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Advanced Certificate in Subsea Robotics and AI

Robotics And Autonomous Systems

Robotics and autonomous systems in the subsea environment combine principles of mechanical
engineering, computer science, control theory, and marine technology to create machines capable of
performing tasks without direct human intervention. Understanding the specialized terminology is essential
for mastering the Advanced Certificate in Subsea Robotics and AI. The following glossary provides detailed
explanations of each key term, complemented by practical examples, typical applications, and the
challenges that engineers frequently encounter in the field.

Actuator – A device that converts electrical, hydraulic, or pneumatic energy into mechanical motion. In
subsea manipulators, hydraulic actuators are common because they provide high force density and can
operate reliably under high pressure. An example is a hydraulic cylinder that opens a subsea valve.
Challenges include sealing actuators to prevent water ingress and compensating for temperature‑induced
viscosity changes that affect response speed.

Sensor – An element that detects physical quantities and converts them into electronic signals. Subsea
robots employ a variety of sensors such as pressure transducers, inertial measurement units (IMUs), acoustic
Doppler current profilers (ADCPs), and vision systems. A pressure sensor might be used to monitor the
depth of an autonomous underwater vehicle (AUV). The primary difficulty lies in mitigating sensor drift
caused by long exposure to saltwater and ensuring calibration remains accurate over extended missions.

Inertial Measurement Unit (IMU) – A compact sensor suite that measures angular velocity, linear
acceleration, and sometimes magnetic field strength. IMUs are integral to dead‑reckoning navigation when
GPS signals are unavailable. For instance, an AUV uses its IMU to estimate orientation while traversing a
trench. The challenge is that accumulated error can quickly become significant, requiring periodic correction
from external references such as acoustic beacons.

Acoustic Beacon – A transponder that emits sound pulses used for underwater positioning. By measuring
the time‑of‑flight of acoustic signals, a robot can triangulate its location relative to known beacon positions.
A common deployment is a long‑baseline (LBL) system for precise subsea survey work. Acoustic beacons
must be carefully calibrated to account for variations in sound speed due to temperature, salinity, and
pressure, otherwise positioning errors increase.

Simultaneous Localization and Mapping (SLAM) – An algorithmic framework that enables a robot to build a
map of an unknown environment while simultaneously determining its own pose within that map. In subsea
contexts, SLAM may rely on sonar point clouds, visual features from low‑light cameras, and inertial data. A
practical application is an AUV mapping a shipwreck while maintaining awareness of its trajectory. The
principal challenge is coping with the highly variable acoustic scattering characteristics of the seabed, which
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can degrade feature extraction and lead to map inconsistency.

Robot Operating System (ROS) – An open‑source middleware suite that provides standardized
communication, device drivers, and tools for developing robotic applications. ROS supports modular
development, allowing engineers to swap perception, planning, and control components. For example, a
subsea manipulator’s grasp planning node can be replaced with a machine‑learning‑based approach
without rewriting the entire system. The difficulty in subsea use stems from ROS’s original design for
terrestrial networks; adapting it to low‑bandwidth, high‑latency acoustic links requires custom message
throttling and reliability mechanisms.

Manipulator – A robotic arm equipped with one or more joints and an end‑effector designed to interact
with objects. Subsea manipulators often feature six degrees of freedom and are mounted on remotely
operated vehicles (ROVs) or AUVs. An example is a gripper that retrieves a damaged valve from an offshore
platform. Key challenges include designing joints that can withstand the external pressure of > 3000 meters
depth while maintaining precise control and providing adequate payload capacity.

Degrees of Freedom (DoF) – The number of independent motions a robot can perform. In a typical subsea
manipulator, each revolute joint adds one rotational DoF, while prismatic joints add linear DoF.
Understanding DoF is critical for motion planning; a 6‑DoF arm can position its end‑effector at any point
within its reachable workspace with an arbitrary orientation. However, increasing DoF also raises
computational complexity for inverse kinematics and control, especially when operating under limited
processing resources on board an AUV.

Inverse Kinematics (IK) – The mathematical process of determining joint parameters that achieve a desired
end‑effector pose. In subsea robotics, IK solutions must account for joint limits, hydraulic dynamics, and
external forces such as currents. A common scenario is calculating the joint angles needed for a manipulator
to align a tool with a subsea connector. Real‑time IK is challenging because the equations can be non‑linear
and may have multiple solutions, requiring robust selection criteria to avoid singular configurations.

