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Our Mission

DESIGN, BUILD, & STUDY INTERACTIVE
TOOLS & TECHNIQUES TO ADDRESS
PRESSING SOCIETAL CHALLENGES



MAKEABILITY LAB

FOUR FOCUS AREAS

ENVIRONMENTAL HEALTH ACCESSIBILITY STEM
SUSTAINABILITY & WELLNESS EDUCATION
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ACCESSIBILITY



ACCESSIBILITY

How to...

make the physical world more
accessible for people with disabilities







LOW-VISION PARTICIPANT
WITH AR GLASSES







MAKEABILITY LAB

SOUNDWATCH: REAL-TIME SOUND REC FOR DHH

Jain, D., Ngo, H., Patel, P., Goodman, S., Findlater, L., Froehlich, J. E. SoundWatch: Smartwatch-based Deep Learning Approaches to Support Sound Awareness for Deaf and Hard of Hearing Users. ASSETS'20; CACM'22
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.~ HOW-CAN WE TRANSFORM ACCESS TO.THE BUILT ..o\
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ENVIRONMENT USING HUMAN+AI TECHNIQUES? - -
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How can we...

develop scalable
solutions that assess,
analyze, and map the
accessibility of
sidewalks?







_.>ource: https://americanhistory.si.edu/
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https://americanhistory.si.edu/blog/smashing-barriers-access-disability-activism-and-curb-cuts




ﬁ_ _ _' by f=) N
WHAT S THE ACGESS PRUBLEM HERE?
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How do Inaccessible sidewalks
impact human mobility?
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https://youtu.be/mT9n221dILs

THE PROBLEM IS
NOT JUST A LACK
OF ACCESSIBLE
INFRASTRUCTURE  §

A LACK OF DATA




The National Council on Disability notes that
there is no comprehensive information on
"the degree to which sidewalks are
accessible” in US cities.

National Council on Disability, 2007
The impact of the Americans with Disabilities Act: Assessing
the progress toward achieving the goals of the ADA




BACKGROUND

STUDY OF OPEN DATA ON SIDEWALKS

178 US CITIES

4% OPEN STREET DATA
20% SIDEWALKS e
10% GURB RAMPS e

<b% BASIC ACCESSIBILITY INFO



BACKGROUND

TRADITIONAL ACCGESSIBILITY AUDITS

Walk Audit
[ ]
I o o l K I t A self-service guide for assessing
a community’s walkability

Worksheets available at

AARP.org/WalkAudit ; ' e i 3
Safe Routes to School Walkability Audit

Walk Audit Toolkit Walkability Audit
AARP Wake County, North Carolina Rock Hill, South Carolina




BACKGROUND

TRADITIONAL ACCGESSIBILITY AUDITS TRADEQFFS

Provide high-quality data but...
_aborious
-Xpensive

nfrequent

Top-aown

Walkability Audit
Wake County, North Carolina

Where does data go?



BACKGROUND

SIDEWALK AUDIT SEATTLE

First-ever sidewalk audit in 2017
Took ~4 months

Cost $400,000

Has not been repeated

Sidewalks valued at $5.6 billion

Mayor jenny A. Durkan

Seattle.gov Q search = Menu

Seattle Department of Transportation

am Zimbabwe, Director

Permits and Services

About SDOT  Getting Around Projects and Programs

(B > Home > About Us > Asset & Performance Management v

Organization Sidewalk Assessment Project

V Asset
Management With a replacement value of over $5.6

Sidewalk
Assessment
Project

> Funding

t also produced
ill help inform repair
s and develop a proactive repair

Document
Library

> Office of
Equity &
Economic
Inclusion

Policy and
Operations
Advisory Group

https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project



https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project
https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project
https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project
https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project
https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project
https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project
https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project
https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project
https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project
https://www.seattle.gov/transportation/about-us/asset-management/sidewalk-assessment-project

We are pursuing a two-fold solution
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MAP, ASSESS, & VISUALIZE
EVERY SIDEWALK IN THE
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URBAN ACCESSIBILITY

RESEARCH TIMELINE
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http://dx.doi.org/10.1145/2513383.2513448
https://makeabilitylab.cs.washington.edu/media/publications/Hara_AnInitialStudyOfAutomaticCurbRampDetectionWithCrowdsourcedVerificationUsingGoogleStreetViewImages_2013.pdf
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First Code Commit on GitHub
PhD Student Kotaro Hara, July 17, 2015
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https://doi.org/10.1145/2470654.2470744
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http://projectsidewalk.org/
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LABEL SIDEWALKS

Collect geo-located sidewalk assessments oo

RB RAMPS

PREPROCESSING
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POSTPROGESSING

Prepare data for apps

Raw Labels

Oo
< \> ? —> o
Y o
o
Remove poor- Geo-cluster
quality labelers  proximal labels

Label Clusters

APPLICATIONS

Analytics & mobility tools

AccessScore
z
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3
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—_— 1
] Missing Sidewais ]

—— | 3

Sidewalk Segments

ADA Transition Prioritization

Gallery

city

Newberg, OR

Filter By

Label Type
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OUTCOMES

Research to translational

Research Translational Impact

oasm:le in Path Canada

8o

©
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sct Sidewalk, multple ¢

ether are grouped toge

saction beiow
Venezuela
Colombia
Ecuador
oquivatent to 5ee the differance

Peru

Paraguay
Chile

Uruguay

Argentina

a from all regions in the city or just

Greenland

Iceland

Ki

Morc

Mauritani

Senegal

(A Overview

Open Data / Source

= O ProjectSidewalk (o]

[ Repositories 36 [ Projects 1 @ Packages At Teams 2 A People 20 |

Project Sidewalk

dsourcing, artificial

Qur mission: map and assess every sidewalk in the world using remote

* -
Siogwh” A 27 followers () University of Washington, Seattle, WA @ httpy//projectsidewalk.org X @projsi
README . md
Welcome

This is the open-source repository for all things Project Sidewalk. Our mission is to develop advanced technique
world's sidewalks using remote crowdsourcing, artificial intelligence, and online satellite & streetscape imagery.

