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Presenter Introduction

= Dan Rossiter

— dan.rossiter@swri.org
— (210) 522-3541

* Enabling ITS innovation since 2013
— From California to Florida and many states in between
— Traditional ATMS systems
— Computer vision systems

— High volume, high velocity cloud hosted data processing systems
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Agenda

= SWRI Background
* Recent Technological Advances
" Transportation Applicability

= Conclusion
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SwRI Background

Applied Research from Deep Sea to Deep Space

INTELLIGENT SYSTEMS 4
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SwRI Overview

AUTOMOTIVE & BIOMEDICAL & CHEMISTRY & DEFENSE & SECURITY
TRANSPORTATION HEALTH MATERIALS

EARTH & SPACE ELECTRONICS & ENERGY & MANUFACTURING &
AUTOMATION ENVIRONMENT CONSTRUCTION

SwRI is a financially stable company with broad technological capabilities and has
grown consistently every year since inception.

= Established in 1947 = $10M internal research funding to
" [ndependent research organization refine our technology offerings in FY20
" 501(c)(3) nonprofit organization " Dunn & Bradberry 5A-1 Credit Rating

" INTELLIGENT SYSTEMS
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Broad ITS Expertise

SwRI’s fleet of Autonomous Vehicles used to test Innovative

Features and Technologies.
Over 70 ITS Staff with Expertise in the Following Areas:

= Advanced Traffic Management Systems " |Integrated Corridor Management Systems
= Autonomous and Connected Vehicle Technologies = Transportation Cyber Security
= High Volume/Velocity Data Fusion/Analysis = Traffic Camera Video Analysis

" INTELLIGENT SYSTEMS
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ActiveDXS2 ITS Data Exchange
m

/ Producers

CAV Projects
(including AV data)

TSM&O data

Field Devices
(Edge/Fog Systems)

Third Party Data
Sources

Other Agency Data

OEMs, Tier 1 Providers, §

Aftermarket & Fleets

SwiI

4

Platform

V2X Data Ingestion

V2X Data PI| Elimination

V2X Data Exchange Platform

\V2X Data
Transformations

Analytics

V2X Data Lake

Engine

V2X Data Filtering

V2X Data V2X Data
Catalog Fusing

V2X Data / Network / Infrastructure Cyber Security

V2X Data Platform API

|

Consumers

Traffic Operations
Real-time and
Predictive Analytics,
Visualizations &
Reports

Traffic Engineering

University Research

Evaluators

OEMs, Tier 1 Providers,
Aftermarket & Fleets
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Recent Technological
Advances

In other words —VWhy now!?

INTELLIGENT SYSTEMS 9
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Advances Powering Computer Vision

* Cost per GPU operation capacity continues to drop
significantly every year in recent history

* Machine learning frameworks have accelerated research in
efficient computer vision algorithms

— Google, Facebook, and others driving these trends through
investment in open source

PYTHRCH

® Tensor

https://aiimpacts.org/20 | 9-recent-trends-in-gpu-price-per-flops/

Swil
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Cloud Providers Reducing Barriers to Entry

The AWS Al/ML stack

Broadest and most complete set of machine learning capabilities

Business processes

Amazon Personalize
Amazon Forecast

Amazon Fraud Detector
Amazon Lookout for Metrics

Al SERVICES

SPECIALIZED

Search Code + DevOps

Amazon CodeGuru
Amazon DevOps Guru

Amazon Kendra

Industrial

Amazon Monitron
Amazon Lookout for Equipment

Amazon Lookout for Vision

Healthcare

Amazon HealthLake
Amazon Comprehend Medical
Amazon Transcribe Medical

CORE
Text & Documents Chatbots Speech Vision
Amazon Translate Amazon Lex Amazon Polly Amazon Rekognition
Amazon Comprehend Amazon Transcribe AWS Panorama
Amazon Textract Amazon Transcribe Call Analytics
SAGEMAKER SAGEMAKER
CANVAS STUDIO LAB AMAZON SAGEMAKER
ML SERVICES Label No-code ML Learn Prepare Store Detect  Build with Train Tune Deploy in Explain Manage Manage
data for business ML data features bias notebooks models parameters production predictions & monitor edge devices
analysts c1/co ] >
B A
ML FRAMEWORKS EYROic Apache Amazon EC2 CPUS GPUSs AWS Inferentia AWS Trainium et FPGA _ Elastic
& INFRASTRUCTURE MXNet, TensorFlow Gaudi inference
aWs
e © 2022, Amazron Web Services, Inc. or its affilistes. All rights reserved. Amazon Confidential and Trademark
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What is Possible?

In what ways can ITS benefit?