Forward Kinematics (FK) – The calculation of the end‑effector pose given a set of joint parameters. FK is
used for simulation and verification of motion commands before they are sent to the hardware. For
instance, an operator may preview the trajectory of a manipulator in a virtual environment to ensure
collision‑free operation. The main limitation is that FK does not consider external disturbances, so the
predicted pose may diverge from reality if unexpected forces act on the robot.

Jacobian Matrix – A matrix that relates joint velocities to end‑effector linear and angular velocities. The
Jacobian is fundamental for velocity‑level control and for detecting singularities where the robot loses
certain motion capabilities. In subsea applications, the Jacobian helps compute the necessary joint rates to
compensate for ocean currents while maintaining a steady tool position. Computing the Jacobian accurately
requires precise knowledge of the robot’s geometry and joint offsets, which can change over time due to
wear or thermal expansion.
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Singularity – A configuration where the Jacobian loses rank, causing loss of controllable directions or infinite
joint velocities for finite end‑effector motions. For a 6‑DoF arm, a common singularity occurs when the wrist
aligns with the forearm, creating a “wrist‑singular” condition. Avoiding singularities is critical for safe
operation, as attempts to move through a singular pose can cause motor overload or unstable behavior.
Path planning algorithms therefore incorporate singularity avoidance heuristics.

Path Planning – The process of generating a collision‑free trajectory from a start pose to a goal pose while
respecting robot dynamics and environmental constraints. In subsea robotics, path planning must
incorporate obstacles such as pipelines, seabed topography, and moving marine life. Algorithms like
Rapidly‑Exploring Random Trees (RRT) and A* are adapted to three‑dimensional underwater spaces. The
primary difficulty is the uncertainty of the environment; acoustic maps may be coarse, requiring planners to
be robust to incomplete or noisy data.

Trajectory Optimization – The refinement of a planned path to satisfy additional criteria such as minimizing
energy consumption, travel time, or exposure to hazardous currents. An AUV tasked with inspecting a
subsea cable may use trajectory optimization to reduce battery drain while maintaining sufficient sensor
coverage. Optimization often relies on gradient‑based methods that need accurate models of vehicle
dynamics, which can be hard to obtain due to the complex hydrodynamic forces acting on the robot.

Hydrodynamics – The study of fluid flow around bodies, crucial for predicting the forces and moments
experienced by underwater robots. Hydrodynamic coefficients such as drag, lift, and added mass influence
maneuverability and control effort. For example, a torpedo‑shaped AUV benefits from low drag, allowing
higher speed with less thrust. Accurately modeling hydrodynamics is challenging because it depends on
Reynolds number, surface roughness, and flow separation, all of which vary with depth and sea state.

Added Mass – The apparent increase in inertia caused by the need to accelerate surrounding water when a
body moves. In subsea robotics, added mass can dominate the inertial properties of lightweight
manipulators, making them feel “heavier” than their physical mass suggests. Designers must incorporate
added mass into control algorithms to avoid overshoot and oscillations. Measuring added mass
experimentally is difficult, often requiring system identification procedures in controlled water tanks.

Control Loop – The feedback cycle that continuously monitors a robot’s state and issues commands to
achieve desired behavior. Typical loops include sensor acquisition, state estimation, control law
computation, and actuator command transmission. In a subsea manipulator, a closed‑loop position
controller may use encoder feedback to correct for hydraulic lag. Latency introduced by acoustic
communication can destabilize control loops, so designers often implement local autonomy that reduces
reliance on remote commands.

Proportional‑Integral‑Derivative (PID) Controller – A widely used control strategy that combines
proportional, integral, and derivative actions to reduce error. A PID controller can regulate the pressure of a
hydraulic actuator to maintain a steady force on a subsea valve. Tuning PID gains underwater is non‑trivial
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because the plant dynamics change with pressure and temperature, requiring adaptive or gain‑scheduling
techniques.

