Why we need data infrastructure and tooling to further access to mobility & transportation equity

The goal of the session is to foster a meaningful dialogue on open, multimodal,

interoperable accessibility-first transportation data sharing platform, data tooling, and open
API's.

Provide hands-on experience using our prototype of the proposed system.

Transportation Data Equity Data Workshop:

Part |- The Transportation Data Equity Platform. Focus on Data CONSUMPTION.

Part Il - Hands on exercises (demo and upcoming Alpha)

https://tinyurl.com/TDAdvisory2
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https://docs.google.com/document/d/1SOn-IaeijIXtd-l9RGi4QJO-Hk-k_SGqhZciycdKj6E/edit#bookmark=id.zcnjyrgvhuk2
https://tinyurl.com/TDAdvisory2

TDEI Introductions

Anat Caspi,

Transportation Data Equity Initiative Development Lead
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2|8y TDEI is an ITS4US Project

IT'S TRANSPORTATION FOR ALL OF US

ITS4US is a multimodal effort led by the ITS JPO
Visit the ITS4US Deployment Program Website:

ITS Alu S https://its.dot.gov/its4us/



https://its.dot.gov/its4us/

https://tinyurl.com/TDAdvisory2

Brief Survey & Agenda

Anat Caspi,

Transportation Data Equity Initiative Development Lead
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https://tinyurl.com/TDAdvisory2

é_'é Agenda

e 10:00 am- introduction and welcome

e 10:10 am- Agenda and Brief Survey

e 10:20 am- Quick review on the purpose and mission of the TDEI
project

e 10:30 am- What is the TDEI platform, and how does it support data life
cycle for transportation data producers & consumers?

e 10:45 am- Walkthrough & Exercises of issuing a TDEI transportation
data consumption API call

e 11:15 am- Data Consumer discussion.

ITS4US




Review:

Mission and Vision of TDEI

T Aot
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Why iIs Data Infrastructure linked to
Transportation Data Equity?

transitequity.cs.washington.edu

ITS/ lUS

'S TRANSPORTATION FOR ALL OF US



https://transitequity.cs.washington.edu/

O

Today's Session

e Data Equity Gaps and how they connect to open, shared data
o What are some data producer pain points?
o What is motivating our Tools for Intelligent Transportation work?
m (lack of) Data Sharing and Distribution infrastructure Tools
are Blockers to Transportation Data Equity
m Active data use drives better & more data
m [f you're not measuring it, you'’re not managing it
e Data Equity Initiative- proposed system
o As a data consumer, how can I apply these ideas?

ITS4US




TDEI Objectives

Create, improve and extend data formats to describe sidewalks and footpaths in the built
environment

Create, improve and extend data formats to describe pathways through transportation
stations and hubs

Create, improve and extend data formats to describe on-demand travel services

Create and deploy a federated data sharing, management and distribution platform with
open API's for sidewalks, transit pathway and on-demand transit data

Publish and maintain for 5 years data infrastructure for six U.S. counties

Deploy mobile applications and experiences consuming standardized data that
demonstrate the versatility and scalability of the data infrastructure

Reach goal: Deploy planner dashboards consuming standardized data that demonstrate
the versatility and scalability of the data infrastructure

ITS4US

IT'S TRANSPORTATION FOR ALL OF US




The experience of federated data producers for low
resource data is important

Legal and policy barriers
Cultural barriers
Institutional barriers
Resource constraints
Lack of incentives

Data Silos and legacy data OpenStreetMap
Void in Data Stewardship

Technical barriers

O R

9
ITS4US
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\% TDEI Principle 1

Behind every useful mobility app is a complex
data pipeline. To provide reliable & intuitive
travel discovery and directions, public

agencies and private companies need shared
data and tools to represent all travel
environments and services.

ITS4US
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\% TDEI Principle 2

Reliable, objective, detailed consistent,
standardized shared data and tools can
enable neutral data analysis, to better

understand travel barriers, and to improve
data-driven resource allocation.