Some links to help you get started:

* Our Project Sidewalk Wiki

« Considerations fol

feploying Project Sidewalk in your city

* The Project Sidewalk webpage repo

= Qur design repo

Pinned

B sidewalkWebpage Public [ Design Public

design files for brand

Sidewalk web page

Yror ¥ w1
H Repositories
Q Find a repository. Type ~ Language ~

SidewalkWebpage  Public

Project Sidewalk web page

froa SMT ¥ 27 (O3 [ 14 Updated 2 days ago

Design  Public

Stores design files for branding and logos

w3 ¥1 @2 1o vy

sidewalk-auto-labeler  Public

w1 Y0 (o0 N0 UpdatedonSep1l

sidewalk-validator-ai  Public



PROJECT SIDEWALK
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LABEL SIDEWALKS

Collect geo-located sidewalk assessments @ CURB RAMPS

Streetsape ) VALIDATE LABELS
agery AFls . e A Quality control
% " - Validation Missions
' Community Partners A Is this a Surface Problem? a8 IS

Labeling Missions

Meta Mapillary

Google Street Vi
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CURB RAMPS

Labeling Missions

|

o Ny ) . m—
@ - ’ GQ* T & ) MISSING RAMP

Explore Curb Ramp Missing Curb Ramp Obstacle in Path Surface Problem No Sidewalk Marked Crosswalk  Pedestrian Signal Other

=) SURFACE PROB

0BSTACLE

AR

‘@ NO SIDEWALK

& CROSSWALK

Do you see any unlabeled problems? If not, -
N Turnleft

GOOgle JU' 2018 o © 2025 Google | Terms | Report a problem
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Barriers




+ June 17,2002 - The Board releases et guidelines for public comment.
+ January 10,2001 - The Public R o
+ October 20,1995 -

*u,s.mm

Public Right-of-Way Accessibility Guidelines

About the ADA and ABA Accessibility Guidelines for
the Public Right-of-Way

The Access Board has published new guidelines under the

Barriers Act (ABA) that address access to sidewalks and
streets, crosswalks, curb ramps, pedest

1 signals, on-street
parking, and other components of public right-of-way. These.

‘peimarily for use by bicyclists and pedestrians for
transportation and recreation purposes.

Background

« July3,2024 - GSA OGP

+ February 13,2013 - The
rulemaking on public right-of-way.

+ February 13, 2013 - The Board
ight-of way.

« Decembers, 2011 -

« July 26,2011 - The Soard

Inthe Public Right-of Way

« March 28,2011 -

* Augusts, 2023 - The Board publishes final ule n the Federal Register

th Public Right-al-Way in ts

Guidetin
* August, 2007 - Public Rights-of -Way Access Advisory Committee (PROWAAC issues a special regort,
« November 23, 2005 - f
analysis

purpos acost

the Public Rights-of.

ommittee

Additional Resources

Individuals with
s of accosible pedestran InfastTuctEs for ind
Mapping review
Npca disalies
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environmental effects
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Helen Hoenig!*
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Explore

What do you see here? What label would you choose?

CURB RAMP LABELS SIDEWALK LABELS OTHER ACCESSIBILITY LABELS
/ Y, § y
_— - N see
Curb Ramp Missing Curb Ramp Obstacle in Path Surface Problem No Sidewalk Marked Crosswalk  Pedestrian Signal Other

CLICK OBSTACLE LABEL TYPE

r ‘q‘r ‘\*' 4 v'mu" . S




CURB RAMP LABELS SIDEWALK LABELS OTHER ACCESSIBILITY LABELS Ove ra “ Stats

‘.{ - N\, y o %. o5 0.97 miles
L w / / ;7> W L' i _;@,‘ 666 labels
3 @o 94.2% accuracy

Explore Curb Ramp Missing Curb Ramp Obstacle in Path Surface Problem No Sidewalk Marked Crosswalk  Pedestrian Signal Other

Current Neighborhood
Ward 3, St. Louis
@59 0.51 miles

Zoom In
.ﬁQi. 457 labels
Zoom Out Current Mission

Explore 500 ft of this neighborhood

Y S — " e - , - @,
e 0 curb ramps 2 surface problems

Sound a *
0 missing curb ramps 0 no sidewalks
O 0 obstacles 0 others
Jump
‘ i
Stuck
; Do you see any unlabeled problems? If not,
Feedback

7 f; _ 3 | : fl U turn

.

