CAREERS THROUGH MATHS: ROBOTICS ENGINEER
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JOB DESCRIPTION

A Robotics Engineer in the UK designs, builds, programmes, and tests robotic
systems for a diverse range of applications, from advanced manufacturing and
logistics to healthcare and autonomous vehicles. Their daily responsibilities are
deeply interdisciplinary, involving mechanical design, electronic systems
integration, and sophisticated software development. A typical day might involve
using computer-aided design (CAD) software to model a robotic arm's components,
writing and debugging control algorithms in C++ or Python, simulating a robot's
performance in a virtual environment, and collaborating with a multidisciplinary
team of engineers to troubleshoot hardware-software integration issues on the factory
floor of a company like Jaguar Land Rover or Ocado Technology.

The work environment is highly varied. Many Robotics Engineers are based in
research and development laboratories, such as those within the UK’s Catapult
centres (e.g., the High Value Manufacturing Catapult) or at leading universities.
Others work directly on production lines in the automotive or aerospace sectors,
ensuring robotic assembly cells operate at peak efficiency. A significant and growing
number also work in office settings for tech firms, developing software for
autonomous systems or robotic process automation.

Mathematics is the fundamental language underpinning every aspect of this role. It is
not merely a tool but the core framework for conceptualising, analysing, and solving
the complex problems inherent in robotics. From calculating the forces and torques a
joint must withstand to determining the optimal path for a robot to navigate a



cluttered warehouse, mathematical principles are applied constantly. For instance,
ensuring a surgical robot like those developed by CMR Surgical moves with sub-
millimetre precision is a direct application of advanced kinematics and control theory.

HOW MATHEMATICS IS USED

* Kinematics and Dynamics: This is the primary mathematical area for describing
motion. Kinematics deals with motion without considering forces, using
trigonometry and linear algebra to calculate the position, velocity, and
acceleration of a robot's end-effector (e.g., a gripper or welder) based on its joint
angles. For example, an engineer at Dyson would use forward kinematics to
model where a vacuuming robot's arm will be. Dynamics incorporates forces
and torques using calculus and Newtonian mechanics. This is crucial for
simulating how a heavy-duty robotic arm in an Airbus wing assembly plant will
move under load, ensuring motors are correctly sized and movements are stable
and efficient.

Control Theory: This secondary area uses differential equations and linear
algebra to design feedback systems that make a robot behave desirably. A PID
(Proportional-Integral-Derivative) controller, a fundamental algorithm, uses
calculus (derivatives and integrals) to minimise the error between a robot's
actual position and its desired position. This is applied in autonomous guided
vehicles (AGVs) at UK distribution centres for Ocado, ensuring they follow their
paths accurately and stop precisely at picking stations without overshooting or
oscillating.

Geometry and Linear Algebra: Matrices and vectors are indispensable for
representing and transforming the positions and orientations of objects in 3D
space. This is essential for computer vision systems, where a robot must identify
an object's location from a 2D camera image and translate that into 3D
coordinates for picking. A Robotics Engineer at Amazon's UK fulfilment centres
uses homogenous transformation matrices to define the relationship between the
robot's base, its camera, and a target parcel, enabling accurate grasping.

* Calculus and Differential Equations: Calculus is used extensively for modelling
continuous change. Optimising a robot's trajectory often involves calculating the
derivative of its position to find velocity and acceleration profiles that are smooth



and energy-efficient. Solving differential equations is key to modelling system
behaviour, such as predicting how the motor of an autonomous underwater
vehicle (AUV) used for North Sea infrastructure inspection will respond to an
electrical input and water currents.

* Statistical and Analytical Methods: Robotics engineers rely heavily on
probability, statistics, and data analysis for modern applications like machine
learning and localisation. Algorithms such as Kalman Filters use probability
theory to fuse data from noisy sensors (e.g., lidar, IMUs) to accurately estimate a
robot's state (its position and orientation). For a self-driving car project in the UK,
like those supported by Oxbotica, engineers analyse vast datasets of driving
scenarios to train perception models, requiring a strong grasp of statistical
inference and regression analysis to ensure the vehicle's decisions are safe and
reliable.