ITS4US




TDEI Principle 3

All individuals and the public should be empowered through high-quality,
well-distributed mobility data to find, access, and utilize high-quality mobility options
that meet their needs as they see fit, while maintaining their privacy.

Mobility data is critical to helping the public make mobility decisions
Interoperability helps mobility data get where it is most needed

INTEROPERABILITY = the ability for software or hardware to communicate with other
software or hardware using open standards

ITS4US

IT'S TRANSPORTATION FOR ALL OF US
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How do I know the TDEI will help me publish & maintain data within
my institutional constraints?

Data "Here's how to -
Consumers traverse /‘ @ Branching )
this sidewalk" e
E' ,/ Global commons(
4 Q
i *
el 5 Full data sync
- Department of
LN ~ 1 . Transportation
Public \y GIS / Y New data =" Partial data sync
"This sidewalk Planning®
is broken by a "This \

tree root"

Smart
Cities
"This sidewalk is
probably wet"

sidewalk is
accessible"

=

Transit \
Providers \
"Here is an accessible \
sidewalk + bus route"

Planning

New data="" A

Views 4&

\
CAD Data &

\S

Translation layer

J

Bolten, Nicholas, et al. "A pedestrian-centered data approach for equitable access to urban
infrastructure environments." IBM Journal of Research and Development 61.6 (2017): 10-1.

ITS4US
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What is the TDEI platform,
and how does it support
data life cycle for
transportation data

producers & consumers?

Bill Howe,

Transportation Data Equity Inl'élatlve System Development
Lea

) At

TCAT i




Lack of Transportation Data Infrastructure to Support

~— Standards G%

Fleet & RideShare

Interoperable Integrated
Transportation Data
Sharing Layer & APIs

\Public Transport:
Fleet & Fixed Route
Service Data

All Data
Stakeholders
need consistent,
high quality data
they can trust

O Profile Data, Eligibility,
Incentives, Payment Data,
Location & Trip Traces

Paratransit, Community
Transit and Other

L]
Demand-responsive g
Travel Modes Pedestrian
Infrastructure
« App Use Data

- System Q_g % Job E_
Perormance m —_ @ —
i Metrics A A A
A |- « Traveler Data Real-Time Traffic Infrastructure Transportation & Mobility Apps
Ia w Management Investments Urban Development

IT'S TRANSPORTATION FOR ALL OF US
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Some Data Stakeholders
need reliable &
consistent data release
management, security,
licensing & governance
of data they can rely on

ITS4US

IT'S TRANSPORTATION FOR ALL OF US

0 Lack of Transportation Data LifeCycle Support

- To next release

Edit,
Use, Reuse,
Analyse Maintai

n

Security
Governance

Archive,
Destroy

From prior '

release Image credit: IDMF data management lifecycle

Organise,
Store

Create,
Capture &
Collect

Repository or
destruction



\% TDEI Partners
w CAMBRIDGE i StUdIOpBC'flca

SYSTEMATICS

Google  E=micosor  G*ussian Solutions

Oregon
Department
of Transportation
4 "4 | R —
asnin on ale
- " Department of Transportation

MARYLAND DEPARTMENT
OF TRANSPORTATION

- B
Fon. S,
P~

U 3
2=
s
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¥ /3n
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)

T
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Transportation Data Equity
Initiative (TDEI) platform

Bill Howe,
Transportation Data Equity Initc:jiative System Development
Lea

T At

TCAT



Extensive and High Quality Data is the key

The success of downstream applications like AccessMap,

Find-A-Ride, etc rely on the ability to produce, access and

consume extensive and high quality data about the built
environments in a standardized format.

ITS4US




In every field of science, with varying degrees of specificity...

