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Historical scientific study and analysis ...

Katherine Johnson (née Coleman)

Instrument Data Analyis

Katherine Johnson (née Coleman), one of the first African-American women to work as a NASA scientist - played a key role in the
mathematical calculations for John Glenn’s orbital mission and made sure that the equations controlling Glenn’s capsule were
programmed accurately, ensuring a safe lift off and splashdown.

SAGE >
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The Digital Continuum

Instrument HPC/Cloud

loT  Facilities Analysis
Analyse. £ll resolution data,

find highesf valve data for
SAGE the science.
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Why Live on the Edge?

Analyse foll resolution data,
find highﬁsf valve data for

the science

e More data than bandwidth R

o Imaging, LIDAR, SW defined radios, radar, audio, hyperspectral, large facilities, ...

e Latency is important

o Quick local decision, experimental cgrl’ﬂql & actuation; adaptive sensing__
= e Privacy/Security requires short-lived data: process and discard
o o Compromised devices have no sensitive data to be revealed
2l o Resilience requires distributed processing, analysis, and control

O
{ ]

Predictable service degradation, autonomy requires local (resilient) decision-making
Quiet observation and energy efficiency

(@)

Vigilant low-power sensors, transmit only essential observations

SAGE
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Sage Goals

e Build a novel cyberinfrastructure
o High-quality, resilient, well-documented software

o Leverage best Open Source frameworks
m PyTorch, OpenCV, TensorFlow, Kubernetes,

Docker, etc.

e Build community of AI@Edge scientists
o New Al-based measurements

m Software-defined sensors
o New Al algorithms for edge
e Deploy experimental testbed into production
facilities
e Provide new capabilities for live data and
triggered responses
e Teach and train students, explore new ideas
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(Sensors sample at 40hz, aggregate to 30min)

Analyse. full resoluhion data,
find highest valve data for

the science :

Building on
NSF Array of Things
SA GE (2016-2018)
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Al-Based Measurement &
What is a Anomaly Detection, & Control

Plant Species Helmet usage Bird, Plane or Drone?

“Software Defined Sensor”?

Vour software container
e running here

.‘“\ Analrsis Prodvces

N e e

Many measurements cannot be

“sensed” directly but can be

computed from image,

microphone or other devices or
.! SA GE datastreams
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Delivering Al@Edge Platforms: Two™ Forms

Wild Sage Node Sage Blade

s————— §ky facing camera

Optical Rain Sensor
Additional Sensors

Sensor Stevenson Shield Mounting Point

Relative humidity  _l
barometric pressure
ambient temperature -

Microphone | X

NVIDIA Xavier NX GPU

Wireless Network

46, 56, Wi (Sage software

s .
110/230V AC Power ports: PoE & USB stack + pure
Ethernet comm Od ity
'— Ground Facing Camera
server)

Rugged server for instrument huts,

Ready for mounting outside, any
new sensors easily added

PoE sensor can be easily added

Research Credit: Edge Architecture led by Rajesh Sankaran, Northwestern University

7
S A GE Leverages Open Source, Open Hardware, extensible platform called Waggle developed at Argonne National Laboratory
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Wild Sage Node: Manufacturing

O
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. Wild Sage Node: Design Qualification

Electrical,
EMI, and
physical
environmental
tests to
qualify the
design.



Lahaina, Maui
(Planned October
2024)

127 Nodes

International

i _Coglggado
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% Nodes
127

O Active Jobs
93

# Recent Apps
36

~ App Data
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Billings
o g

= Wild Sage Node Deployment: University of
Utah’s Taft-Nicholson Center in Montana

Bozeman
o

Salmon-Challis .~ 2 Yellowstone

National Forest National Park
ho'? NEnal Foreat Motivated by the success of a deployment
LI Jackson with NEON at a controlled burn on the
prEele \ | WYOMING ¢ Konza praire, we are planning deployment

Twin Falls
o

of ~5 mobile Sage towers. The first
deployment was at a remote site in
Montana last fall.