Model Predictive Control (MPC) – An advanced control method that solves an optimization problem over a
finite future horizon, using a model of the system to predict behavior. MPC can handle multi‑input,
multi‑output systems with constraints such as joint limits and actuator saturation. In subsea robotics, MPC
may be employed to coordinate the motion of a multi‑arm manipulator while avoiding collisions with the
seabed. The computational burden of solving the optimization in real time is a major obstacle, especially on
embedded processors with limited resources.

Adaptive Control – A control approach that modifies its parameters online to cope with uncertainties or
changing dynamics. For a subsea robot whose hydrodynamic coefficients vary with depth, an adaptive
controller can adjust gains to maintain performance. Implementing adaptive control requires persistent
excitation of the system to ensure parameter convergence, which may be difficult to guarantee in
mission‑critical operations.

Fault Tolerance – The ability of a system to continue operating despite component failures. Redundant
sensor suites, dual‑redundant actuators, and software watchdogs are common fault‑tolerant design
strategies in subsea robotics. For example, a manipulator may have two independent hydraulic circuits so
that a leak in one does not disable the entire arm. Detecting faults early is essential, yet the high‑pressure
environment complicates diagnostics because failure modes can be abrupt and catastrophic.

Redundancy Management – The logic that decides how to switch between primary and backup components
when a fault is detected. In a multi‑sensor fusion architecture, the system may discard a faulty pressure
sensor and rely on a secondary one while re‑weighting the remaining data. Designing robust redundancy
management requires thorough failure mode analysis and extensive testing under simulated fault
conditions.

Machine Learning (ML) – A set of algorithms that enable computers to learn patterns from data. In subsea
robotics, ML is applied to tasks such as object detection in sonar images, anomaly detection in sensor
streams, and predictive maintenance of hydraulic systems. A convolutional neural network (CNN) trained on
annotated side‑scan sonar mosaics can identify pipelines with high accuracy. Challenges include the scarcity
of labeled underwater data, the need for models that can run on low‑power hardware, and ensuring that
learning‑based decisions remain interpretable for safety‑critical missions.

Deep Learning – A subset of ML that uses multilayer neural networks to automatically extract hierarchical
features. Deep learning models have shown remarkable performance in visual perception, even in low‑light
or murky underwater conditions when combined with illumination sources. For instance, a recurrent neural
network (RNN) can predict the future trajectory of a drifting object based on past acoustic measurements.
Training deep networks typically requires large datasets and GPU resources, which are not available on
board; therefore, models are often trained offline and then compressed for inference.
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Transfer Learning – The technique of adapting a pre‑trained model to a new but related task, reducing the
amount of data needed for fine‑tuning. A model trained on terrestrial images can be fine‑tuned on a small
set of underwater pictures to improve detection of marine debris. Transfer learning accelerates development
cycles, but domain shift between training and deployment environments can still cause performance
degradation if not carefully managed.

Sim‑to‑Real Transfer – The process of moving policies or perception models trained in simulation to
physical hardware. In subsea robotics, high‑fidelity simulators replicate hydrodynamic forces, sensor noise,
and communication delays, allowing developers to train reinforcement learning agents safely. The “reality
gap” arises because simulated environments cannot capture every nuance of real ocean conditions, leading
to suboptimal behavior when the policy is deployed. Techniques such as domain randomization and online
adaptation help bridge this gap.

Reinforcement Learning (RL) – A learning paradigm where an agent interacts with an environment, receiving
rewards for actions that achieve desired outcomes. RL can be used to teach an AUV to navigate complex
underwater caves by rewarding successful passage and penalizing collisions. Designing appropriate reward
functions is critical; overly simplistic rewards may lead to unintended behaviors, while sparse rewards can
make learning inefficient. Moreover, exploration in the real ocean is risky, so most RL training is performed
in simulation before transferring policies to hardware.

Digital Twin – A virtual replica of a physical robot that runs in parallel with the real system, exchanging data
in real time. The digital twin can be used for health monitoring, predictive maintenance, and what‑if
analysis. For a subsea ROV, the twin might simulate hydraulic pressure dynamics to predict impending leaks.
Maintaining synchronization between the twin and the actual robot requires reliable data links and accurate
models, which can be difficult when communication is intermittent.

Human‑Robot Interaction (HRI) – The study of how humans and robots communicate and collaborate. In
subsea operations, HRI often involves teleoperation over low‑bandwidth acoustic links, where operators
must make decisions with limited situational awareness. Haptic feedback devices can convey force
information from a manipulator back to the operator, enhancing precision. Designing intuitive interfaces
that convey essential information without overwhelming the operator is a persistent challenge.

