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What is Waggle?
An Architecture and Software Stack for Scientific AI@Edge Computing
Waggle Al@Edge Software Stack sea\ Purpose-built
« Al toolchain for the edge Waggle node for
*+  Goal-based scheduler & resource manager remote
«  Fully containerized AI@Edge applications - Deployed at instrumentation
. E;Jﬁg%réfg;bn;%tgéﬁﬂﬁcy W Instrument/Sensor i
+  Resilient data movement ale outside or inside
« Cloud-based data store and management
Standardized Open Source Al tools for the Edge
+ =4 W= PYTLRCH 0
Tensorf = = ¥ TensorFlowLite OpenCV Commaodity server ‘\
‘. see deployed with
Jocker K3s :i: R OS Waggle Software
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Al-Based Measurement &

Anomaly Detection, & Control

“SOFTWARE DEFINED SENSOR” i o oonecon

Your ,Soﬂwafe com‘ainer\
running here

Analrsis PrkoceS
live results -

Flooding / surface water
Many measurements cannot be “sensed” directly but
can be computed from images, microphones or other
datastreams/devices

portal.sagecontinuum.org/apps/explore

MEASURING TRAFFIC STATE USING VEHICLE TRACKING

Chicago O’Hare Improvement Project:
Understanding Traffic Type, Flow, and Density

DOE VTO (EERE)

Nodes:

o Need 110-240VAC,
60-80 Watts

o ~251band WxHxD
of 2x2x1"

2n 4

Smm' Deploying 25+ \ 4 .
at 0’Hare, Chicago o L,
Y
Outputs:

Dual cameras to captqre - Flow: # of vehicles / sec

appl.’oachl.ng ?”d IeaVIr{g - Speed: averaged speed in km/h

traffic for in-situ analysis. - Density: (# of vehicles x average length based

on vehicle type) / (length of road in ROI)
() ENERGY 4 Argonne &
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https://bit.ly/Sage-TrafficTracking2022
https://bit.ly/Sage-TrafficTracking2022

Advanced Radiation Sensors for Safer Cities
NNSA: Domain Awareness Waggle Network (DAWN - ANL) and PAND.

New data streams: Cameras +
LIDAR + radiation sensors
WIP: Developing ML methods

2 nodes
at Rush
Hospital

1657728959.9920066

A (LBNL)
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Surface Water Detection
Red = possible wat:

Input image

clouds tree

Linked with HPC, can be used
to build hydrology models and
predictive capabilities

grass Tiver

er

bossible shadow or

water-other

sky-other
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Wildfire Detection and Prediction ((WIFIREY)
Al@Edge for wiIdf{re detection linked to HPC simulations  iikay Atintas, UCSD, Co-PI for SAGE
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Konza Prairie controlled

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

UNIVERSITY OF

OREGON

Oregon Sage Node, ALERTWildfire
Nov 2023 Argonne &

Exelon: Measuring Cloud Coverage for Estimating Solar Irradiance

Park, Seongha, et al. "Prediction of

® Cloud cover using FCN, U-Net, Deeplab v3, PLS, and AdaBoost models solar iadiance and photovoltaic
solar energy product based on

® Solar irradiance = (1-cloud cover(ratio)) x max solar irradiance dloud coverago esiimation using
methods." Atmosphere 12, no. 3

(2021): 395.
Model mloU mAP mAR
PLS 0.6467 0.8961 0.6991 June 2
FCN 0.5649  0.8974  0.6040 750|
U-Net 0.7626  0.9869 0.7703
DeepLab 0.5335 09234 0.5582 5007

AdaBoost (class)  0.6128 0.8494 0.6875 2501
AdaBoost (norm) 0.5856 0.8646 0.6448

o!
06h08h10h12h14h16h18h20h

June 4

June 24

June 26

B A

# % 0 Al
06h08h10h12h14h16h18h20h 06h08h10h12h14h16h18h20h

~— tower —— pls —— fcn adanorm

—=— deeplab ~— ada unet

2/13/24



Supervised learning to
generate AI@Edge

EDImages collected
from a node
Red box: sky facing
camera
Orange box: Solar
irradiance
measuring sensor

=8
) =

FMZip the images and (Store the dataset in the (MUse the dataset to

labels with relative cloud or HPC server train a model
fiformation Argonne &

Example: Cloud
segmentation for
estimating solar
Irradiance

o

eled

'ﬁDManually lab

the images

Labeling Examples

Need large labeled data sets
for science including:

Flooding detection

Snow depth / coverage

Smoke and Fire detection

Cloud coverage

Rime ice detection

Urban heat island detection

=  Predicting photovoltaics
performance

= Seismic activity

Argonne &°
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Previous examples used Supervised Learning, requiring
large annotated data-sets.

Self-supervised learning methods are well suited for Edge
computing.

Argonne &

NATIONAL LABORATORY
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(a) Q loss: -p, log p,
SSL for

cloud softmax
coverage

DINO

Attentional maps and its ¥,
Corresponding masks l

Dematties, D., Raut, B.A,, Park, S., Jackson, R.C., Attentional Attentional
Shahkarami, S., Kim, Y., Sankaran, R., Beckman, P., Maps 0 - 2 Maps 3 -5

Collis, S.M. and Ferrier, N., 2023. Let's Unleash the

Network Judgment: A Self-Supervised Approach for Masks from Masks from
ud Image Analysis. Artificial Intelligence for the Earth Maps 0 - 2 Maps 3 - 5
stems, 2(2), p.220063.
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The Morton Arboretum, Lisle, IL

Grassland 1

Example: Self-Supervised Avian Diversity Monitoring
Common Soundwave

Forest 1 Sage nods et nclues cameras, microphanes, Y
‘ellowthroat
Device D o weather and i quaty satons
, —

Grassland2  forest 2

@ 4862

© 2879

@ 23734
@ 23764
© 23795
© 23757
O 2377
© 223700

Microphone

Forest 5 Canopy Open grassland
Forest & » .

Argonne &
14
OTRNOWN
Indigo Bunting
Insects
Insects
Self-Supervised , o
Learning for Avian Eastern wood pewee » Blue Jay
Diversity Monitoring ‘
Argonne &°
15
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Al provides a powerful tool to analyze data streams. Moving
the compute to the edge can reduce bandwidth and provide a
measurement of the “important information”.

QUESTIONS/DISCUSSION?

Argonne &

NATIONAL LABORATORY
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