the system. HIL testing uncovers integration issues such as unexpected sensor noise or
actuator saturation, providing a more realistic assessment than pure simulation.
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