Teleoperation – Remote control of a robot by a human operator. Subsea teleoperation typically uses a
surface vessel as a command hub, transmitting joystick inputs via acoustic modems to an ROV. Latency can
range from a few seconds to tens of seconds, requiring predictive displays and shared‑control schemes that
blend operator intent with autonomous assistance. The operator must also manage the risk of losing
control if the communication link fails, emphasizing the need for safe‑fail modes.

Shared‑Control – A control strategy that combines human input with autonomous assistance to achieve
better performance than either could alone. For example, an operator may provide a coarse trajectory for a
manipulator, while the robot autonomously refines the motion to avoid collisions and compensate for
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currents. Implementing shared‑control demands reliable intent detection, smooth blending of commands,
and clear feedback to the operator to avoid confusion.

Swarm Robotics – The coordination of multiple simple robots to achieve complex tasks through local
interactions. In subsea contexts, a swarm of small AUVs can collectively map a large area more quickly than
a single vehicle. Swarm algorithms rely on decentralized communication, often using acoustic broadcast
messages. Designing robust swarm behaviors is difficult because acoustic channels are unreliable, and
individual nodes have limited sensing and processing capabilities.

Cooperative Localization – The process by which multiple robots share information to improve their
individual position estimates. By exchanging acoustic ranging data, a group of AUVs can reduce the
uncertainty of each member’s pose. Cooperative localization can enable formation keeping for inspection
missions where several vehicles need to maintain a specific geometry around a structure. The main
challenge is synchronizing measurements across nodes with variable communication delays.

Formation Control – The regulation of relative positions and orientations among multiple robots to
maintain a desired geometric pattern. Formation control is useful for tasks such as synchronized sonar
sweeps or multi‑camera imaging of a subsea asset. Controllers often use consensus algorithms that
converge to a common reference. Maintaining formation in the presence of ocean currents and uneven
terrain requires robust disturbance rejection and adaptive reconfiguration.

Acoustic Modem – A communication device that transmits data using sound waves, the primary means of
underwater networking. Bandwidth is limited (typically a few kilobits per second), and latency is dictated by
the speed of sound in water (~1500 m/s). Acoustic modems are used for sending commands, telemetry, and
sensor data between surface ships and underwater platforms. Designing protocols that tolerate high packet
loss and variable latency is essential for reliable operation.

Latency – The delay between sending a command and receiving its effect or acknowledgment. In subsea
missions, latency can be significant due to the long distances sound must travel. For a robot at 2000 m
depth, a round‑trip acoustic signal can take over two seconds. High latency complicates teleoperation,
making it necessary to incorporate predictive displays and autonomous safety layers that can act without
waiting for operator input.

Bandwidth – The maximum data rate that a communication channel can support. Acoustic channels have
low bandwidth compared to terrestrial wireless links, limiting the amount of high‑resolution imagery that
can be transmitted in real time. Engineers often compress sensor data, use event‑driven transmission, or
store large datasets onboard for later retrieval. Balancing the need for timely information with bandwidth
constraints is a constant design trade‑off.

Data Fusion – The process of combining measurements from multiple sensors to produce a more accurate
and reliable estimate of a variable. In subsea robotics, data fusion may merge IMU readings, pressure depth,
and Doppler velocity logs to estimate vehicle velocity. Kalman filters and particle filters are common fusion
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techniques. The difficulty lies in modeling the noise characteristics of each sensor accurately and handling
asynchronous data streams.

Kalman Filter – An optimal recursive estimator for linear systems with Gaussian noise. It predicts the next
state based on a motion model and updates the prediction using sensor measurements. Extended Kalman
Filters (EKF) handle non‑linear dynamics such as those found in underwater vehicle motion. Implementation
must consider the computational load and numerical stability, especially when dealing with large state
vectors that include hydrodynamic parameters.

Particle Filter – A non‑parametric Bayesian estimator that represents the probability distribution of a state
using a set of random samples, or particles. Particle filters are useful for highly non‑linear and multimodal
problems, such as tracking an AUV that may be under the influence of unknown currents. They require a
large number of particles to achieve accuracy, which can be computationally intensive for onboard
processors.