INTELLIGENT SYSTEMS 12
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Detection Possibilities

" Vehicle Detection/Tracking

" Pedestrian Detection/Tracking = Advanced Detection/Tracking

PEDESTRIAN
G =
e_|@
,./’ F %

@SOUTHWEST RESEARCH INSTITUTE
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Detection/Tracking Implementation

Raw Traffic _ _ :r; _ .
Camera Feed :> Object Detection Object Tracking

PEDESTRIAN
CROSSING

HIGHWAY

" Detection Options " Tracking Options

— SSD — SORT
— EfficientDet — Deep SORT
— YOLOVS

" INTELLIGENT SYSTEMS
14
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Geolocation

Camera Field of View

* Road Geometry (Esri, Open Street Map, etc)

* Camera Latitude/Longitude
" Field of View
* Homography Keypoint Map

" INTELLIGENT SYSTEMS
15
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Geolocation Demonstration — Speed

" INTELLIGENT SYSTEMS
16
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Weather Detection — Data Curation

" |nitial approach — co-located RWVIS stations + CCTVs

* When RWIS data quality was insufficient, custom tools and
heuristics were used to try and narrow down where notable
weather events might exist within broader dataset

coastal south, plains 924 669,912 22 2,331,383

arid, desert,

) . 155 5,755,019 6 207,746
mountains, plains
central, coastal 3341 92,143,525 0 0
RNl 39 712,492 52 6,656,522

mountains, forest

SwiI

INTELLIGENT SYSTEMS
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Weather Detection — Data Curation (cont)

 Classifier

ESS DATA

Search Criteria:

11/25/2018 Visibility ~ ADVANCE WEEK SEARCH

[J Unvalidated Data [] Validated Data [J Invalid Data

200010 | m N M |
|
WHITE LIST INTERVAL/DEVICES BLACK LIST INTERVAL/DEVICES | [ i |
Start Date: 2018-11-25 00:00 ¥ |
End Date: 2018-12-01 23:45 ¢ I |
Devices: :
O select Al f i ! }
I ) 1 Tyt 1
BENNINGTON RWIS ...
100750 ’ 3
. 'l . 1
BERLIN RWIS L] : : ’ , T
: kI bb [ l ‘
O BETHELRWIS 1. ] 1 RN el I |
i . i i '
e : 3 I
BRANDON RWIS 1. ] 507501 d | Ay
[CJ BRATTLEBORO BRIDGE RWIS ..}
BROOKFIELD GUARDIAN =
750
[0 BROOKFIELD RWIS 1]...]
[ 8uUELs GORE =
CABOT RWIS =
[J CLARENDON ITS PLATFORM =

" INTELLIGENT SYSTEMS
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Weather Detection — Data Curation (cont)

RI Classifier

Search Criteria:

District ~ 10/28/2018 12:00 AM 11/0372018 12:00 AM

Vermont ~ Vermont ~

SEARCH SAVE INTERVAL

20047 Results:

75932989
75932990
75932991
75932992
75932993
75932994
75932995
75032996
75933006
L
75933013
75933020
75933026
75933031
75933033
75933040
75933047
75933053
75933055
75933057
75933059
75933068
75933074
75933082
TRADINOT

" INTELLIGENT SYSTEMS
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Weather Detection — Evaluating Base Model

R A
Accurac Parameters Layers
126

88 MB 79% 22,910,480

= None of the base
models considered
were able to perform
adequately

VGG16 528 MB 71.3% 138,357,544 23

VGG19 549 MB 71.3% 143,667,240 26
ResNET50 98 MB 74.9% 25,636,712 -

InceptionV3 92 MB 77.9% 23,851,784 159

" Some layers/weights
from pre-trained
models were used in

our final model

InceptionResNETV2 215 MB 80.3% 55,873,736 572

MobileNet 16 MB 71.3% 4,253,864 88

Learning Curves

" Final accuracy was able
to achieve >90%
classifying validation
dataset

%

O
o

Validation Accuracy
o
~

o
wn

1234567 8 910111213141516171819202122232425262728
Epoch

——\/GG16 e \/GG19 s X ception

e ResNet50 e nceptionV3 s |nceptionResNetV2
e \0bile Net e CUStOM




Case Study: City of San Antonio

* Premise: Monitor | | cameras along roadway, collecting
vehicle metrics. Later phase, pedestrian metrics also
considered.

* Rationale: Stretch of road was selected due to long history of
major crashes and fatalities, plus an existing high density of
traffic cameras along the stretch of road in questions.
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Scaling to Multiple Cameras

* Object Detection » GPU & CPU Bottlenecks
— Batching

* Optimize Frames Per Second

» Object Tracking — Native 30fps

— Multiple Processes — Necessary 5-10fps

* Geolocation
— Multiple Processes

= Oth ) \ CPU /
er 5 )

— Multiple Docker Containers DATA ..... GPU

— Each Supports Batch of —> 00
Camera Feeds ../ \
" INTELLIGENT SYSTEMS 5
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Scaling — Next Steps

= Extend batch processing beyond detection,
tracking, and geolocation.

= Capabilities beyond above rely largely on
serial CPU processing, forcing use of multiple
docker containers to scale out number of R croeon

HIGHWAY
@camera feeds.

3 N ¢ »
oy
@
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Refining Homography Mapping

500 1000 1500 000 1] 100 200 00 400

* Working with broader range of cameras, it became clear better
tooling to build robust homography maps at scale was necessary.

* The number of keypoints used in building homography map had
significant impact on ability to generalize across the entire field of
view.

" INTELLIGENT SYSTEMS
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