Two phase deployment:

Initial Deployment on campus with line
power and Starlink Internet  (university
network as back up).

Final deployment on a hilltop powered
by solar and wind, and Starlink.

Sensors: Sage node with
cameras, microphone, TPH,
precipitation, dust and thermal
camera.

44.59784787095959, -111.8116293810192



https://www.google.com/maps/place/27828+S+Valley+Rd,+Lima,+MT+59739

Architecture Architecture and Software Stack for
Al@Edge Computing & Sensing
Waggle Al Node

Waggle Cloud Supercomputers

Edge Code
Repository

Al@Edge

Scheduler Containers

o) Sensor
@ Data  (u—)
% Real-time
w Sl Al Analyzed Data Docker Large Language
w Models, Al Training
Al toolchain for secure, real-time, Waggle Al@Edge Software Stack
+ Al toolchain for the edge
distributed Al «  Goal-based scheduler & resource manager

Fully containerized AI@Edge applications
Support for multi-tenancy

* Extreme cybersecurity
Built on IndUSt["y Components_" : Resilient data movement -\Q/a e

Cloud-based data store and management

SA GE Tensor CUDA. ¥ TensorFlowlite  gpencv 19
sagecontinuum.org Software Team led by Sean Shahkarami




A National Al@Edge Resource for the Community

The Edge Code Repository

s weather-classification (v) E‘M’e cloud-motion (9] W
e S o’ et

\*ng avian-diversity-monitoring (@) cnrsr = .., , Water-depth-estimator (@)

An app for identifying cloud or rain coverage "t Cloud Motion Estimator (Optical Flow) for the Records | sounds, identifi | d FT 1 lNI S
PP ying g Sl ST ; . Water Depth Estimator
from the ARM Doppler ... @ Sky Camera, Uploads i... birds by such sounds and f...
X St >
fiackson - 15 taqs O i J§ bhupendraraut - 10tags @ data riodematties - 1tag @ data seonghapark - 3tags @ data
motion-detector (@) solar-irradiance (9) traffic-state 0O object-counter (9]
3 p ;
Ageneral fmotion Sysiem Solar Irradiance Estimator Using U-Net Traffic State Estimator Object Counter
that locates and tracks m...
seonghapark 1tag B data eonghapark 4tag B data seonghapark 7 tags 3 data yonghokim 2 tags B data
surface-water-classifier € wildfire-smoke-detection € surface-water-detection ) * 4 motion-analysis (9]

Surface Water Classifier Wildfire Smoke Detection Surface Water Detection Motion Analysis

seonghapark 2 tags E data perezx 3 tags [ data seonghapark 8 tags [ data songhapark 6 tags @ data

https://portal.sagecontinuum.org/apps/explore

www.sagecontinuum.org Community contributions will increase software defined
sensing capabilities of the nodes — additions to Edge

SA GE Code Repository benefit SAGE users. 13
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Viewing data from Cloud (Waggle Beehive)

@ portal i gistry %3A0.5.1& count 15%7CW023%7CW024%7CW0268window=d @ % O % = O @
jsage"’"" Nodes « App Catalog « Job Status Data Docs @ yonghokim ~
Queryitype [ env.count.car; W026 [ env.count.car; W024 [__] env.count.car; W023 [_] env.count.car; WO15
18
i e E 0
16
Filters
S Apps 14
g yonghokim/obje... -
:g Nodes 12
c wois
[}
(&] wo23 10
e A4
:E wo24 3
(=) 8
E wo26 (3
% Names 6
3] env.count.car v
(/7]
4
Time Range
2
Start Date i)
0
Start Time @ 12AM 1AM 2AM 3AM 4AM 5AM 6AM 7AM 8AM 9AM 10AM 11AM  12PM 1PM 2PM 3PM 4PM 5PM 6PM 7PM 8PM 9PM 10PM 11PM
Window Ty'pe "
| day . I lines points  Timeseries ~
relative time meta 3/4/2023.11:50:42 PM to 3/5/2023. 11:45:57 PM 1-100 of 649 < >
SA GE Credit for the Web Ul design and implementation: Neal Conrad, Argonne
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Demo: Analyzing the local temperatures from nodes

e htips://github.com/sagecontinuum/sage-data-client

e https://github.com/sagecontinuum/sage-data-
client/blob/main/examples/contrib/geospatial mapping example vZ2.ipynb