State Estimation – The determination of a robot’s full set of variables (position, velocity, orientation, etc.)
Based on sensor data and models. Accurate state estimation is a prerequisite for effective control and
navigation. Subsea vehicles often rely on a combination of dead‑reckoning, acoustic positioning, and sensor
fusion to maintain a reliable estimate. Errors in state estimation propagate to higher‑level functions like
path planning, potentially leading to mission failure.

Hydrophone – An underwater microphone that detects acoustic signals. Hydrophones are used for passive
sonar, acoustic communication, and environmental monitoring. An array of hydrophones can perform
beamforming to localize sound sources such as marine mammals or leaking pipelines. Calibration of
hydrophone sensitivity and compensating for ambient noise are essential tasks to achieve reliable detection.

Sonar – A technique that uses sound propagation to detect objects and map environments. Types include
multibeam, side‑scan, and forward‑looking imaging sonar. Sonar is the primary perception modality for
deep‑water robots where optical visibility is limited. Sonar images often contain speckle noise, requiring
specialized processing algorithms to extract meaningful features. Designing sonar systems involves
trade‑offs between range, resolution, and power consumption.

Multibeam Echo‑Sounder – A sonar system that emits multiple beams to cover a swath of the seabed,
producing high‑resolution bathymetric maps. Multibeam data are valuable for navigation, obstacle
avoidance, and scientific surveys. The processing pipeline includes beamforming, time‑of‑flight correction,
and georeferencing. Environmental factors such as water column sound speed gradients can distort
measurements, necessitating real‑time sound‑speed profiling.

Side‑Scan Sonar – A sonar that sweeps a fan‑shaped beam perpendicular to the vehicle’s path, producing
detailed images of the seafloor. Side‑scan is commonly used for detecting wrecks, cables, and other
features. The resulting mosaics can be large (gigabytes), posing storage and transmission challenges.
Interpretation of side‑scan imagery requires expertise, and automated detection algorithms are still an

Read online: https://certificates.gsbf.co.uk/guides/5177275/robotics-
and-autonomous-systems

Greenwich School of Business and Finance · 01 Jul 2026



G U I D E

active research area.

Forward‑Looking Imaging Sonar (FLIR) – A sonar that provides high‑resolution images directly ahead of the
vehicle, enabling obstacle detection and navigation in murky water. FLIR data can be processed similarly to
optical images, using edge detection and segmentation techniques. The limited field of view and relatively
low frame rate demand careful integration with other sensors for robust perception.

Acoustic Shadow – An area behind an object where sonar signals are blocked, creating a region of reduced
acoustic return. Acoustic shadows can be exploited to infer object shape and size, but they also hide
hazards from detection. Understanding shadow formation is important for interpreting sonar images and
for planning safe trajectories around large structures.

Pressure Vessel – A sealed container designed to withstand external hydrostatic pressure at depth. Subsea
robots are built within pressure vessels to protect electronics and batteries. Material selection (titanium,
stainless steel, composites) balances strength, corrosion resistance, and weight. Designing penetrators and
feed‑throughs that maintain seal integrity while allowing power and data transmission is a critical
engineering task.

Battery Management System (BMS) – The electronic system that monitors and controls battery charging,
discharging, temperature, and health. In subsea AUVs, lithium‑ion batteries are common for their high
energy density, but they require careful thermal management to avoid overheating. The BMS must operate
reliably under high pressure and limited cooling, and it often includes safety features such as over‑voltage
protection and fault detection.

Power Conditioning – The process of converting raw battery voltage to regulated levels required by various
subsystems (motors, sensors, processors). Power conditioning may involve DC‑DC converters, filters, and
surge protectors. Efficiency is crucial because every watt saved extends mission endurance. Designing
converters that operate efficiently across a wide temperature range and under pressure adds complexity.

Hydraulic Power Unit (HPU) – A system that supplies pressurized fluid to drive hydraulic actuators. HPUs
typically consist of a pump, accumulator, filter, and pressure regulator. In subsea manipulators, the HPU
may be located on the surface vessel, with hydraulic lines extending to the robot, or it may be integrated on
board for fully autonomous platforms. Maintaining fluid cleanliness and preventing leaks are essential to
ensure reliable operation.