(= AN - f 15 1’. i ; - I
GQOgle f‘—PIC 1 . y A ) e © 2025 Google | Terms | Report a problem



CURB RAMP LABELS SIDEWALK LABELS OTHER ACCESSIBILITY LABELS Ove ¥a ” Stats

1. CHODSE LABEL SV BB AR

@0 94.2% accuracy

Curb Ramp Missing Curb Ramp Obstacle in Path Surface Problem No Sidewalk Marked Crosswalk  Pedestrian Signal Other

Current Neighborhood
Ward 3, St. Louis

g @59 0.51 miles

. a@,-. 458 labels

Zoom In

Q

Zoom Out

1. Add tags ©®

. @ (trge) (yegetation) (trasb/recycling can)
. ;,“ Cparked car (g)) Cparked bike) (consgruction) (sign) (staigs)
4

€ (height gifference> (ngrrow) (Iitter/garbage (x))

(parked scooter/motorcy_cle) (mailbox ([))

Current Mission
Explore 500 ft of this neighborhood

—
——
.,

2. Rate severity ® & 5
)) @ . 0 curb ramps 2 surface problems
Sound -’ "
Low Medium High 0 missing curb ramps 0 no sidewalks
O 3. Describe (optional) 1 obstacle 0 others
‘ Description
Jump

0 g | 5. FIND WHERE T0 60
g @ ON THE MAP

Do you see any unlabeled problems? If not,
p U turn

© 2025 Google

Terms | Report a problem Report a map error
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1. Add tags ®

(firehyTnt) m (trge) (yegetation) (tras_b_/recycling can)
(parked car @) (parked bike) (consgruction) Csjgn) (stai;s)
(height gifference) (ngrrow) Clitter/garbage (g))

(parked scooter/motorcy_cle) Cmailbox ([))

2. Rate severity @

© 6 @

ow Medium High

3. Describe (optional)

[Description ] (o)
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1. Add tags ®
‘:flre hydrant\:' m l;rtrge\), (‘yegetation‘) (trasﬁ/recycling cant,

V:parked car(g)i,‘ \:parked bike ‘ Iiconsgructlon\/ (sgﬁ / stai[s\)

(iheight difference T‘ ‘: ngrrow) "i\itter/garbage (g))
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1. Add tags ©® X

@ (yegetation) (trash/recycling can)
(parked car (g)) (parked bigeD (consgruction)

(height gifference> (ngrrow) (Iitter/garbage (1))
(parked scooter/motorcy_cle) (mailbox ([))
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Low Medium
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Medium
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Not passable
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% IMPASSABLE BARRIER!
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High Severity
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: .
Narrow + obstacle Points into traffic |

Not IéveI with street

Steep + obstacle Steep + narrow ""‘
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Collect geo-located sidewalk assessments
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VALIDATE LABELS

Quality control

Validation Missions

Is this a Surface Problem? 2l 2 sS




s this a Surface Problem? B & & . 391 aes

Zoom | Zoom Out

Current Mission
Validate 10 labels

Correct Examples
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X Disagree ') Not sure

[Add comment here... ]




Is this a Mlssmg Curb Ramp? s R Q. 1131

Hide Label Zoom In Zoom Out

Current Mission
Validate 10 labels

50% complete

CORRECT I\/Ilssmg Curb Ramp

© 2020 Gbogle Terms of Use | Report a problem
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THIS IS A DRIVEWAY,
NOT A CURB RAMP
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X Disagree
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90% complete

Surface Problem
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https://montgomeryplanning.org/planning/communities/midcounty/rock-spring-and-white-flint-2-design-guidelines/

ONLY MARK BARRIERS IN
THE PEDESTRIAN PATH

Pedestrian
Zone



https://montgomeryplanning.org/planning/communities/midcounty/rock-spring-and-white-flint-2-design-guidelines/

We also try to make Project Sidewalk fun and educational
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- O X
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[ Start Exploring ][ Start Validating j[ How to Label j[ Data ][ Jjonfroehlich = j

N Tenled) / T [ T i NN,
Your missions Distance Labels Validations Accuracy
'ﬁ v
v @;
140 2.03 mi 568 1249 90.7%
Achievements
Missions Distance

Congratulations, you've earned all mission badges!

.

Labels

Great job! 432 more labels until your next achievement.

2@ 2

Thanks for helping! 2.97 more miles until your next achievement.

Validations

Amazing work! 3751 more validations until your next achievement.

&l

500

-
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& Project Sidewalk - Leaderboard X & Project Sidewalk - jonfroehlich X | +

& - C & sidewalk-spgg.cs.washington.edu/leaderboard Q Y ’ » . :
é g‘lmD“EWALK [ Start Exploring j [ Start Validating j [ How to Label j [ Data ~ j [ jonfroehlich ~ ]
Overall Leaderboard

Leaders are calculated based on their labels, distance, and accuracy
# Username Labels Missions Distance Accuracy

1 mariana.velasco 2894 150 9.6 miles 85.3%

2 maria 1918 51 9.0 miles  89.1%
3 abarragan99 1895 81 2.7 miles 86.5%
4  marian.trevino 1543 66 9.4 miles  82.2%
5 dordaz 1483 46 3.5 miles 84.2%
6 Gerardo R 1274 86 54 miles  87.6%
7 mariagarza 1205 62 9.4 miles 87.2%
8 ana.alvarezc 1053 63 9.8 miles  84.8%
9 Gari01234 848 62 4.6 miles  89.1%
10  Luis Gonzalez 812 59 9.7 miles  94.1%

Want to make it into the Top 10? Start exploring!
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Can Al automatically find and label sidewalk features and problems?
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PERFORMANCE RESULTS BY LABEL TYPE

100% Recall: 48.9% UIST'14
Precision: 89.8%
20% (y=4)
.. 60%
Precision
Of everything
we found, was 40 & CURB RAMP PERFORMANCE
it correct?