SAGE

sagecontinuum.org
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https://github.com/sagecontinuum/sage-data-client/blob/main/examples/contrib/geospatial_mapping_example_v2.ipynb
https://github.com/sagecontinuum/sage-data-client/blob/main/examples/contrib/geospatial_mapping_example_v2.ipynb
https://github.com/sagecontinuum/sage-data-client/blob/main/examples/contrib/geospatial_mapping_example_v2.ipynb

Multi-tenancy with Sage Edge Scheduler

e Jobs include a “Science Goal”
® Science rules are evaluated to schedule applications for different scientific studies

SAGE

sagecontinuum.org
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A Re— -Q
Scientists Portal Cloud Scheduler

E Edge Computing Node l

Downloading Science Goals and AI@Edge Applications

\ 4

) aggle Edge Scheduler

e 0

Resource Science Rule Kubernetes
Monitoring kend

- ] -
Scheduling AI@Edge Applications for Science Goals

&@@%@@

Streammg Camera Application 1
E? l;\\7 Mlcrophone
Methodological

LiDARIRAD
Sensors

11 AM 12 PM
1 1

motion-detection-right -
objectcounter-left -
face-water-detection-left -
motion-analysis-left -
motion-detection-left
objectcounter-right -
ace-water-detection-right -
motion-analysis-right

Round-robin scheduling policy

sian-diversity-monitoring ]
objectcounter-left
motion-detection-left -
cloud-cover-top
sound-event-detection -
cloud-motion-top

motion-analysis-left -

11 AM 12 PM

T I E—
TR

GPU-aware scheduling policy

16



CS and Systems: Enhancing Resource Monitoring

Edge Monitoring Framework:

System resource monitoring

Application Sidecar:
Application resource
and performance monitoring

We are currently testing the
framework and moving it into
production

SAGE

sagecontinuum.org

________________________________________ -
Edge Computing Node 1
N [
Al Application in a Kubernetes Pod r !
Edge Monitoring Framework
@ Sidecar . e
container - AN Metrics >|-
Application Scraper
container Cloud
Storage
(=
Storage
;2 S 1 dataset
cAdvisor : curation
; [
Kubernetes o live performance data "
[
[
[
<D Tegra 1
Prometheus 8 % I [ [
Prometheus : [ [—
Nvidia CUDA for I o—
Tegra 1
Scheduler Users : datasets
________________________________________ J
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DemoZ2: Pulling node performance data

e https://github.com/waqgle-sensor/edge-scheduler

e https://github.com/waggle-sensor/edge-
scheduler/blob/main/scripts/analysis/analyze node performance.ipynb

SAGE

sagecontinuum.org
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https://github.com/sagecontinuum/sage-data-client/blob/main/examples/contrib/geospatial_mapping_example_v2.ipynb
https://github.com/waggle-sensor/edge-scheduler/blob/main/scripts/analysis/analyze_node_performance.ipynb
https://github.com/waggle-sensor/edge-scheduler/blob/main/scripts/analysis/analyze_node_performance.ipynb

Artificial Intelligence (Al) and Sage: Examples

e htips://sagecontinuum.org/science/cateqgory/recent-projects

SAGE

sagecontinuum.org

<« (¢} % i g/scienc

J About Al/Science News Publications Team Docs

Recent projects

m;w' ,-\,
3 § e aT

Autonomous Camera
P2AN Control

Real-ESRGAN SUPIR (with prompt)