“upload any file format”
(2M articles, 800k uploads)

= strict metadata standards;
\ ° Pangea $350M infrastructure project;

~0 datasets ever uploaded

;figshare ® SEEK for Science @ChOrUS
Data®N\E &) & =ZUSGS

./ \J) Data Observation Network for Earth center science for a changing world

L I m
DRYAD ala NC JoR li\\g caBIG

[OVIVIINIUR@EOEY i Sene Expression Omibus |

constraints in format, metadata, quality

(promised) capabilities, automation

ITS4AUS
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\% Challenges in obtaining High Quality Data

e Lack of data standards for representation of accessibility related
data elements

e Lack of collaboration tools to quantify, validate and enhance the
quality of data

e No single place to get aggregated data. Each agency has their own
data representation and end point

e Lack of confidence in the available open data sources

ITS4US
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215y TDEI: Collaboration Platform for producing and

consuming information for complete trips

e Enhance new and existing transportation data standards
through a multimodal, accessibility-first approach

e Eliminate barriers to free/secure flow of accessibility-first
mobility data

e Empower mobility data producers via tools and easy to use
data infrastructure to support the full data lifecycle

e One stop data repository to seamlessly consume data with no
regional bounds

ITS4US




i Tools to validate the

Tools to visualize

. Tools to convert !

i proprietary data into ! data and edit the data

.. standard format ___| N P
\\ \\ % \\\ ". Data in standard format ',::,/’/

O ) “a & ‘I =(Data Visualization Tool%
\
—_— I b | L
GO ;

~
Producer 1 Connectors
Data & Schema Validators

a — j -

A

~\
Confidence Score Consumers
Preducer2 Calculator Central re, ‘anory N
N N
. J B NN
(Y | A \\ ~
B ,' \\ I\ s
4 \ I \ S N
1 N ! \ e N
1 \\ 1 \\ \\
! S I \ S
: ‘\ _____ ! LS S o

_____________________

Service to compute

ITSng_US thectc;]réﬂéiaetr;celn

IT'S TRANSPORTATION FORALL OFUS ‘== === == = — — —m o m o —m—m——m—— = !

Central database for
all the data versions

Data joins for
various applications

____________________________
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Deployment Details of TDEI

>

TDEI Virtual
Networks

®
A

Integration
Service

Schema
Validation

Data Validation

-
r User
Management
User Service
Management \ ms-data-upload- ms-schema- ms-data- ms-integration-
Portal A topic validation-topic i validation-topic topic
N 0000 | it b e mrme e T TR S e
1 \ Y
! /— ms-compute-
I .
\ confidence-
O ‘ ‘ ( o
= - e e C - &
Clients ;’) s (s Data service ms-confidence- Confidence
API Gatewa\ 2 i \
of £ score-topic e
4
a

@ B

Logger service

Postgres +

PostGIS Blob Storage

Per file type Infrastructure

Simplified Deployment Architecture of TDEI
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TDEI Components

TDEI Platform

' ™ N R

TDEIWorkspaces TDEICore TDEIQuery

API (Edits, 0SM  |[ API(UserMgmt, ||  API(Bbox, Join,

Integration) U Datasets, Metadata) JU Conflation)
TDEI Tool Ecosystem TDEI Deployment Applications
: RAPID AccessMapMultiModal |
: OSW TaskingManager Walkshed Analysis ‘
: GolnfoGame Audiom |
, GTFS Pathway Editor

ITS4US ‘ ’
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é_'é Deployment Details of TDEI

e C(Cloud Native development using microservices and event bus architecture

e Each functional unit implemented as a microservice; microservices
communicate through event bus

e Modular, Scalable, Reliable, and high available system architecture

e Functional code is open source; deployment in Azure

e One of the few DoT sponsored projects to use the modern microservices
software development architecture principles and agile development

e Data traceability, System Monitoring and Performance measurements

ITS4US
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S5y AP & User Management

Authentication ~
{ /api/vl/refresh-token Re-issue access token & v ]
{ /api/vl/authenticate Authenticates the user to the TDEI system. 2 v ]

osw N
[ /api/vl/osw Listosw files meeting criteria. |V ]
[ /api/vl/osw Path used to upload/create a new osw data file. ﬂ v ]
{ /api/vl/osw/{tdei_record_id} returns a geojson osw file & v }
{ /api/vl/osw/versions Listavailable OSW versions 2V ]

GTFS-Pathways ~
[ /api/vl/gtfs—pathways Listpathways files meeting criteria. 8V }
[ /api/vl/gtfs—-pathways create pathways file & v }
{ /api/vl/gtfs-pathways/{tdei_record_id} returns a gtfs_pathways file Y% ’
[ /api/vl/gtfs-pathways/versions Listavailable GTFS Pathways versions 8 Vv ]

ITS4US
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E!—:

Welcome!