Recall Precision
20% Al (SVM) 67% 26%
Humans 85% 89%

0%
0% 20% 40% 60% 80% 100%

Recall
Did we find all sidewalk features / problems?



AUTO-LABELING

COMMON FAILURES

False Positives

False Negatives

Curb Ramp Missing Ramp Surface Problem Obstruction Curb Ramp Missing Ramp Surface Problem

;-

. - OISy
58% Not on Path

/’" |

24% Tricky Angle  20% Not at Intrsctn  12% Lo

% Intersection 26% Crosswalk 35% In Radway

30% Greenery

Weld et al, Deep Learning for Automatically Detecting Sidewalk Accessibility Problems Using Streetscape Imagery, ASSETS'19

Obstruction




RESEARCH

AUTO-LABELING

HCIC'13

Exploring Early ions for A
lewalks in the Physical World using Google itr:et View

Kotare Hara, V
Depariment of Computer Scionce.
ko,

o, dccbe, o) o i

oria Le, Jin Sun, David Jacobs, Jon E. Frochlich

jor .

T gy
ol e raning <xample red catioe) frm GSY g

Abstract

Py mastaned sl mesing cuts s, nd e

Sccemstetey from caline map ey

Introduction

The lack of street-level accessibility information can have
u significant negative impuct on the ndependeece and
mobility of cizens (Nuerberger 2008. Thapur t al

ey

sidewalks can pose  significant  sccessibility
|

image (Hara, L Fredich 200)
ity coetrol

o e, Hre, v s on fvetipnin sk

e b veney of w‘ cudog (0 wegr:

. I
el pablons m, i crovdetring o
erifcatn; (R)view selection: suommicaly Woniymg
he

HCOMP'13

® Best Paper

ASSETS'19

Kotaro Har:
'Makesbitey Lab | HCIL e—
Deparemct of ComputerSocne University of Masyland
[ Sncotn e

I Study of Aut tic Curb Ramp
Verification using Google Street View Images
 Jin Sun’, Jonah Chazan’, David Jacobs’, Jon E. l'mellxh'

Deep Learnlng for Automatically Detecting Sidewalk
Using St

.m-,u' Aimll- Racks ot .u..z L

Ca ...pm Sucm( mesuy ;xumum ot Pn U "

Thour o et s e

s «

(GSV) images. Thix poste paper presests s find e 1
s combving aemed b (. o v

besed cush mmp detecion) e it

e s Lnprar o el sl of s e

Introduction
Although online maps and ro oritbms continue 1o
impeove—e.g. by providing pedestrian and bicycle navs
won —tbere is hitle work focused oo «ficiently
obtaining and ting accessibiity data ln previous
remots.

inpecion by cly it depmtmets o communty vl
thes

ABSTRACT
Recen ek s aoplid oo e
Ly i

ished o
Lended o cod-oer ol (25,01 n»up«vnuhi -

leaming mode, n i ot side by the rcenlyrelemed o, ey bve --n.;..m....,",:..gww ....,Mn

Goog! potemced. Nnncvn e toos have boen i by o
View (G \\‘)p.-\uln» Spoccaly. we mesigae vo - mall geographi

“To partially address these scalability issoes. researchers have

& machine learming and coline imagery (c.e

iesega
rescarch (Hara <t al. 2013a],
crowd workers could find, categoeize, and assess sidewal

15 eil we o ot workascould M cermibOy
peoblems with 93% accuracy; however, crowd work is, by
rature, labor inensive. Qv current explorations, thes, are
focused on imvestigating bow auiamared mcshods can be
‘combined with human competation to improve the overall

calabily, efficscocy. and quabty of our pprou)

Whsle we cxpect that compuler visson and
earning will provide. mulipl besefits ecloding loation
riaging, view sclecton, e adaptive workflows. i this
poser paper, we examine 4 singhe wse case: automatically
detccting acccaniblity fcatres in
verifcation atoremeionsd past work, we found
that labeling tasks were more time consuming than verfi-
cation tasks. Thus, in our work here, crowd workers simply
Venf resals rom an automatc curb ramp etecton algo.
i athe thae provide their o labels (Figsse 1). Curb
campe were seleted bt s of i visl e

s of theie

ignifcancs t cccesbilty (.. see (I Cicut 193]

Study Method
We fist crened  fest dtaset definod by two geographic
regions of imerest in Washingion DC:  0.7] k' sems-

Copmahe © 013, Awectutio brthe Advancemen of Aifcie el
e (v ). All g e

satel
,u..m.uu 1 anorumic srciscae imagry o1 32,39,

icanily improve on prior suloemsted methods and. in some

ned by 1
e et b ok g el
vmun\ely mpuc peforanc. [ s pper, e phobuyd

eaping wol %o (1) query the GSV APL (i)

Newral setworks, accessibiity, sidewalks, compuser vision

Keywords
in vl Viion b

courser thas the RGH image (S12x256 px; 0.15% of the ,mvrr\unr’m Tom widely salluble sieetcaps imagey. Ou

rete ground trl scarch
0. |m|qnnl:-ll|) oo e T In et

Foc onfdependence (7, qaty o Tt 0, and averall

g"wmnhdn-mlumnhxwﬂhnanl 203 o, v Ay n,,m_s m oot s, il vldrg crovdcorod bl

walk accessibiliy (23], ik Iumu .n... wility and dispro-

T Wheredocs & come fom? How s collored?
Traditionally. sidewalk, anits—ahich gacher data an the pres-
ence and of sidewalks—are pe

scross o two tasks (valication wnd labeling)?

