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Delivers an interactive tool that empowers Rolls-
Royce engineers to generate and manipulate
synthetic data

Allows Rolls-Royce engineers to generate large
volumes of realistic engine sensor data on demand,
reducing dependency on limited existing datasets
Accelerates the research and development process
by eliminating the time-consuming process of
waiting for or collecting real engine test data
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Background

* Rolls-Royce requires large volumes of engine
sensor data to support research and development

* The Prognostics & Health Management (PHM)
team needs realistic synthetic engine data

Problem Statement
* Engineers lack an accessible tool to generate,
adjust, and interact with synthetic sensor data

Project Goals
* Need to create a machine learning (ML) model
that generates large amounts of realistic, high-
quality synthetic time-series engine data Sensor 1 Sensor 1 | Filter: AIt[20.0£2.0], Mach(0.6040.1]

Deliver an interactive frontend Ul so engineers e - —— " Conclusion o .
can train models, generate data, and visualize - i T » We developed a system that generates realistic synthetic

engine sensor data.
sensor outputs :

 The synthetic data preserves key patterns and
relationships from real engine data.
* Engineers can use the tool to experiment with engine

- scenarios without relying on limited real test data.
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Research

Phase 1: Had four teams' diffusion, transformer, integration, and documentation/validation.
Phase 2: Built on that foundation to implement interpolation, shifting, and propagation so the frontend/UI
team could deliver the final user-facing interface.
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* Data Preparation
Real Rolls-Royce engine sensor data was

cleaned and analyzed to understand patterns

1. Diffusion: Histogram comparing Sensor 1

2. Transformers: Co1np nison of real and

and relationships between sensors.

* Model Development

Two generative models were used:

1. Diffusion Model: Generates data by

gradually removing noise.

2. Transformer Model: Generates sensor
values sequentially based on previous
values.

* Synthetic Data Generation

Models were trained to produce realistic

synthetic engine sensor data.

e Validation

Synthetic data was compared with real data
using distribution plots, correlation analysis,
and PCA visualization.

* Interactive Tool

A frontend interface allows engineers to

upload data, modify sensors, and explore

synthetic datasets.

values from real engine data (blue) and
synthetic data (orange). The overlap shows
how similar the two distributions are.

Heatmap of the differences between real and
synthetic sensor correlations. Lighter colors mean
a better match, while darker red shows bigger
differences. Most areas are light, indicating the
synthetic data preserves sensor relationships well.
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Future Goals

*Use more real-world variables (engine, environment,
flight conditions) to make models more accurate.
*Clean and transform data so it reflects actual engine
behavior, not just raw sensor values.

*Make results realistic and easy to use for engineers,
including failures and real operating conditions.
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