Please login to your account.

Email Id

Enter Email Id

Password

Enter Password

New to TDEI? Register Now


https://tdei-api-gateway-spec-stage.azurewebsites.net/
https://tdei-usermanagement-front-end-stage.azurewebsites.net/login

A Project Groups, PoCs, Services, Users

WSDOT PG

1
1
...............................

..............................

Bellevue OSW Downtown
— E OSW

| (o) onensen] [ 35 |

Service Service

Legend

Project Group
OpenSidewalks Area

Flex Service

data
consumer 3

Project Group PoC

I Ts é!L U s TDEI data consumer

IT'S TRANSPORTATION FOR ALL OF US



POST /api/v1/osw

Parameters:

collected_by
collection_date
collection_method
publication_date
data_source

polygon (geojson, optional)
osw_schema_version

ITS4US

IT'S TRANSPORTATION FOR ALL OF US

Producer API - OpenSidewalks (OSW) Upload & Download

GET /api/v1/osw

Parameters (all optional):

beX path usmg ﬂ(aossmg — j =
- . i — manked true, &—°

tde|_0 rg_ld == Zfc Sideul

date_time : :

osw_schema_version

e smlewa‘l

5 e 2 1o L | ; R o 4
= , — sidewalk:
: _ tactilel guide=right
S Idewalks width change #




\% User Management Front End

Allows your organization / agency to:

Register Users

Assign a Point of Contact for your
organization

Designate who can upload data for
your organization

Manage Users

ITSAUS

'_:

(1>

Welcome!

Please login to your account.

Email Id

Enter Email Id

Password

Enter Password

New to TDEI? Register Now
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Questions?




Creating Common
Transportation Tools

(or: why not just a data
feeds hub?)

) At
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A o
2|8) Clarifying release governance

e All producers can:
o Govern releases
o Govern archives and versions
o Using common tools, perform data audits and
visualize history
o Federate their own data licensing

ITS4US



ATR :
Consumption at scale

e All open API consumers can:

o Perform daily scrapes
Create direct visualizations
Build pipelines to consume only federated releases
Perform data ‘joins’ for data integration and flexible applications
Perform data ‘joins’ to allow for specialized, one-off analyses
Use QGIS plugins for direct data consumption

O O O O O

ITS4US




Vision for producers

e All mobility data producers can:
o Use public data within their agency/municipality and about
other agencies/municipalities
o Use public tools that assist them in collecting, vetting and
maintaining their data
o Use open data formats, and “walk the walk” on data
production with ease

ITS4US




AR (g s
Vision for consumers

e All transportation data consumers can:

o Seamlessly consume data with no regional bounds without needing
manual intervention or connection strings

o Easily create innovative travel products using open standards

o Can implement visualizations, analytics, prioritization schemas,
travel apps and service discoverability

o Aggregate multimodal data for various modes and formats

o Conduct comparative analyses of travel networks

o Conduct powerful analyses and comparisons of mobility systems

ITS4US




NI : :
Practical questions from consumers
— Jupyter notebook

https://tinyurl.com/otp24-tdei-demo

Data consumers want to:

Find all datasets available for a region via bounding box
Download a given dataset in osw format

Edit a dataset using osm tools, without downloading

Allow collaborators to edit a dataset in GoInfoGame

Allow collaborators to edit a dataset using RAPiD + esri backend
(Discussion) Join two datasets to enrich metadata, conflate, etc.

O Uk wWN -~ o

ITS4US
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\% Practical use cases from stakeholders (1): Data discovery

As a data engineer at...

Sound Transit...
Seattle DOT...
Washington DOT...
King County Metro...