(SN LSVM [Clang snd Lin 2011 priprod
pé ' o R2: What s the impact of additional, non-image related

it e Togge 2005 fom VL.Fes . For o de
: ek s e How docschcation scmacychange s  fcion

Har P ke el s o o ot bk b
al. 2013b]. To teain the chassifier, we wed 239 possive e sor
i oo e o e s Y

To address these questions, we trained two sets of deep con

arc used i our fest st 198 positive and 3762 negative). volutional neural nctworks using ResNet. 18 [13]

ASSETS 24

Towards Fine-Grained Sid k A ibility with
Deep Learning: Initial Benchmarks and an Open Dataset
Xinlei Liu" Minchu Kulkarni Michael Saugstad
W Al School of Computer Scieace  Allen Schial of Computer Scince
siegica@cweods University of Washingtan, USA University of Washingtan. USA
¥ chireiid
Allen School of Compater Science
Universiy of Washington. USA
Peyton Rapo Jeremy Freiburger Maryam Hosseini
University of Waskington, USA University of Washington, USA Uiversiy of Calfornia, Berkeley
ChuLi Jon E. Froehlich
p
University of ' thm‘ln-n usa University of Washington, USA
chuchubi@es.uw.edu Jonfes.uw.eda

° 0 w1 0
Figure sccessibiity
uneven, bumpy, o compone ”
Abstract (upsh maron, unevednded, e, and sign. We presces iwo
bt com

ofsidewalk sccesubily condiions in pre-<ropped strectcape im- P vision moseln, Meta's DINOYZ il OpenAT's CLIP-VIT. o
ages,includog bumpy, ricicobblesonc, craok, Aeightdiference 3 cleaned datast of ~21k images: second. an examination of &

TR— s 3 p

and prcall. such 3 missieg tacide warmings

dewal periment
2 Targer but e trlsing data can have &
detrimental clfes on perforssance. We cantribute an apen datuset
i chuesficatson berhimarks to abvance the mpartan s

r

CV4A11y'25

RAMPNET: A Two-Stage Pipeline for Bootstrapping Curb Ramp Detection in
Streetscape Images from Open Government Metadata

John S. O'Meara*  Jared Hwang®
Michael Saugstad”  Jon E. Imehlleh'
"Issaquah High School Iniversity of Washington

Stage One: Auto-Translation Stage Two: Curb Ramp Detection

Inpus

PR T ————

Figure 1. We from
P e b e [Reye—

View s

Abstract sencrared dataser, achieving state-of the-art performance.
To evaluate both siages of owr pipeline, we compare 1 man.
ually labeled panoramas. Our generated dataset achieves
94.01% precision and 92.5% recall, and our detection model
reaches (L9236 AP—far exceedin work, Our work
conribuses the first arge-scate. high-quatity curb ramp de-
tection dataser, benchmark, and movtel

Curb ramps ane eritical for urban accessibiliry, hur bty

g them in images remains an open problem due 1o

the fack of large-scule, high-qualicy datasets. While prior

work has antempied o improve daia availobility with crowl-
sourced ar mansatly labeted daa, these efforts often fall
shar in either quality or scale. I his paper, we inn

and evaluate a two-siage pipeline 1o scule curb ramp de- i

Iection daiests nd improve modetperformance. I Suge 1 L0TOdBCtion

1, we generute a dataset of more than 210,000 annotared  Curb ramps are criical 10 urban accessibility (24, 13 im.

Google Street View (GSV) panoramas by 2 e

iy Aw. data to pirel co- ple with mobility disabilites. However, information re-

ondinates in panoramic image: acurb  garding curb ramp location and condition is limited, mak.
o detcion mie (moded Comeks V2 o ing it difficult t0 plan and maintain accessible infrastruc



https://makeabilitylab.cs.washington.edu/media/publications/Hara_AnInitialStudyOfAutomaticCurbRampDetectionWithCrowdsourcedVerificationUsingGoogleStreetViewImages_2013.pdf
https://makeabilitylab.cs.washington.edu/media/publications/Hara_ExploringEarlySolutionsForAutomaticallyIdentifyingInaccessibleSidewalksInThePhysicalWorldUsingGoogleStreetView_2013.pdf

AUTO-LABELING

RAMPNET

Stage One: Auto-Translation Stage Two: Curb Ramp Detection
Input Generated Dataset Model Inference Model Predictions
Google Street View Unseen Panoramas

Panoramas

Government-Provided Curb
Ramp Locations

Latitude | Longitude

40.738454 -73.86564

, (N Curb Ramp Detection Model
- ConvNeXt V2

= L

214,376 panoramas; 849,895 labels Average Precision: 0.924

40.738494 -73.86547

O'Meara, J., et a/. RampNet: A Two-Stage Pipeline for Bootstrapping Curb Ramp Detection in Streetscape Images from Open Government Metadata. ICCV CV4A1ly 2025



£ X2 Gy
ﬂl

._«ﬁ‘,nl 4

"[,.mﬂ" :

I3

!