Accumulator – A storage device for hydraulic energy, often a gas‑charged bladder that smooths pressure
fluctuations and provides quick bursts of power. Accumulators enable manipulator arms to perform rapid
motions without over‑loading the pump. The sizing of an accumulator must consider the expected duty
cycle and the operating pressure range.

Thruster – A propulsion device that generates thrust by moving fluid, commonly using electric motors
driving propellers or pump‑jet systems. Thrusters provide the primary means of maneuvering AUVs and
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ROVs. Selection criteria include thrust‑to‑weight ratio, efficiency, noise signature, and resistance to fouling.
Controlling multiple thrusters in a coordinated fashion requires precise allocation algorithms to achieve
desired surge, sway, and yaw motions.

Control Allocation – The process of distributing desired forces and moments among available actuators
(thrusters) while respecting individual limits. For a vehicle with four thrusters, the allocation matrix maps the
high‑level control commands to individual thruster speeds. The problem becomes under‑determined when
there are more actuators than control degrees of freedom, allowing optimization for energy efficiency or
redundancy.

Dynamic Positioning (DP) – A system that automatically maintains a vessel’s position and heading using
thrusters, based on real‑time feedback from position sensors. In subsea operations, DP enables a surface
ship to hold steady while deploying ROVs or performing drilling. DP controllers must compensate for wave,
wind, and current disturbances, often using feed‑forward models and robust feedback loops.

Environmental Monitoring – The collection of data about oceanographic conditions such as temperature,
salinity, currents, and turbidity. Subsea robots equipped with CTD (Conductivity‑Temperature‑Depth)
sensors can profile the water column, providing valuable context for navigation and mission planning.
Accurate environmental data improve hydrodynamic models and can be used to predict sensor
performance.

CTD Sensor – An instrument that measures conductivity (from which salinity is derived), temperature, and
depth. CTD data are crucial for calculating sound‑speed profiles, which affect acoustic ranging accuracy.
CTD sensors are typically placed near the robot’s hull to capture the immediate surrounding water
properties. Calibration drift and bio‑fouling are common maintenance concerns.

Corrosion Resistance – The ability of materials to withstand degradation caused by seawater chemistry.
Subsea components are often fabricated from stainless steel, titanium, or specially coated composites.
Selecting appropriate materials and applying protective coatings (e.G., Epoxy, anodization) extends service
life. Regular inspection and maintenance schedules are required to detect early signs of corrosion.

Bio‑Fouling – The accumulation of marine organisms on surfaces, which can degrade sensor performance
and increase drag. Anti‑fouling paints, copper‑based coatings, and periodic cleaning are mitigation
strategies. Designing smooth, low‑energy surfaces helps reduce fouling, but complete elimination is rarely
achievable over long deployments.

Mission Planning – The process of defining objectives, selecting routes, allocating resources, and scheduling
tasks for a subsea operation. Mission planning software often integrates bathymetric maps, environmental
forecasts, and vehicle capabilities to generate feasible mission profiles. Planners must consider risk factors
such as weather windows, communication availability, and equipment redundancy.

Risk Assessment – The systematic evaluation of potential hazards and their likelihood, followed by the
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development of mitigation measures. In subsea robotics, risks include equipment loss, collision with
infrastructure, and operator fatigue. Quantitative risk analysis may use fault tree or event‑sequence
methods to prioritize mitigation efforts.

Regulatory Compliance – Adherence to standards and guidelines established by maritime authorities,
classification societies, and industry bodies. Examples include DNV‑GL standards for offshore equipment,
IEC 60945 for marine electronics, and ISO 14001 for environmental management. Compliance ensures
safety, legal operation, and acceptance by stakeholders.

Software Architecture – The high‑level organization of software components, their interactions, and data
flows. A modular architecture separates perception, decision‑making, and actuation layers, facilitating
testing and reuse. In subsea robotics, the architecture must support fault isolation, real‑time constraints,
and graceful degradation when communication is lost.

Real‑Time Operating System (RTOS) – An operating system that guarantees deterministic task execution
within specified time bounds. RTOS kernels such as VxWorks or QNX are often employed in safety‑critical
subsea controllers to ensure that control loops meet strict timing requirements. Selecting an RTOS involves
evaluating latency, memory footprint, and certification support.