I want to see all available data in the Seattle region

ITSAUS



NI , .
\% Practical use cases from stakeholders (1): Data discovery

General

GET /api/vl/datasets List Dataset files meeting criteria.

/api/vl/jobs Listjob details.

(= R
' GET i/vl/datasets List Dataset files meeting criteria.
/I {- /apil/vl/datasets g

GET

/api/vl/services List Services

GET /api/vl/project-groups List project groups

GET /api/vl/api List available APl versions

11 94:UO
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\% Practical use cases from stakeholders (2): Data access

As a data engineer at...

Sound Transit...
Seattle DOT...
Washington DOT...
King County Metro...

I need the current OSW Seattle sidewalks data

.. to join it with a surface disruptions to understand and cost
needed access improvements for trainstation walksheds

.. to redistribute disability parking spots along sidewalks
.. to understand who has access to transit

/i .... to determine alternative paths to scheduled system
ITSAUS P Y



Datasets

Here are the list of datasets available

& My Project Datasets [:z] All Released Datasets

Search Dataset Type All Status = All

Dataset Name Type

Pathways Upload testing Stage Test

g Uploaded at : 4/25/2024, 11:39:45PM | V1.0 Pathways
Id : 32c48b13233c4a9ab5dc59ed83b53948
TDEI - Bellevue OpenSidewalks Dataset

g Uploaded at : 4/25/2024,2:04:23PM | V1.2 osw

Id : bf3d4f10038444a4b0e7dca5acee3e64

ITS4US

IT'S TRANSPORTATION FOR ALL OF US

Collection Date

10 Feb 2019

26 Feb 2024

Status

Released

Pre-Release

AW .
2|8 Practical use cases from consumers (2): Data access

Upload Dataset

(&) Sortby 1=

Action

Open in workspaces

Open in workspaces
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h Practical use cases from consumers (2): Data access

osw ~
‘ /api/vl/osw/upload/{tdei_project_group_id}/{tdei_service_id} upload a pre-release of OSW dataset. |V }
[ /api/vl/osw/publish/{tdei_dataset_id} Publishes the OSW dataset for the tdei_dataset id B ‘
‘ /api/vl/osw/validate Validates the osw dataset. |V ’
‘ /api/vl/osw/convert OSW reformatting on demand |V ]
‘ /api/vl/osw/confidence/{tdei_dataset_id} Initiate Confidence calculation for a dataset a8V ’

‘m /api/vl/l
= ’a"i’“i GET /api/vl/osw/{tdei_dataset_id} downloads the OSW files as zip
|

[ POST /api/vl = Iven a dataset tdel_dataset_id returns the subgraph within a given bounding DOX. ]
‘ POST /api/vl/osw/dataset-tag-road Given a target dataset, tags the sidewalks with the road network from source dataset. Y y

ITS4US
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\% Practical use cases from consumers (2): Data access

curl -X'GET"\
'https://tdei-gateway-stage.azurewebsites.net/api/v1/osw/612ca2abacf148e2bc389f0b3c79ba77
?format=osw' \

-H 'accept: application/zip' \

-H 'x-api-key: 7cd7d8c5-18aa-4dbe-91cc-c32ef6eee26c' \

-0 bellevue.zip

ITS4US
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2|8 Practical use cases from consumers: Editing

As a data analyst at...

Sound Transit...
Seattle DOT...
Washington DOT...

King County Metro...

(3) I want to edit TDEI data using the OSM ecosystem and
re-upload as a new version

(4) I want to empower collaborators to curate data in the field

(5) I want to empower collaborators to ingest data to OSM

ITSAUS
IT'S TRANSPORTATION FOR ALL OF US



AR :
Practical use cases from consumers (3,4,5):

Synchronize with other dataset (including with general OSM)

° o

o
L7 oS o
e o

/\/Q \N NI 2/
~ Vg
. ] ) - -
/,,,/ ‘M /\/ - _E:
- ESRI RAPID OSM ; ~
Feature stack
) Service
AN o]
R 7% Private
> /1 OSM stack