Lotilgl v

14
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LARGE TRAINING DATASET
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RAMPNET VS. PRIOR WORK
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INTEGRATING INTO PROJECT SIDEWALK

Stage One: Auto-Translation Stage Two: Curb Ramp Detection Stage Three: Integration Stage Four: Test Deployment

Input Generated Dataset Model Inference Model Predictions PrOJeCt Sidewalk Vancouver, WA
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Google Street View
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AUTO-LABELING

CONTEXTUALIZING RAMPNET PERFORMANGE
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AUTO-LABELING

More work needed for additional sidewalk features and problems

777 |




Al Labeler

A
Custom Trained /
//@T‘— ConvNeXt V2 -



Al-Assisted Human Validation

=3
A
Custom Trained ./
7\ Qb DINOV2
. v
Al Validation

D|sagree



Model Input
Unlabeled panos

Al LABELER

Custom Trained
Al Labeler

Model Output
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Fully labeled panos

Easier task

Al VALIDATOR

Model Input
Labeled crops

ST P

—

Custom Trained
Al Validator

Model Output

Label correctness?
Missing tag?



Towards Fine-Grained Sidewalk Accessibility Assessment with
Deep Learning: Initial Benchmarks and an Open Dataset
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@ Obstacle conditions (N=11) %z Crosswalk conditions (N=4)

Figure 1: We examine whether deep learning models can classify sidewalk accessibility conditions from pre-cropped 640x640
streetscape images—e.g., whether a curb ramp is too steep, too narrow, or missing a tactile indicator or if a sidewalk panel is

uneven, bumpy, or d of brick/c
Abstract

We examine the feasibility of using deep learning to infer 33 classes
of sidewalk accessibility conditions in pre-cropped streetscape im-
ages, including bumpy, brick/cobblestone, cracks, height difference

“Both authors contributed equally to this research.

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).
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© 2024 Copyright held by the owner/author(s).
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https://doi.org/10.1145/3663548.3688531

bbl The grid above showcases all 33 conditions we attempt to infer.

(uplifts), narrow, uneven/slanted, pole, and sign. We present two
experiments: first, a comparison between two state-of-the-art com-
puter vision models, Meta’s DINOv2 and OpenATI’s CLIP-ViT, on
a cleaned dataset of ~24k images; second, an examination of a
larger but noisier crowdsourced dataset (~87k images) on the best
performing model from Experiment 1. Though preliminary, Exper-
iment 1 shows that certain sidewalk conditions can be identified
with high precision and recall, such as missing tactile warnings
on curb ramps and grass grown on sidewalks, while Experiment
2 demonstrates that larger but noisier training data can have a
detrimental effect on performance. We contribute an open dataset
and classification benchmarks to advance this important area.




Can we infer tags given a label type and image crop?

CURB RAMP LABEL

Curb Ramp Tags
Missing tactile
Narrow

Points into traffic
Pooled water
Surface problem
Steep

Liu, A., et al, Towards Fine-Grained Sidewalk Accessibility Assessment with Deep Learning: Initial Benchmarks and an Open Dataset. ASSETS 2024.



TAG INFERENCE

SYSTEM DIAGRAM

Cropped Image Resize Crop Image Tensor  DINOv2 Classification Head
Centered on label 256x256px 3x256x256 ViT-B/14 Distilled Multi-label classifier

Backbone ——

Curb Ramp Tags
Missing tactile
Feature Narrow

Points into traffic
Extractor Pooled water
Surface problem
Steep

CURB RAMPS

Liu, A., et al, Towards Fine-Grained Sidewalk Accessibility Assessment with Deep Learning: Initial Benchmarks and an Open Dataset. ASSETS 2024.



TAG INFERENCE

SYSTEM DIAGRAM
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TAG INFERENCE

DATASET: 24K LABELS WITH 29K TAGS

OBSTACLE TAGS B SURFACE PROBLEM TAGS CURB RAMP TAGS & CROSSWALK

- Sand/gravel

Liu, A., et al, Towards Fine-Grained Sidewalk Accessibility Assessment with Deep Learning: Initial Benchmarks and an Open Dataset. ASSETS 2024.



TAG INFERENCE

RESULTS: SURFACE PROBLEM TAGS

SURFACE PROBLEM TAGS
1.0
® grass(806)
0.8 ® cracks (611)
@ height difference (446)
= 0.6 @ uneven(399)
@ ® bumpy (121)
£ 04 ® brick(101)
©® narrow (74)
0.2 ® very broken (27)
© sand or gravel (45)
0.0 @ utility panel (27)

0.0 0.2 0.4 0.6 0.8 1.0
Recall

Liu, A., et al, Towards Fine-Grained Sidewalk Accessibility Assessment with Deep Learning: Initial Benchmarks and an Open Dataset. ASSETS 2024.



TAG INFERENCE

RESULTS
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TAG RECOMMENDER

OBSTACLE: ADD “PARKED CAR”

Is this an Obstacle?

—~_ B2y ‘.
p = Add/remove tags

Add: parked car

Add more tags here

Update severity level

O 6 ©

Medium High

Add optional comment
iGoogle_ Jan2025 o S 3 : © 2025 Google | Terms | Report a problem m




TAG RECOMMENDER

SURFAGE PROBLEM: ADD “BUMPY”

Is this a Surface Problem?