KEY SKILLS & TOOLS

Skill/Tool ABpplication

The de facto standard middleware in robotics R&D. UK engineers

use ROS to manage communication between nodes (e.g., a sensor

ROS (Robot .
. node and a motor control node) and to leverage pre-built
Operating System) . . . . .
algorithms for navigation and manipulation, all of which rely on the
mathematical frameworks described above.
Used for rapid prototyping, simulation, and control system design.
An engineer might use MATLAB's Control System Toolbox to
MATLAB & ) . .
Simulink design and tune a PID controller mathematically before deploying
imulin
it to a physical robot on a production line for a company like Rolls-
Royce.
The leading language for data analysis, machine learning, and
Python (with scripting in robotics. Used to process sensor data logs, perform
NumPy, SciPy, statistical analysis on robot performance metrics, and implement
Pandas) machine learning models for computer vision tasks in UK tech

startups.



The primary language for performance-critical software
components where low latency is essential, such as real-time

C++ control loops and processing point cloud data from lidar sensors.
This is crucial for meeting the hard real-time mathematical
calculations needed in automotive applications.

CAD software used for mechanical design. Engineers perform
SolidWorks/ mathematical calculations within these tools for stress analysis
AutoCAD (Finite Element Analysis) and to ensure components fit and move

within specified tolerances, adhering to UK and ISO standards.

The ability to clearly present complex mathematical findings,

Technical Report simulation results, and project progress to technical and non-
Writing & technical stakeholders is vital. This is key for securing funding,
Presentations guiding management decisions, and collaborating within UK-based

cross-functional teams.

Methodologies used in UK manufacturing to ensure quality and

Six Sigma & reduce variance. Robotics engineers use statistical tools like control
Statistical Process charts to monitor a robot's repeatability and accuracy over
Control (SPC) thousands of cycles, ensuring production quality remains within

mathematically defined limits.

Typical Pathway: The most common route begins with strong GCSEs and A-levels
(or Scottish Highers) in Mathematics and Physics, often supplemented by Further
Mathematics. Entry to the profession is typically via a relevant accredited bachelor’s
degree (BEng) or an integrated master’s degree (MEng) in Robotics, Mechatronics,
Electronic Engineering, or Computer Science from a UK institution such as the
University of Sheffield, Imperial College London, or the University of Edinburgh.
Many graduates enhance their prospects through a specialised MSc in Robotics.
Entry-level positions, such as Graduate Robotics Engineer, are found in automotive,
aerospace, and FMCG (Fast-Moving Consumer Goods) companies. Career
progression can lead to senior engineer, lead architect, or project manager roles.
Pursuing Chartered Engineer (CEng) status through the Institution of Engineering
and Technology (IET) is highly regarded and demonstrates a proven ability to apply
advanced engineering knowledge, including complex mathematics, to real-world
problems.

Industry Demand: Demand for Robotics Engineers in the UK is strong and growing,
driven by Industry 4.0 initiatives, the need for automation to improve productivity,
and advancements in Al. The UK government’s Industrial Strategy highlights robotics



and Al as key sectors for growth. According to the Office for National Statistics, roles
in engineering and tech are consistently in high demand, with robotics skills being
particularly sought after in advanced manufacturing hubs in the Midlands and the
North of England.

Real-World Impact: Robotics Engineers are at the forefront of solving some of the
UK's biggest industrial and societal challenges. They develop systems that improve
safety, such as robots that inspect hazardous offshore energy infrastructure. They
enhance productivity in UK manufacturing, helping companies compete globally.
They also create life-changing medical devices, like the surgical robots from CMR
Surgical in Cambridge, which enable less invasive procedures and faster patient
recovery times. Their mathematical work directly contributes to economic growth,
job creation in high-tech sectors, and maintaining the UK's position as a leader in
innovation.
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