TDEI Core
repository } [ e

Workspaces
ITSAUS
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https://drive.google.com/file/d/1VjvdMSdp92CqeFBxzKm-T8xs2jABWzt0/view?usp=drive_link

NTF : :
\% Practical questions from consumers

RAPID EDITOR

ITS4US



https://rapideditor.org/edit#background=Bing&datasets=fbRoads,msBuildings&disable_features=boundaries&map=14.00/-31.4/83.0&poweruser=true

Self-Serve Integration and Analytics Example: SidewalkScore
Quantifying equitable reach in sidewalk infrastructure

Effective e Leverage the OpenSidewalks standardized
transportation pedestrian network
analytics

e Create mobility profiles that describe pedestrian
preferences for steepness, crosswalks, & raised curbs.

e Generate walksheds for a particular mobility profile and
compare it against the street network.

e (alculate the fraction of space reachable on the
sidewalk network versus the street network for a
given pedestrian profile.

CCCCCCC ’ E TRIP
ITS éI’LUS @ U.S. Department of Transportation 49
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High walkscore
(green background)

SidewalkScore \

interpretation:
Low sidewalkscore ; 1: On par with
(red network) \ - street network
. TR 0: much worse
Effective n-<i than street
transportation \ e 3 network
analytics: e R T |
| 1= .II:F [ sidewalkscore_walk
Bl Rl | '
. [T L T 0.75
Pedestrian m=piny
network T -

“sidewalkscore” | (o =L -
IL

Y e i
) g
| L o
| | ‘N | I e - i i i
i B

R =s | L\ Vi
e T e s Walkshed for
— A unconstrained
Why? No accessibility U Qe pedestrian
features; aging built "f;i ML B\ Y,
ITSAUS environment; freeway | A %%,’a”m:;‘;;fggf?gjp°”a“°" 50
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Effective
transportation
analytics:

Pedestrian
network
“sidewalkscore”

COMPLETE TRIP

ITS4US

High walkscore
(green background)

Decent sidewalkscore

green/red network

Why? Recently developed; E'm[ A

i::

significant improvements it

.
w%%J

AR l,]ﬁartmentofTransportatlon 51

SidewalkScore \
interpretation:
1: On par with
street network

0: much worse

than street
network

sidewalkscore_walk

Walkshed for
unconstrained

pedestrian

\_
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Where does necessary information come from?

4 ) .
Data Trained mappers Autolmfated Digital
Integration MAARAEAE
(High qualgy(/;,atlneu)t difficult to e, cetalia mesen:
autonomous vehicles)
& RN /
4 Legacy data from N\ [ Opportunistic Passive )
previous efforts Observation
(e.g., crowdsourced video,
(may be out of date, usually GPS traces. Expensive;
special purpose, may be coupled to collection and
\_ encumbered, sparse) / \_difficult tointegrate) )
Ifgz,iml;s @ U.S. Department of Transportation 52
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Where does necessary information come from?

STRAVA  Dashboard \,  Training »  Explore

=3 -0 o

Q_ Interlake Hi hsjhool 16245 NE ... ¥ Rhs >
Data
Integration
(standardized, biased towards fitness enthusiasts)
|'|:c§u:ﬁ:ﬂ:;s @ U.S. Department of Transportation 53
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Where does necessary information come from?

Speed Limit Reduction near Tyee Middle School - Future

Data
Integration

Neighborhood streets highlighted in yellow will have their speed
limits reduced from 25 to 20 miles per hour. (Credit: City of
ITSAUS Bellevue)

(attached to roadwayv. not pedestrian routes)


https://bellevue.legistar.com/View.ashx?M=F&ID=10673252&GUID=084BE4AB-AE19-498E-BF3C-B6B34B7606A5
https://bellevue.legistar.com/View.ashx?M=F&ID=10673252&GUID=084BE4AB-AE19-498E-BF3C-B6B34B7606A5

Where does necessary information come from?

Data
Integration

GPS Traces from Open Street Maps (Credlt OSM)
(attached to roadway, not pedestrian routes)

COMPLETE TRIP
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Data
Integration

COMPLETE TRIP

ITS4US

Where does necessary information come from?