Middleware – Software that abstracts hardware details and provides common services such as messaging,
logging, and device discovery. ROS 2, for example, offers DDS‑based communication suitable for distributed
underwater networks. Middleware must be robust to intermittent connectivity and capable of handling
bandwidth constraints without overwhelming the network.

Simulation Environment – A virtual platform that replicates the physical world for testing algorithms before
deployment. Tools such as Gazebo, UUV Simulator, and ANSYS Fluent allow engineers to model
hydrodynamics, sensor noise, and communication delays. High‑fidelity simulations reduce the need for
costly sea trials but require careful validation against real‑world data.

Hardware‑in‑the‑Loop (HIL) – A testing technique where actual hardware components are integrated into a
simulated environment, enabling verification of control software under realistic conditions. HIL testing of a
manipulator’s controller can reveal issues related to actuator latency or sensor quantization before field
deployment. The setup demands synchronization between simulation time and hardware response.

Calibration – The process of adjusting sensor outputs to match known reference values. Calibration
procedures for pressure sensors, IMUs, and acoustic transducers are essential to maintain accuracy. In situ
calibration may be performed using a reference depth gauge or a known acoustic target. Calibration drift
over time necessitates periodic re‑verification.

Verification and Validation (V&V) – Systematic activities to ensure that a robot meets its design
specifications (verification) and fulfills its intended purpose (validation). V&V includes unit testing,
integration testing, field trials, and performance benchmarking. Documentation of V&V results is often
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required for certification and stakeholder confidence.

Payload – The equipment carried by a robot that performs the primary mission, such as cameras, sampling
devices, or inspection tools. Payload design must consider weight, volume, power consumption, and
interface compatibility with the host platform. Balancing payload capability with vehicle endurance is a
central design trade‑off.

Gripper – An end‑effector designed to grasp, hold, or manipulate objects. In subsea manipulators, grippers
may be mechanically simple (parallel jaws) or more sophisticated (soft‑fingered, adaptive). Gripper force
control is complicated by the compressibility of hydraulic fluid and the need to compensate for external
loads from currents. Force‑feedback sensors can improve grasp reliability but add complexity to the sealing
design.

Tool Changing – The ability of a robot to swap one end‑effector for another during a mission, increasing
versatility. Automated tool changers on ROVs enable rapid transitions between inspection cameras,
sampling devices, and cutting tools. Designing a reliable tool‑changing mechanism under high pressure and
limited space poses mechanical and control challenges.

Visual Servoing – A control technique that uses visual information to guide robot motion. Image‑based
visual servoing (IBVS) computes control commands directly from image features, while position‑based
visual servoing (PBVS) reconstructs 3D pose first. Underwater visual servoing must cope with low light,
scattering, and color distortion, often requiring active illumination and robust feature tracking.

Acoustic Imaging – The generation of visual‑like representations from sonar data. Acoustic imaging can be
used for obstacle detection, terrain mapping, and object recognition. Processing steps include
beamforming, range compression, and speckle reduction. Real‑time acoustic imaging demands efficient
algorithms that can run on embedded processors.

Obstacle Avoidance – The capability of a robot to detect and maneuver around hazards. Subsea obstacle
avoidance typically relies on forward‑looking sonar, ultrasonic sensors, and sometimes vision. Reactive
methods such as potential fields or dynamic window approaches generate avoidance commands on the fly,
while deliberative methods integrate obstacle data into higher‑level planners. The unpredictability of marine
life and the presence of moving debris increase the complexity of avoidance strategies.

Collision Detection – The identification of contact or imminent contact between the robot and an external
object. In manipulators, force/torque sensors can detect contact forces, triggering compliance control to
prevent damage. For mobile platforms, sonar returns that exceed a threshold may indicate an impending
collision. Accurate detection requires careful sensor placement and noise filtering.

Compliance Control – A control mode that allows a robot to yield to external forces, improving safety when
interacting with uncertain environments. Impedance control is a common compliance strategy, where the
robot emulates a virtual spring‑damper system. Implementing compliance in hydraulic manipulators

Read online: https://certificates.gsbf.co.uk/guides/5177275/robotics-
and-autonomous-systems

Greenwich School of Business and Finance · 01 Jul 2026



G U I D E

demands precise pressure regulation and fast feedback loops to achieve the desired softness.

