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Introduction to SEARCH

Fully automated robotic welding with integrated NDT for 

complex multipass welds in high integrity materials

Flexible robotics inspection for composites at AFRC with high speed 

ultrasonic NDT – up to 40 m2 / hour rate

• More demand from robotic systems to 

perform in-loop adaptive behaviour.

• Industry 4.0 requires data driven approaches 

for manufacturing and asset management. 

• Multiple types of sensors required for robot 

feedback and control. 

• New approach required to integrate robotics and 

sensing (encoding the human perception of 

“sense and response” into measurement 

processes).
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Centre for Ultrasonic Engineering (CUE):

• >30 years of knowledge and history in the field.

• 13 academics and more than 100 staff.

• Founding member of Research Centre in Non-Destructive 

Evaluation (RCNDE UK)

Research themes:

• Sensing: Advanced NDE sensor development.

• Sensor Delivery: Leveraging state of the art robotics.

• Data Interpretation: Automating data analysis 
workflows.

Our Team & Research Focus



X
 
 
 
T

H
E

 
U

N
I
V

E
R

S
I
T

Y
 
O

F
 
S

T
R

A
T

H
C

L
Y

D
E

• Lack of research

• Uncontrolled resin flow

• Lower pressures

• Use of dry fabrics

• Infusion with resin

• Curing done out-of-

autoclave (OoA)

• Sustainable and affordable

Alternative:

• Preformed prepregs

• Curing in autoclaves

• Controlled resin and 

fibre content

[1]

[2]

Russia’s Aero Composite and 

Boeing reported a 20-40% 

price reduction by using OoA 

processes [3]

Current method:

• Complex infrastructure

• Energy-consuming

• Limited part complexity

Towards Out-of-Autoclave
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Transmitter

Resin front 

Guided wave

Fibre plies

Receiver

Amplitude drop 

due to energy 

leakage

Energy 

leakage
Propagating 

medium

Mould cavity 

A0 A0S0 S0

Ultrasonic Guided Waves
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Methodology:

• Simple infusion setup

• Hand pump used to advance the fluid

• Measurements taken by DAQ every second

• Remove oil using a vacuum pump and 

catch-pot

Experimental parameters:

• 500kHz single element Sonatest ultrasonic piezoelectric 

sensors.

• Tx: 60V 5-cycle square pulse train

• Gain: 52dB, fixed

• Temporal range: 80µs

• Sampling frequency: 12.5MHz

• No of samples: 1000

Catch-pot 

Hand 

pump

Infusion mould

500kHz  

transducers

Vacuum pump 

Camera
DSL 

FIToolbox 

DAQ and 

workstation

Experimental Setup
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S2Sensor 1 (S1)

Energy of the waveforms 

drops as fluid advances

S3

3x >> 

Data Acquisition
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3x >> 
Disadvantages:

• Longer infusion time.

• More difficult to clean.

• More pumping pressure needed.

• More difficult to label data using 

Machine Vision.
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Comparison to liquid only:

• Waveform behaviour is not significantly 

affected by the presence of the plies.

• Differences mainly present due to improper 

liquid pumping into the mould. 

Experimental Setup (Why liquid only?)
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S1

S3

S2

Sensor placement

• Piecewise function fits the energy drop well.

• Determined three models and predicted 

flow position using three sensors.

• Front position is reconstructed using 

approximation from each path.

• Different factors influence each path → sources of 

error.

• Each model is tailored to return minimum error. 
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Propagation 

paths

MAE 

(mm)

Max 

Error 

(mm)

R2 (-)

1-2 11.8 38.3 0.97

1-3 26.9 62.8 0.80

3-2 22.0 62.2 0.91

Fluid Front Position Approximation
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Propagation 

paths

MAE 

(mm)

Max 

Error 

(mm)

R2 (-)

1-2 5.7 24.6 0.99

1-3 12.5 37.2 0.99

3-2 10.9 67.94 0.97

Fluid Front Position Approximation

• Experimental data collected is collated for 

machine learning training.

