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What is a uPSP system?

Unsteady Pressure-Sensitive Paint

1. Apply porous, fast-response PSP to subject
llluminate paint with UV light source

Paint emission is a function of pressure
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Measure emission with high-speed cameras

~4-8 cameras
~1.5MP

o+ ~10k FPS
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[1] Reproduced with permission from Innovative Scientific Solutions Incorporated Wave/ength (nm)
[2] Reproduced with permission from Vision Researc h, Inc.
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What Is produced by a uPSP system?

Wind Tunnel Test DAQ
Fluctuating Surface Pressure (10k FPS, playback @ 30 FPS)

High-Speed Video Frames




What Is produced by a uPSP system?

Example data products relevant for launch vehicle loads analysis
Turbulent BL Convective Speeds

Wavenumber-Frequency Pressure Spectrum

Power Density

A

rea-Averaged Surface Loads
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uPSP Test Technology Capability Challenge

Aeronautics Research

NASA Aeronautics Portfolio Analysis and Mission Directorate Integration and
Research Institute (NARI) Management Office Management Office

(PAMO) (IM0)

Advanced Air Airspace Operations Integrated Aviation Transformational Aerosciences Evaluation
Vehicles Program and Safety Program Systems Program Aeronautics Concepts & Test Capabilities (AETC)
(AAVP) (AOSP) (IASP) Program (TACP) Portfolio Office

« Aerosciences Evaluation & Test Capabilities (AETC) Portfolio Office

Executes strategic efforts to preserve and enhance research and test capabilities for
NASA's world-class portfolio of National Wind Tunnel facilities.

* uPSP Test Technology Capability Challenge
Develop a state-of-the-art system to measure, assess, and visualize unsteady

aerodynamics for advanced and complex aerospace vehicles at high-resolution
and unprecedented data turn-around times ("months” to “minutes”)




ARC Facilities enabling uPSP capability

Ames Unitary Plan Wind Tunnel Complex (UPWT) NASA Advanced Supercomputing (NAS) Division

https://www.nasa.gov/centers/ames/orgs/aeronautics/windtunnels/overview.html
https://www.nas.nasa.gov/hecc/resources/pleiades.html



NAS HPC Environment

NAS Secure Enclave
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https://www.nas.nasa.gov/hecc/support/kb/hpc-environment-overview_25.html



uPSP @ NAS HPC Environment

Pleaides Pleaides Frontend (PFE)
(Example: ~150TB for - .
t uPSP test) uPSP Pipeline uPSP Pipeline
recent u es | Applications Launchers/Tools :
\ Customer Data Delivery

WT-NAS Lustre Filesystem
Connection (“nobackup”)

NAS Hyperwall
Lou Frontend (LFE)

uPSP Data Archival

Desktop Analysis Tools

(Paraview, Tecplot,
Custom Apps)

Lou Mass Storage

“Rethinking the hard drive” for WT customer data delivery
NAS resources enable on-demand/just-in-time processing and analysis

https://www.nasa.gov/feature/unsteady-pressure-sensitive-paint-application-on-nasa-s-space-launch-system-at-nasa-ames
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uPSP Data Processing Pipeline

Raw Video Files

1st Video Frame Extraction
15t Frame Wind-On Cal Update

C/C++ Application

Python Application

Image-to-Grid Projection
Multi-Camera Fusion
Calibration to Pressure

_ 3D grid pressure-time history

Patch-Integrated Dynamic Mode
Loads Decomposition

K — w Spectra U,/U, Estimation



uPSP Data Processing Pipeline

Raw Video Files

1st Video Frame Extraction
15t Frame Wind-On Cal Update

C/C++ Application

Python Application

Image-to-Grid Projection Next: . . e .
Multi-Camera Fusion * closer look into “core” pipeline step
Calibration to Pressure  highlight several technical challenges

_ 3D grid pressure-time history

Patch-Integrated Dynamic Mode
Loads Decomposition

K — w Spectra U,/U, Estimation



Image-to-Grid projection leveraging HPC

. Frame ‘k’, aligned to Frame 0 Image registration aligns each frame to first frame
Frame 'k (tform assumed small, affine) Projection built for model position in first frame

. Projection accounts for visibility (via raycast)
. Linear combination of value from each camera
I ﬁ

Awn o

MPI Communicator

Rank 1 Frame Chunk 1 = Grid Intensity Chunk 1
Rank 2 Frame Chunk 2 ) Grid Intensity Chunk 2

Rank R Frame Chunk R~ |3l  Grid Intensity Chunk R

s

Grid Intensity Chunk

t1 Intensity[v]

/ t2 Intensity[v]

Challenge 1: [1M verts x 50K frames] =

~200GB total memory tM Intensity[v]




Calibration to Pressure leveraging HPC

Challenge 2: 3D Projection scales across time
Pressure calibration scales across space

MPI Communicator

Rank 1 Grid Intensity Chunk 1

(Detrending + in-situ & lab-based calibration)
Rank 2

Grid Intensity Chunk 2
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Software Tools deployed to HPC systems

“"Raw” Data (/nobackup)

v

File indexing, data cleaning
(test-specific)

v

Batch processing config files
(JSON)

Deployed software builds
(NFS filesystem)

