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Real-time process monitoring:
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This research theme focuses on the fundamental
research for real-time monitoring of manufacturing
process with respect to the following 3 aspects:
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Key product:

Our proposed method

Industry engagement:

Real-time, multi-sensor data analysis for industrial process monitoring that is
data-efficient, computationally efficient, capable of identifying critical data streams
as well as being able to perform real-time anomaly detection

Processing of drilling data (Airbus)

Discussion ongoing for link-up with Rolls-Royce (facilitated by
AMRC)

• Deep neural network with only small amount of
industrial data

• Integration of multiple sensors from different
modalities

• Can be easily adapted to different industrial
processes
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● Improving positional accuracy for industrial robots in a cheaper and 
broader manner (solution should be applicable to secondary encoder
robots as well)

● Improvement should be made across working volume

● Drilling use case - improvements hole-to-hole and part-to-part 
(solution should be applicable to both)

● Time taken for feedback loop taken into consideration from a 
monitoring perspective - always limited by the speed of the controller
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● Algorithm should be flexible enough to allow extra input parameters - process forces, 
environmental factors, etc.

● An accurate and repeatable datum still critical - trialled using different datums for drilling process 
and algorithm training data set: algorithm overcorrecting

● Need to identify highly important input parameters from the beginning - irrelevant parameters 
end up ‘confusing’ the algorithm
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Next steps…

● In the process of updating the algorithm and creating a unified framework for datuming

● Use the knowledge from Ze’s work on sensor fusion - identify what’s important, THEN include in 
algorithm

● Close the feedback loop - connectivity enabled, once algorithm is ready, the feedback loop can 
be closed
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Airbus Axon Aviation GN Bullen

Funded by Airbus and EPSRC
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● Off-the-shelf, the accuracy of a mobile
manipulator is of the order of a few
millimetres, as shown by the experimental
results in the graph

● This would not be suitable for most industrial
processes

● For this reason, sensor feedback would be
required to improve the precision of the
robot

● Machine vision feedback works well in many
cases, but suffer from high additional costs
and reprogramming efforts

Use case: accurate
pick-and-place
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● A readily available source of feedback in most
collaborative robots is the force-torque sensor

● On the other hand, most jigs, assemblies or machines
have certain mechanical features that can be exploited to
constrain the degrees of freedom of the parts

● Using these two factors, by gently applying force to the
components and fixing them to specific mechanical
features, we can reduce uncertainty during operations
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• Experiments confirmed that the approach provides an
order of magnitude accuracy improvement

• Ongoing work to standardise the procedures and the
design of the locating fixtures

Markers

Laser
tracker

Enhanced pick-and-
place logistics

Assist jig and
fixture setups

Enhance positioning
of large object

Making mobile manipulators:
More accurate
More flexible
Lower cost
Easier to deploy

Applications:Key product:
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Non-contact Gap Detection

Mating surface of two non-ideal components

Objective Action/Intervention
Cost

Reduction
Intervention
Opportunity

In-process Detection
Required?

Ensure intimate contact between
assembly parts (gap <0.3mm)
despite variations in the
condition of supply

● Through-skin gap detection after join-up
Cost of
non-
quality

Modify clamping
map to eliminate
gaps

● No for 3D scan
● Yes for through-skin scan

Through-skin gap detection

Current focus is on millimetre-wave (MMW) sensor for detecting
interlayer gaps. Exploratory testing has yielded promising results.

We are setting up through-skin gap detection proof-of-principle
experiments. The priority is to characterise MMW sensing capability
and limitations.

Initial Experiment setup

mmWave
Extender
30GHz –
100GHz

mmWave
waveguide

Noise
absorber

Sample

• The variation in the condition of supply requires
new sensing technologies to enable more robust
assembly inspection
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Current Status

• Successful detection of 1 mm gaps between polymer
and aluminium sheets

• Successful detection of surface defect in aluminium (not
through-skin)

Smooth surface
detected

Gap edge
detected

Characterisation tests using MDF,
acrylic, Perspex backed by aluminium
sheets - with and without 1 mm gap

Literature
Our results
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Current Status

• Successful tests of signal
penetration through CFRP

Frequency (GHz add to base value)

• Combining CFRP penetration with detection of surface
defect in aluminium

S12 for CFRP simulation

Next steps

Aided by computational simulation:

Lower frequency penetrates better
Tradeoff – gap resolution ability

Target configuration:

Applications:

Key outputs:

Detection of join-up
imperfections

Guidance in gap closure

One-way Assembly

Wing and fuselage assembly
(Airbus)

Flexible modular assembly of
mechanical/electrical/ pipework
(future link-up with Rolls-Royce
facilitated by AMRC)
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Printing and
Traditional
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Vision-based Monitoring and Control of Extrusion 3D
Printing
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Vision-based Monitoring and Optimisation of Traditional
Manufacturing
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● At factory level, allow for process planning and decision making in a 

dynamic environment - how can decisions be automated when volume

changes, machines are down for maintenance, workers are off, etc

● Algorithm developed in a ‘off-the-shelf’ discrete event simulation software 

- Anylogic

● Algorithm should be able to always provide the optimal solution in terms of 

task planning - reinforcement learning employed

● Algorithm should be able to minimise delays and prioritise meeting 

forecasts

● Time taken to arrive at a decision important but application dependent  -

not everything needs to be ‘real-time’

Contextual dynamic task planning/control
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Base Comparison
(50 orders)

2 week optimisation
(+50 orders)

Lathe maintenance
(known event)

Mill breakdown
(unknown event)

Operator variability
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Next steps…

● Running the models and optimisers in the cloud 

● Create a demo of a platform that could be deployed to manufacturers and used by operations managers 
to plan ahead

● Optimisation by AI
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Applications:

Key outputs:

In-process monitoring and guidance of assembly
processes

In-process quality assurance

Wing and fuselage assembly (Airbus)

Flexible modular assembly of mechanical/electrical/ pipework (future link-
up with Rolls-Royce facilitated by AMRC)

Activity started February 2024
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Q&A