Gehl Analysis considers
walkability from the
perspective of resident
pedestrians: 12 criteria
in 3 categories:
protection, comfort, and
enjoyment.

GEHL ANALYSIS SCORES IN NORTHEAST BELLEVUE

Site Three "

Legend
{j Neighborhood Boundary
D Gehl Analysis Sites

Gehl Analysis Score

i, HERE, Garrin, © OpenStreetMap contributors, and the GIS user community,
N oA i, HERE, DeLorme. Mapmyindia, © OpenStreethap contributors, and the GIS
s, Data Source: City of Bellevue

0 0.25 05 1

SOPHIA NELSON

nsportation

11O vV ivyrainn wvinCe
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Data
Integration

COMPLETE TRIP

ITS4US

Where does necessary information come from?

. OpenStreetMap Edit | - | History | Export GPS Traces User Diaries Communities Copyright Help About [ Login | SignUp ]
P. &1
Search Where is thie? m m + = 1 .
= 3 Map Layers
x I=0 = _
Query Features n ; pr— [
7 g| § Bellevue £ Ganena: 2
Click on the map to find nearby features. Z| # + 600
i\ 2 Doxa Church a J————
H Cyclosm =
Nearby features 3 i = 7 Eg Hg
2 Ry n - T L/
Building Bellevue Galleria g i e 2 o g
il { — Cycle Map gﬂ
Service Road #436495005 8 B : — Northeast 6th Street e i
a
- & ‘ i €5 B Transport Mah SHECSiEvrey
Service Road #436495033 B, | Northeast 6th Streste ransportMap e
Footpath #449287360 ‘ e -
o \ a u Tracestrack Topo
Footpath #607806445 ¢ 2 - s I
E| < ellevue = . = a
Foolpath #851738461 L Ssilenia T 2t g e
i s & * E Humanitarian
Footpath #851738463 2 - % | Lo A 2y = =
z T \ ~
Footpath #851748806 3 Fist e [
= e rec! Enable overlays for troubleshooting
Footpath #851748807 g o Une the map
] '
Steps #851748808 2| s00 € Map Notes
"‘ * Map Data
Retail Building #1214423763 & Bz N Public'GPS Traces
= First
" Waigzsens o) s =
Enclosing features : 3 - e 3
City Boundary Bellevue S 0 THIRA S 2
ES Viealn e g
c 181 4 Z
ounty Boundary King County Bl WaFg Bank Fizatatomers S
L g
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Where does necessary information come from?
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Locations of Surface Disruptions (City of Seattle)
(raw locations, not associated with pedestrian routes)
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Where does necessary information come from?
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Read Models: Integrations of Multiple Datasets to
support Routing and Analytics (Credit: AccessMap)
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Figure x: Using the new cost field to visualize sidewalk issues
in the walksheds. Only sidewalks with observations included
in the cost function are highlighted.
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Integrating Heterogeneous Data Enables Analytics

The value of a data repository scales
quadratically with the number of
datasets it holds due to network effects
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Integrating Heterogeneous Data Enables Analytics
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Integrating Heterogeneous Data Enables Analytics
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Integrating Heterogeneous Data Enables Analytics
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Integrating Heterogeneous Data Enables Analytics

Data > ;:
Integration .
’ \ F SR SN / SN
Risk analysis | Cost analysis
Specialized Read Models Python: computational geometry

+ metadata harmonization +

ccessmap + Customizéd, per-customer

Y - One-off, relies on in-house
engineering talent, coupled to specific
lications Iike‘RCceesJ)@
‘ /

Map Layers
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Integrating Heterogeneous Data Enables Analytics

—

TDEIQuery

Abstract and
generalize common
patterns for
server-side integration

Sidewalks =
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20+ Use cases for joins, integrations,
conflation, unions, analytics, computational
geometry, imputations, etc.,

Exploit common patterns to generalize and expose
through self-serve APIs backed by spatiotemporal
joins in scalable query languages
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