Yes No Unsure

Add/remove tags

mud/sand/gravel X

(aif* Suggestions

Add: bumpy

Add more tags here v

Update severity level

© 0 6

Medium High

Add optional comment




AUTO-VALIDATOR

Al VOTES ON LABEL CORRECTNESS

... a missing curb ramp? ... a surface problem?

... an obstacle?

|s this a curb ramp?

Disagree



AUTO-VALIDATOR

SYSTEM DIAGRAM

Labeled crop
Image + label

Resize Crop
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640x640
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Marked Crosﬁswalk
Severity @ O Q@E@ 1 A0

Al voted yes on this label



Marked Crosswalk Missing Curb Ramp Curb Ramp
Severity @ OO D{bl oo Severity .OOD[@l 020 Tags [alternate route present} Severity @ OO [[bl opo




Al VALIDATOR

AUTOMATIC VALIDATION PERFORMANCE

Curb Ramp Missing Curb Ramp

I o w
Severity @O0 152 D)0 Severity @) /51 000 Tags [alternate route present

66,132 Labels
Al Votes

Google c
Surface Problem Marked Crosswalk Curb Ramp

i - - < @, - I -
Severity ..."L_ )1 B0 Tags |very broken| Severity @ OO Y1 130 Severity @O "u:i!,',‘l 3o




Al VALIDATOR

AUTOMATIC VALIDATION PERFORMANCE
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Al VALIDATOR

AUTOMATIC VALIDATION PERFORMANCE
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Al VALIDATOR

AUTOMATIC VALIDATION PERFORMANCE
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Al VALIDATOR

AUTOMATIC VALIDATION PERFORMANCE
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CURB RAMP LABELS SIDEWALK LABELS OTHER ACCESSIBILITY LABELS
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PROJECT SIDEWALK Al

KEY QUESTIONS T

How might these Al interventions
shape human perspectives?

What are the costs of mistakes? Custom raned

How do we balance and maintain
human agency?

How do people feel about these
Al systems? A

Custom Trained  ,/
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Figure 1: We present a large-scale online image survey gathering perceptions of sidewalk barriers from five mobility groups:
users of walking canes, walkers, mobility scooters, manual wheelchairs, and motorized wheelchairs. Findings were used to
generate user profiles that informed the design of personalized accessibility maps and routing tools.

Abstract

Today’s mapping tools fail to address the varied experiences of
different mobility device users. This paper presents a large-scale
online survey exploring how five mobility groups—users of canes,
walkers, mobility scooters, manual wheelchairs, and motorized
wheelchairs—perceive sidewalk barriers and differences therein.
Using 52 sidewalk barrier images, respondents evaluated their con-

fidence in navigating each scenario. Our findings (N=190) reveal

ek I R e ek el B e Al T S o

CCS Concepts

« Human-centered computing — Accessibility systems and
tools; Interactive systems and tools; - Information systems
— Crowdsourcing.

Keywords

accessibility, online image survey, mapping tools, urban planning
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How do perceptions of sidewalk barriers vary as a function of mobility?
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ACCESSIBILITY FOR WHOM

SURVEY METHODS

- <O J I $
.

1. Rating 2. Pairwise 3. Ranking

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



ACCESSIBILITY FOR WHOM

SURVEY METHODS

X 2 V

1. Rating

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



6. When using your mobility scooter, do you feel confident in passing this?

{ oo

0o [N

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



ACCESSIBILITY FOR WHOM

SURVEY METHODS

X 2 V

1. Rating

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



ACCESSIBILITY FOR WHOM

SURVEY METHODS

.

2. Pairwise

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



7. When using your manual wheelchair, which one do you feel more confident in passing?
If not confident in passing either, please select 'the same.

&3 LEFT IMAGE L 1 THE SAME ] RHTIMAGE

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



ACCESSIBILITY FOR WHOM

SURVEY METHODS

.

2. Pairwise

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



ACCESSIBILITY FOR WHOM

SURVEY METHODS

3. Ranking

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



33. When using your manual wheelchair, please rank the following barriers based on passibility, with

1 being the most difficult and 2 being the easiest.*
Drag and drop the options to rank them. You may click on the image icon to see an example.

difficult] i 1+ Grass surface
N - Missing curb ramp at intersections N

:: 3 Steep slope (sidewalk incline greater than 5%)

i 4v Manholes on sidewalk

i 5~ Sand or gravel surface N

i 6~ Broken surface or cracks on sidewalk

it 7~ Brick or cobblestone surface ]

2 8v Uneven sidewalk panels

easy | i 9~ Narrow sidewalk (width lessthan1.2m /4 ft) &

“ press Enter «

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



SIGNIFICANT DIFFERENGE BETWEEN MOBILITY
AID USAGE AND



ACCESSIBILITY FOR WHOM

OVERALL FINDINGS

Impassable
Unsure
10% 2 Passable
14%

SRR G b

e Walk Mobility Manual Elect
Scooter ~ Wheelchair Wheelchair

Li, C., et al. CHI 2025.



Do you feel confident in passing this with your mobility aid?

86%

77% 78% 76% Impassable

Unsure
B Passable
41% 45%
19% 50
3% =

1%11% B
" 2 & kK

cane walker scooter manualw. motorized w.

Li, C., et al CHI 2025.



Do you feel confident in passing this with your mobility aid?

MISSING RAMP &

76%
e Impassable

Unsure
] P Passable

68% 65%

32%
0 24%
50417% 22 -, 15%
- 9% 11% 9%
- 1 |

S BA 8& & &

cane walker scooter manualw. motorized w.

