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Introduction and Motivation <@TI

- Aggregate, curate, and annotate a dataset of rocket launch audio recordings
from smartphones

- Use the dataset to train machine learning models to detect rocket launch
signatures in audio data and evaluate its performance

- ENnd goal of reliable, accurate near-real-time detection of ignition and launch
signatures on mobile platforms

« Since UPR 2023, we've been focusing on improving and automating alignment
In the dataset due to the increasing resource cost of manual alignment checks
as the dataset grows

al
' (28
&0
-y
National Nuclear Security Administration



Mission Relevance @TI

« The ability to detect
rocket launches
quickly and
accurately is
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Data Collection

Make of phones:
Sampling rate:
Number of launches:
Number of recordings:

Most common type of
rocket:

Other rocket types:

NIYSE

2022 dataset
All Android
800Hz
66
212

SpaceX Falcon 9

ULA Atlas V,
SpaceX Falcon
Heavy

2024 dataset
All Android
800Hz
180
801

SpaceX Falcon 9

ULA Atlas V,
SpaceX Falcon
Heavy, SLS Bl
(Artemis),

Terran 1,

ULA Delta Heavy
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Transfer Learning with YAMNet @TI

Embeddings

N/

« Transfer learning uses the output of
one model (YAMNet) as the input of
another model (rocket detection
model)

« YAMNet:;

- Deep neural network

 Pre-trained for 521 classes of audio
events

« Classifies 16kHz audio in 0.96s
Increments

« Outputs embeddings, which are
then used by the rocket detection
model to make classifications

Classifications
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Pre-2024 Alignment Process

« Estimate the earliest
possible time of
arrival, then peak
select from the
following 3 minutes

* Problems:

o Reported launch
time isn’t always
accurate

o Results are
sometimes
unrealistic

o Manual verification
IS necessary

 Varying peak
selection method

(cross-correlation,

etc.) has minimal

effects
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New Alignment Process

Pre-2024 allgnment
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Results @TI

Mean metrics over 25 random training set/test set splits

All data Short-range data only

Long-range data only
10-60km

10-30km 30-60km

rocket
rocket
rocket

true label
true label
true label

0.00023 0.00064

no rocket
no rocket
no rocket

rocket no rocket
predicted label

I
rocket no rocket
predicted label

rocket no rocket
predicted label
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Results
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Conclusion Q@TI

* Issue with accuracy decreasing with distance appears to be entirely negated by
Improved alignment, supporting our hypothesis that many of the long-range samples
were previously mislabeled

« The model's already very low false positive rate decreased even further, from 0.7% to
0.023%

« The combination of the rapid growth of the dataset and the new alignment strategy
significantly improved long-range detection, resulting in a dramatic decrease in the
overall false negative rate (25% — 0.37%)

 99.63% mean true positive rate over 25 iterations
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Next Steps & ETI Impact a@TI

- Near future:
- Continued collection, aggregation, and curation of the dataset

- Training against other infrasound signals using data collected In
collaboration with INL and NNSS

- Deployment of updated model on phones near Cape Canaveral

- Further out:
- Narrowing in on the ignition signature
- Investigating feasibility of trajectory modeling, rocket type classification, etc.

- ETI Impact:
- Continued collaboration with LANL on propagation modeling
- Internship with INL last summer

al
' (28
&0
-y
National Nuclear Security Administration



ACKNOWLEGEMENTS

This material is based upon work supported by the Department of Energy /
National Nuclear Security Administration under Award Number(s) DE-NA0O003921.

0 Duke

UNIVERSITY

c i
v“ i !/ ; L ) [ra— _—
MIN ES MICHICAN

ﬁ @ A_ THE UNIVERSITY OF ﬂ
4 0 T ) i
ﬁ Spelman College, E X AS A 4
THE OH10 STATE : . | . o
THE UNIVERSITY A Choice to Change the World — AT AUSTIN — WASHINGTON STATI
of NORTH CARQT UNIVERSITY TEXAS ASM UNIVERSIT
HA
3
A é f}"_r}l |ﬁ| BROOKHIEVEN ‘.1 Il:awrence
NATIONAL LABORATORY ivermore
rgQYQNQL? ooooooo Idtho Nationa lal:omm National @ LOS A|amOS
BERKELEY LAB Laboratory NATIONAL LABORATORY
EEEEEEEE

NN55 OAK ~7~  PPRL o @SRNL

SECUR . RI l)(_j l ’ Pacific Northwest E:E%P;»:‘Tpggé CS Neasmes LOUUTOLUNIGRY  SAVANNAH RIVER NATIONAL LABORATORY
National Laboratory NATIONAL LABORATORY

@ .
( ﬁ\ )

Consortium for

N I ’4){ ENABLING TECHNOLOGIES & INNOVATION

National Nuclear Security Admmlstratton v




