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Context                
&                  

Motivation

Preliminary 
concept 

definition 

Full concept 
definition 

Product 
Realisation

Production In-Service  
support

Detailed Design

Machine Learning (cGAN)
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Conditional 
Generative 
Adversaria l 

Networks (cGAN):

What is a  cGAN

 Neural ne twork used for generating  realistic  text, audio, images or video

 Consists of two neural ne tworks - generator and discriminator

 Training process
1. Train generator and discriminator using  a ‘real’ datase t
2. Generator creates item 
3. Discriminator decides if it is a ‘real’ item, or made by the  generator 
4. Generator and discriminator learn from the  outcome and adjust model

 Eng tool deve loped in MATLAB by the  University of Southampton

 cGANs thus offe r an alte rnative  to expensive  simulations, with a 
prediction accuracy R2 of up to 97%

 The encoded images** produced by 
the  encoder are  fed into the  cGAN

encodings

** The IP described on this slide  is 
protected by patent.
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Parameter Encoded Image 
Input (from test or analysis)

A se t of possible  geometries that fall 
within the  performance  parameter of 
inte rest range  (i.e . Loss Coefficient).

Training

cGAN OutputEncoded Output 
Parameter

Encoded Geometric 
and Variability 
Parameters

Conditional 
Generative 
Adversaria l 
Networks 
(cGAN*):

Benefits over 
conventional 

workflows

* Andy J . Keane and Ivan I. Voutchkov, 
Embedded Parameter Information in 
Conditional Generative  Adversarial 
Networks for Compressor Airfoil 
Design, AIAA, 4 Aug 20 22. 
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Methodology

e
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System prototype 
with in            

Rolls-Royce:
Encoding

 Encoding Images: Method used to embed a se t of specific  input/ output 
parameters chosen by the  user into an image .

 Utilises ‘real’ design images with design parameters to then encode  
these  into the  image  in contrasting  bar charts 

Input 
parameter 
encodings

Original Image Encoded Image
Encoding/ Decoding

Output 
parameter 
encoding
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System prototype 
with in            

Rolls-Royce:
Prediction 
extraction

Trained model

User inputs
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System prototype 
with in            

Rolls-Royce:
Decoding

&
Validation

Example

Validation through CFD
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Use cases:
Fuel Spray Nozzle  

design 

Low Cone Angle

Medium Cone Angle

High Cone Angle
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Use cases:
Multi-stage fan 
design use case
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Use cases:
Cantilever Beam

Example of encoded image

Key challenges:
• Higher-GPU resources
• Scalability (fidelity &dimensionality)
• Configuration (hyperparameters)
• Computational time Vs costs
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Cloud capabilities

Logical flow

2-way connection

Blob Store  

cGAN
Models
training

cGAN  Training area

Data upload

Civil Defence

Legacy design data  
[PL90 0 9.c]

User

GPU/CPU clusters

cGAN  model V&V

Exported 
ML model

Des ign  Requi rements

Project area [> PL9009.c]

Project 
Data

Design Concepts & 
Performance

DevOps Repos

Encoding Decoding

Blob Store
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Cloud capabilities Overall 
Run Time

#  images 
 time/ epoch

Distribution on multi node GPU’s

- At least 1 Order of Magnitude 
reduction in comp time

- Hyperparameters optimisation
- Paralle lisation
- Costs
- Scalability
- Traceability (MLFlow)
- Access Control
- Data [pre / post] processing  automation

Cloud Advantages

Design of Experiment: CPU vs GPU and Desktop vs Cloud
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Cloud Compute 
Strategies 

1. Number of images < .5M

•  Single  Node GPU

2. Number of images > .5M

• Single  Node multiple  GPU 
paralle lization or

• Multi Node cluster for 
Distributed computation

3. Hyperparameter optimisation

• Multi Node cluster for 
Distributed computation

Databricks Single GPU config example
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Results:
Training data  98k 

database

63k 
database

Bin1 example

Bin5 example
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Results:
CPU Vs GPU

Exp#6: CPU

Exp#15: GPU
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Results:
Current 

Challenges & WIP

Discriminator loss

Generator loss
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 Short te rm:
 Continue  investigation and definition of best practices for the  

se tup of se ttings
 Dimensionality limits – shift to fully 3D NN processing

 Longer te rm:
- How to exploit knowledge  from unsuccessful/ unconverged 

simulations
- How to address studies with multiple  (conflicting) objectives and 

design metrics

Future  work

The IP from ongoing 
work is protected by 
patent.
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