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Executive Summary 
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MASINT Stands for Measurement & 
Signature Intelligence
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MASINT is 
collecting data of

what you can't 
see directly, such 

as plumes and 
sound. 
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Purpose & Objective 
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Predictive Acoustic Signature Intelligence using MASINT techniques for System 
Health Monitoring 

Mechanical systems produce unique acoustic 
fingerprints. As components age, wear, loosen, 
or degrade, microscopic physical changes alter 
their acoustic signatures before visible or 
functional failure which we are able to identify.
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The Plan - From Start to Finish
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Determined 
testing setup, 
what hardware to 
utilize, and fitting 
it into a case

Initial Acoustic Data 
Collection

Signal Processing 
and Feature 
Extraction

Expanded Data 
Pool with large UAV 

Propellers

Database Creation 
and Beginning of 
Machine Learning

Design and 
Development of 

Hardware Prototype

Collected 
baseline data 
from a quiet room 
and basic fan at 
varying distances

Utilized software 
to create and 
evaluate 
spectrograms 
and FFT data

Retrieved data 
from SCC’s UAS 
department for 
more meaningful 
results

Combined 
samples into a 
database our ML 
model can train 
on

Using Acoustic Sensing to Find Failing Systems
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Mechanical System
Fans & motors to begin with; Other mechanic systems in the future

Operated under healthy and degraded conditions

Acoustic Sensor
Custom-built microphone captures acoustic signatures

Consistent testing environment

Signal Processing
Convert time-domain audio to frequency domain

Generate FFTs for analysis

Feature Extraction
Frequency Peaks Amplitude Trends Harmonics

Noise Patterns Spectrograms

Signature Comparison & Health Assessment
Compare extracted features against healthy baseline recordings

Easily identify deviations and anomalies & determine system health condition
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From the beginning, we 
knew building our 
Acoustic Sensor from 
scratch would 
personalize the 
experience.
We started by using the 
motherboard & sensor to 
ensure easy cable 
routing, proper clearance 
,allowing a pre-test to 
ensure everything works.
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Hardware Design
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Designing the Case
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A rugged, portable enclosure is an important step toward deploying acoustic signature 
sensing outside the laboratory. 

• Designed a custom protective enclosure for 
the prototype, improving durability by 
protecting electronic components from 
damage.

• Increased portability by integrating 
components into a compact, self-contained 
design.

• Created a foundation for future field testing 
and design enhancements.
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Software  
Python / Scripts

Custom Python scripts 
transformed raw acoustic 
readings into data 
products used for 
comparison of healthy & 
degraded systems
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Code to Results
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Supporting Software
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• Open source audio editor and 
recorder

• Used for listening to recordings, 
and manual Inspection

• Helpful for trimming, noise 
reduction, and quick verification

Audacity
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- Allows for the programming of the 
Raspberry Pico

- Gives a Serial Port Interface with 
the Pico & Arduino Nano

Arduino IDE
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Database Dashboard

Current display of the 
Dashboard
- Allows us to import and export 

our data
- Allows the integration of 

Machine Learning to 
semi-automatically detect 
degradation
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Comprehensive 
Testing with Sinclair

Through Sinclair, we were able to do 
several tests, changing out these 
variables

135 kV & 100 kV motors

Original Equipment Manufacturing (OEM) 
and two types of 3D-printed propellers

And lastly - changing the RPM of the 
props through a low & high static speed 
test, and a final “variable speed” test that 
simulates in flight
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UAS Test Stand & 
Setup

Side View
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What is Fast Fourier Transform?
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FFT transforms acoustic measurements into quantitative signatures that can be compared 
to identify anomalies and assess system health. 
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Different Props, Different Results
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Early C
orrelations 

Acoustic Spectrogram

Propeller RPM
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Refined Dashboard
A faster, smoother experience with data collections & analyzation through the 
dashboard
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More Sensors Implemented 
Adding more Acoustic and Other type of Sensors (such as Hyperspectral) will allow 
for better correlation of data, providing faster detection of signs of degradation

Automatic AI Detection
Having a AI Agent that has access to real-time sensor data would allow for 
immediate detection

Future of the Project
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Thank you!
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Nick Riley Rachel

Connect with us!