Thme: <19 seconds Thme: 100 seconds

Thuse: ~19 seconds. Time: 79 seconds

Super Resolution

Image Enhancement

projects

Finding Eventsin
Real-Time

R 1 ek
LR T e FER

" LIDAR for Solar ' ightning Detection
Estimation and Sky w/ Software Defined
Classification Collaboration Radio

19


https://sagecontinuum.org/science/category/recent-projects

Bal O o
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Lapland Longspur = . i Ok Brock s oo "
g White-throated Sparrow - - ownats = L ] @)
s Grove @
Ruby throated. Hummingbird American. Robin House Sparrow Indigo Bunting . Common Yellowthroat - -
5500 500¢ 20 6000- 29 10000~ 20 Bridgeview ® N\
5000 4000 7500 - Tree Swallow - - (%]
4500~ . 5000~ Oak Lawn
4000~ 5 5000- 5 2000 5 2500~ 5 Swamp Sparrow - -
0 * D
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15 15 15 15 - Eastern Meadowlark - - Alke
g N
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= i b ’P.imtbfush Prairie
Barred Owl - - Nature Preserve C1
Great Homed.Owl Mourning Dove g 5]
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Q TR

6000~ 1750- 5 20 o Tindou Dacke o 2
1500~ 1250 - o Warbling Vireo - -
4000~ 1250- o
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g 750- o
15 15 Northern Cardinal - _
10 10 10 10 Mourning Dove = _
Northern.Cardinal Song.Sparrow Vesper.Sparrow Warbling.Vireo
2500~ 3000~
1500 000 1000~
0- 0- 0- 0-
time 0 30000 60000 90000

count

Total calls, for top 12 species, as a function of the Top 25 bird calls recorded at the Paintbrush Prairie

hour of the day (UTC-06). Natural Preserve (Nature Conservancy Site) from
BirdNet f c I Uni " Sep 2020 to Dec 2021
irdNet from Cornell University
SAGE

sagecontinuum.org Research Credit: Dario Dematties, Bhupendra Raut, Nicola Ferrier




° . estimated
. 35 * i? — ground truth
Measuring Water and Snow Depth & | 7 7 = = 4 o - - &
5o e i B W
We are evaluating multiple approaches to estimate
the water (or snow) level from images of rulers (in =~ " SO laR-ETors Wit
10 CV approach .

o0

of a stream at a NEON site)
- Computer vision (CV) based 5255285 0 8% 0% S %
- Machine Learning algorithms Hsitle

- U-Net, ResNet
- Self-supervised Learning

Q0 o0 o0 o0 o
Q" 00' 00' 00'

L >
0‘»’0 0\’0

U-Net
(segmentation)

measuring stick

height *

17

OBJECTS

measuring stick 1

ResNet32 based

Human annotation Regression

SAGE using Labelbox

sagecontinuum.org Seongha Park, NOFthWEStern UnlverSIty 15161:mnnznullz(::‘::ﬂnm:ou;1 nBR




Wildfire Detection and Prediction CWIFIRLEY)

AI@Edge for W|Idf|re dEtECtiOﬂ llkay Altintas, UCSD, Co-PI for SAGE
(data used in HPC simulations)

5 . '
> B ~
d
&
¥
=

LFD-Getty wind direction 21 des)

Sage project will move Pan-Tilt-
Zoom cameras toward suspected
outbreaks, and use infrared
cameras to build self-supervised Al
training

Exploring 2 approaches to improve predictions:
1. Use of thermal IR camera, and
2. Incorporating motion of the smoke in the

SAGE b1 models.

sagecontinuum.org




Al to Detect Wildfires in Real Time

CWIFIREY) P,
OHAZ]




Sage/Waggle Detects Kilauea Volcanic Eruption

® June 3, 2024 at 2am: eruption occurred 5 miles away from
Sage/Waggle sensor.

® Sage captures eruption on camera & while testing image against
several Al Visual Language Models (Moondream, Yolo, ChatGPT,
Claude) for fire detection, our Als were able to identify the event as a
“volcanic eruption”.

® Since then, we have built a workflow to keep the Al running to detect
future potential events, and to test Al improvements.