Pipeline Batching Tools

(Autogeneration)
ﬁ

Pipeline Applications

Challenge 3:

Manage data from multiple customers

and iterative SW development

/nobackup.../test-name/code-version/

02_configuration/

03 _launchers/
gsub-step
step+extract-first:ftimg///////
step+external-cal — = —]
step+project-to-grid
step+patch-integrate

04 processing/
logs/

05 products/
extract-first-frame/
external-cal/
project-to-grid/

condition-1/
condition-2/

Raw Video Files

15t Video Frame Extraction
15t Frame Wind-On Cal Update

Image-to-Grid Projection
Multi-Camera Fusion
Calibration to Pressure

_ 3D grid pressure-time history
Patch-Integrated Dynamic Mode
Loads Decomposition
K — w Spectra U; /Uy Estimation

* "Launchers” to run on cluster or
frontends (for lightweight tasks)

« Standardized hierarchy for outputs

» Isolation of data products from logs,
debug info

* Handles heterogeneous pipeline
applications via script templates
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Lessons learned during development

C/C++ Application

Python Application

Raw Video Files

1st Video Frame Extraction

15t Frame Wind-On Cal Update

Image-to-Grid Projection

Multi-Camera Fusion

K — w Spectra

Calibration to Pressure

_ 3D grid pressure-time history

Patch-Integrated Dynamic Mode
Loads Decomposition

U;/U, Estimation

Version control is essential
» Accurately track code version + data products
* >30 contributors to-date (back to ~2015)

Real test data is messy
« "Data cleaning” steps are mandatory
* Leave room for the human in SW design

Multiple language support
» Use bindings to share functionality (pybind11)
« Accommodate diverse team skillsets

Modern build +deploy tools improve portability
« cmake, vcpkg, miniconda3
» Dockerfile for local dev environment



Learn by Doing - NAS GPU Hackathon 2021

Raw Video Files

1st Video Frame Extraction

15t Frame Wind-On Cal Update

* Create “mini-app” from DMD pipeline step
AlAA 2022-0141

Image-to-Grid Projection
Multi-Camera Fusion
Calibration to Pressure

_ 3D grid pressure-timg
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Patch-Integrated Dynamic Mode
Loads Decomposition
K — w Spectra U,/Uy Estimation




Learn by Doing - NAS GPU Hackathon 2021

Unique opportunity to learn development techniques outside core skill set of uPSP team
High performance enables fast data turnaround to customer (even mid-test)
Working towards on-demand generation of uPSP data products

Updated implementation (GPU-enabled)
 ~50 msec for math routines on GPU
« ~350 msec for GPU-host IO

Original implementation

3 . o~ .
« ~14 sec for math routines on CPU 4 sec for host pinned memory allocate
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Hands-on practice with NVIDIA® Nsight™ Systems
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Improving uPSP 3D projection step

C tA h iecti
urrent Approac Frame 'k’ aligned to Frame O 3D Projection based on

Frame 'k’ (tform assumed small, affine) external calibration of Frame 0

—) )

Improved Approach (In progress
I A (In progress) Grid Projection based on

Frame 'k’ external calibration of Frame 'k’
* Improved fidelity vs Frame O registration

 Facilitates Uncertainty Quantification (UQ)
 Facilitates handling model deformation
 Facilitates model motion tracking

—




NAS Secure Enclave
Pleaides Pleaides Frontend (PFE)

UPSP Pipeline uPSP Pipeline

Applications Launchers/Tools

Customer Data Delivery

Current data access limitations
Lustre Filesystem | « SSH connection required
("nobackup”)  All users must have NAS accounts

~ Ongoing work
« Additional service(s) to mediate with NAS
Desktop Analysis Tools « Compliance with latest NASA IT standards

Paraview, Jecplot, : . . S
( cru:tox Apps)  Flexible endpoint for multiple applications




uPSP analysis toolkit buildup

NAS Secure Enclave
Pleaides Pleaides Frontend (PFE)

UPSP Pipeline uPSP Pipeline
Applications Launchers/Tools
Customer Data Delivery

Lustre Filesystem
No “one size fits all” solution

(“nobackup’)
Continuing to assess best methods for end users

Desktop
Analysis Tools

Custom uPSP Applications

On-Demand Spectral Decomposition

AR/VR-Capable




Ongoing collaboration and outreach

» Supporting uPSP capability at LaRC (SW deployment)

» Working towards open-source distribution (end of FY23)

* Close collaboration with SLS program
» Ascent Unsteady Aerodynamics Test (AUAT), 2017
» Ascent Transient Aerodynamics Test (ATAT), 2019
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Conclusion

* UPSP — Next-generation wind tunnel data products

* UPWT + NAS — On-demand uPSP data analysis + delivery

» Eager to promote collaborations between experimental +
computational capabillities to advance aerospace technologies



Thank You!

Heartfelt thanks to teams and organizations that made this possible

« ARMD + AETC Portfolio Office

* SLS Program (MSFC, LaRC, JSC)
* HEC Program, ARC NAS Division
* ARC Wind Tunnel Division

* ARC FML Staff

 UPSP TTCC Team

* Open Source Initiative (OSI)

open source
initiative®

* ... and many others!