• Input: A-scans and Hilbert envelopes.

• Output: Distance readings.

• One CNN model for all three paths. 
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S2

S3

S1

3x >> 
Statistical model

Machine Learning model

Fluid Front Position Approximation
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Fluid Front Position Approximation

• Full methodology detail for the ML approach and 

improved results → IEEE Xplore.

• Full experimental setup, data acquisition and functional 

approximation model → NDT&E International. 
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Simulation:

• Energy leakage in pure 

fluid.

• MATLAB LiveLink used for 

parametrisation.

• Frequency domain to 

reduce computation time.

500kHz Transmitter

1.6 mm 

Aluminium

Silicone oil 

front

30cm
Receiver

Silicone oil

Piezoelectric element

Matching layer

Propagating medium

Absorbing layer

Physics Module Material Mesh Generator

Piezoelectric 

element

Solid Mechanics; Electrostatics; 

Piezoelectric Effect

PZT-5H Mapped (2D)

Matching 

layer

Solid Mechanics Polymer (𝜌 = 1260 𝑘𝑔/𝑚3; 

𝑐𝑝 = 3000 𝑚/𝑠; 𝑐𝑠 =

2450 𝑚/𝑠)

Mapped (2D)

Propagating 

medium

Solid Mechanics; Pair Acoustic-

Structure Boundary

Aluminium alloy 1100 Free Triangular 

(2D)

Liquid layer Pressure Acoustics, Frequency 

Domain; Pair Acoustic-Structure 

Boundary

Silicone oil Free Triangular 

(2D)

COMSOL Simulation
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Running the simulation:

• 6521 mesh elements (0.66 minimum element quality).

• Ran on CPU (24-core AMD Processor and 128 GB of RAM).

• Under 3 minutes per front location.

• Reduced computation time allows finetune of matching layer 

conditions and damping ratios.

COMSOL Simulation → Results
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Motivation:

• Bridge the gap between experimental and simulated.

• Create synthetic dataset for front position mapping.

• Avoid data bleeding and accurately represent observed 

behaviour.

GAN for Domain Adaptation

Input

+

Distance label

GAN

Generator

(CNN based)

Discriminator

• Transforms input 

signal.

• Incorporates physics-

informed losses.

• Generates synthetic 

A-scan.

• Compares generated 

vs experimental.

• Outputs realism 

score.

Output

+

Distance label

Score above 

threshold

Synthetic Signal

Score below threshold
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GAN Results:

• Signal is successfully reconstructed.

• Variation observed between 

experimental runs is preserved.

• Experimental dataset can be 

augmented using this technique.

GAN for Domain Adaptation
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Resin Front Position Results:

• Experimental and GAN used to predict position of the 

flow front in the infusion mould. 

• A custom CNN is used to obtain the predictions.

• Adding GAN data to a limited training set significantly 

improves prediction results. 

Training Set MAE (mm) Max Error (mm) R2 (-)

Exp 16.69 ± 0.86 86.72 ± 3.61 0.94 ± 0.01

Raw Sim 189.85 ± 19.78 298.53 ± 2.45 -2.50 ± 0.75

cGAN 23.47 ± 8.15 109.11 ± 30.42 0.89 ± 0.07

cGAN + Exp 9.07 ± 1.11 45.42 ± 5.22 0.99 ± 0.01

GAN for Domain Adaptation → Results
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Conclusions:

• Gap between simulated and experimental data can be bridged 

using a custom GAN. 

• 46% reduction in MAE when flow prediction models are 

trained on synthetic + experimental, demonstrating efficient 

data augmentation when experimental data is scarce. 

Future work:

• Include plies, depth of flow and fault detection.

• Measurements at high temperatures.

• Increase number of sensors.  

Concluding Remarks & Future Work
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Thank you Any questions?
https://www.linkedin.com/in/cristian-adrian-calistru/
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