® On Oct 1 we will finally install the sensor in Lahaina/Maui.

Sage/Wag Beehive SAGE3
JetStream?2 -
gle Sensor Server Server
. Al fire/lava detection service SAGES Visualization of volcanic
. Als being tested: Sage/Waggle telemetry eruption
fEEEEEEEEEEEEEEEEEEEEEEEEEEEEER Moondream
Moondream Al is small enough to Yolo7
potentially put inside Waggle node ChatGPT

Claude

s\' Research Credit: Dr. Leigh, Hawaii Data Science Institute, RAPID — an
. Evaluation of an Artificial Intelligence-enhanced Edge Sensor
System for Multi-Hazard Monitoring and Detection (ACI 2346568)

SAGE
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Person used crosswalk = 0
Person crossed road = 0
Person count = 0O

NIU experimental node with wired network connection Pedestrian data processed

e Experiment with sampling rate and resolution

to understand patterns and
transformed for top-down

e \Work is now being ported to Sage node
view then bundled to

SAGE

sagecontinuum.org

YOLO based model for identifying highlight patterns

people and to check for use of

crosswalk
Justin Derus, Wesley Kwiecinski, Pratool Bharti, Michael Papka: Northern Illinois University
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Future direction: Generative Als + Actuators

=

Florence - 2

Zooming in and foIIowv

26



« (¢] O &/ 130.

warnings .warn ( £+ Most Visited Fedora Docs [ Fedora zine [ Fedora Project (3 User Communities (JRed Hat [JFree Content

{'action': {'noop': [0.0, 0.0, 0.0], 'short': {'left': [-0.1, 0.0, 0.0], 'right': [0.1, 0.0 gRINIS=IN= [ | XNP-6400RW  dario
0.0], 'right_down': [0.1, -0.1, ©0.0], 'up': [0.0, 0.1, ©.0], 'down': [0.0, -0.1, ©0.0], 'Zz{
'right': [1.0, 0.0, ©0.0], 'up': [0.0, 1.0, ©0.0], 'down': [0.0, -1.0, ©.@0], 'zoom_in': [O.

.0, 0.0, 0.0], 'up': [0.0, 3.0, 0.0], 'down': [0.0, -3.0, 0.0]}}}
new version of the following files was downloaded from https://huggingface.co/microsoft/F
configuration_florence2.py -

. Make sure to double-check they do not contain any added malicious code. To avoid download w
new version of the following files was downloaded from https://huggingface. co/mlcrosoft/F
modeling_florence2.py
Make sure to double-check they do not contain any added malicious code. To avoid download &

/usr/local/llb/pyth0n3 10/dist-packages/torch/cuda/__init__.py:118: UserWarning: CUDA initig

e your GPU driver by downloading and installing a new version from the URL: http://www.nvid

version that has been compiled with your version of the CUDA driver. (Triggered internally
return torch._C._cuda_getDeviceCount() > @

A new version of the following files was downloaded

- processing_florence2.py

. Make sure to double-check they do not contain any added malicious code. To avoid download
new version of the following files was downloaded from https://huggingface.co/microsoft/Fl=={;
configuration_florence2.py
Make sure to double-check they do not contain any added malicious code. To avoid download

Flrst image in the episode

/imgs/310.0,1.0,3.0_17_2024-09-16_21:38:59.037565. jpg
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following a control panel object

<<LKLKLKLK>EE>>>> <<LKLKLKL>E>>>>>

<<KLKKLK>EE>>>> <LKLKLKLKL>>>5>>

SR O3 199 9517 875

yl: 185.22000122070312

X2: 360.0

y2: 373.1400146484375

image_width: 1920

image_height: 1080

zoom_level: 3.0 +a®

current_h_fov: 24.27496484576456 P

current_v_fov: 13.61218322426082

Move the camera to center the object

Pan: -9.273036601949276

Tilt: -3.2873421486526686

Resolution
Codec
Frame rate

Target bitrate

4
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