Impedance Control – A method of regulating the dynamic relationship between force and motion,
effectively shaping the robot’s mechanical impedance. In subsea tasks such as pipe fitting, impedance
control enables the manipulator to apply a controlled insertion force while accommodating slight
misalignments. The control law must account for the fluid dynamics of the surrounding water, which can
dampen motion and affect force perception.

Force Feedback – The provision of tactile information to an operator or control system, often through haptic
devices or sensor data. Force feedback improves teleoperation precision by allowing the operator to feel
resistance when the manipulator contacts a surface. Implementing high‑fidelity force feedback underwater
requires low‑latency communication and well‑tuned force sensors that remain calibrated under pressure.

Trajectory Tracking – The ability of a robot to follow a pre‑defined path with minimal deviation. Tracking
performance is assessed using metrics such as root‑mean‑square error (RMSE) and maximum deviation. In
subsea applications, disturbances from currents and sensor noise can cause tracking errors, so controllers
must incorporate disturbance observers or feed‑forward compensation.

Disturbance Observer – An estimator that infers external forces acting on a robot by comparing expected
and measured dynamics. The observer can be used to cancel disturbances, improving tracking accuracy. For
an AUV, a disturbance observer might estimate the effect of a cross‑current and adjust thruster commands
accordingly. Designing observers that remain stable under model uncertainties is a key research area.

Energy Harvesting – Techniques for extracting power from the environment to extend mission duration. In
subsea robotics, energy can be harvested from wave motion, tidal currents, or temperature gradients
(thermoelectric generators). Incorporating harvesting systems adds complexity and weight, and the
harvested power is often intermittent, requiring intelligent power management strategies.

Autonomous Decision‑Making – The capability of a robot to select actions without human input, based on
perception, mission goals, and constraints. Decision‑making modules may employ rule‑based systems,
planning algorithms, or learning‑based policies. An autonomous inspection robot might decide to pause
and collect additional data when it detects an anomaly. Ensuring that autonomous decisions remain
explainable and safe is critical for acceptance.

Explainable AI (XAI) – Methods that make the reasoning of machine‑learning models transparent to
humans. In safety‑critical subsea missions, operators need to understand why a neural network classified an
object as a pipeline anomaly. Techniques such as saliency maps or rule extraction can provide insights, but
integrating XAI into real‑time systems requires efficient implementations.

Safety‑Critical System – A system whose failure could result in loss of life, environmental damage, or
significant financial loss. Subsea robots operating near oil‑and‑gas infrastructure are safety‑critical,
demanding rigorous design, testing, and certification. Redundancy, fault detection, and fail‑safe modes are
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essential components of a safety‑critical architecture.

Fail‑Safe Mode – A predefined state that a robot adopts when a fault is detected, ensuring that it does not
cause further harm. For an ROV, a fail‑safe mode might involve surfacing to the surface vessel or holding
position while awaiting recovery. Designing graceful degradation pathways requires anticipating failure
scenarios and defining appropriate responses.

Certification – The formal process by which a regulatory body verifies that a product meets applicable
standards. Subsea equipment may need certification from classification societies (e.G., ABS, DNV) for
pressure vessels, electrical safety, and environmental impact. Achieving certification involves
documentation, testing, and often third‑party audits.

Life‑Cycle Management – The set of activities that govern a robot from concept through operation,
maintenance, and decommissioning. Effective life‑cycle management includes tracking component wear,
scheduling preventive maintenance, and planning for end‑of‑life disposal or recycling. Data collected
throughout the life‑cycle can feed back into design improvements for future generations.

Predictive Maintenance – The use of sensor data and analytics to anticipate equipment failures before they
occur. Vibration analysis of hydraulic pumps, temperature monitoring of batteries, and pressure trend
analysis can indicate impending issues. Machine‑learning models trained on historical failure data can
improve prediction accuracy, allowing maintenance to be scheduled during planned downtime rather than
reacting to unexpected breakdowns.

Condition Monitoring – Continuous observation of system health parameters to detect deviations from
normal operation. In subsea robots, condition monitoring may involve checking hydraulic pressure stability,
motor current signatures, and sensor drift. Alerts generated by condition‑monitoring systems enable
operators to intervene early, reducing the risk of catastrophic failure.
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