Li, C., etal. CHI 2025.



Missing curb cuts still require a lot of
energy and can be very difficult to navigate.

- WALKER RESPONDENT

£

Li, C., et al CHI 2025.



Do you feel confident in passing this with your mobility aid?

SURFACE PROBLEM ==

74% 70% Impassable

59 60% Unsure
1 50% I Passable
2%
4% 0 2% S%
6% 18% 18% 15%
10% 8%

SR B 5.

cane walker scooter  manualw. motorizedw.

Li, C., et al CHI 2025.



Li, C., et al CHI 2025,

he cracks between sidewalk segments
cause a constant, uncomfortable
bumping that also shakes my legs off the
wheelchair’s footplate. Roads are kept
smooth. Sidewalks are not.

- MANUAL WHEELCHAIR RESPONDENT

&



ACCESSIBILITY FOR WHOM

PERSONALIZED APPLICATIONS

[%& Motorized wheelchair]

Ey )
Shortest Path
S
i /x Walking cane
A =" B o ._IJ
AccessScore Personalized Routing

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.

Label Types

© CurbRamps

© Missing Curb Ramps
D Obstacles

© Surface Problems



ACCESSIBILITY FOR WHOM

ACCESS SCORE

é\ccessScore i /" Walking Cane

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



ACCESSIBILITY FOR WHOM

ACCESS SCORE

Seattle less accessible for

/_ mobility scooters

Access Score 4 2 /x WalkingCane Access Score

Li, C., et al. Accessibility for Whom? Perceptions of Mobility Barriers Across Disability Groups and Implications for Designing Personalized Maps. CHI 2025.



Access Score Analysis

l Curb Ramps

—_— @)

| Missing Curb Ramps

I Obstacles

| Surface Problems

| Missing Sidewalks

—’

Select geographical unit

Census Block Group

COMPUTE ACCESS SCORE

Seattle

Access Score Per Block Group
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Label Types

© CurbRamps

© Missing Curb Ramps
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SHORTEST PATH

Label Types
Curb Ramps
Missing Curb Ramps
Obstacles
Surface Problems



WALKING CANE PATH

Label Types
Curb Ramps
Missing Curb Ramps
Obstacles
Surface Problems
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Research to translational
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OUTCOMES

Research to translational

Translational Impact
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DEPLOYMENTS

43 CITIES ACROSS 10 COUNTRIES
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TROTTOIR OPRIT LABELS

: Y,
S , -
—\ iz

Trottoir Oprit (C) Ontbrekende

Trottoir Oprit

<)

Geluid

Vastgelop
en

[ee]

Feedback

Google Mar 2021 @

TROTTOIR LABELS ANDERE TOEGANKELIJKHEIDSLABELS

Gemarkeerde
oversteekplaats (W)

Algemene statistieken
@59 3,06 kilometer

a@,—. 526 labels

@ 74,4% nauwkeurigheid

Verkeerslicht (P) Anders

Huidige Wijk

Leliegracht e.o., Amsterdam
e;' 0,95 kilometer

a@,-_ 235 labels

Huidige Missie

Zoek 150 m voor deze wijk

0 stoep oprit 0 opperviakte problemen

0 ontbrekende stoep oprittef geen trottoirs

0 obstakels 0 anders

Draai 360 graden om er
zeker van te zijn dat u
niets mist.

o

Zie je ongelabelde problemen? Zo niet,

Sla links af

© 2025 Google | Voorwaarden ' Probleem melden
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sidewalk €
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Hello Jon,

My name is
through a U

ondition data collection

SDA planning grant, and one of th

;l
s a B
External

Tue, Dec 5, 2023, 1217PM X “ :

Thursday, February 1st ~

and | am with a Texas pbased non-{
e needs identifie|

. o ngittoo TSNP
i o mandful of cities, but | was curious if the pravwree— ther Mmunicipalities in Allegheny County

| understand thaty on Sun, Nov 14, 2021 at 6:50 PM Fujii, Kie <kie.fujii@hmhn.org> wrote:
likely have a simp! This message was sent securely using Zix®

If it is not feasible
| appreciate your

Best,

Dear Dr. Froehlich,

My name is Kie Fujii, and | am a third-year medical student at Hackensack Meridian School of Medicine in Nutley, NJ. | am a wheelchair user and | am currently working on a
project at school to raise awareness and promote accessibility in my community. Since a local multiple sclerosis organization started an accessibility challenge to document
obstructions of sidewalks, | have partnered with them to work on this project. While | was looking at different resources, | came across your work, Project Sidewalk, which
aligns with what we are working on. If it is possible, we would like to implement your work in Bergen County of New Jersey. The multiple sclerosis organization has a monthly

virtual meeting which the next meetings will be 12/15 and 1/19 at 7 PM EST. If you happen to be available on one of those days, we would love to hear more about your work.
If not, | would like to still schedule an appointment with you.

Thank you so much for your time. | look forward to hearing from you soon.

Sincerely,
Kie

Kie Fujii|M.D. Candidate, Class of 2023
Hackensack Meridian School of Medicine
Kie.Fujii@hmhn.org

Pronouns: She, Her, Hers
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< C @& newbergoregon.gov/publicworks/page/project-sidewalk w ’B o a

> City Home Contact Us
City of NeWberg Government =~ Community = Business = How Dol

I

Jay Harris, PE.
Public Works Director

PO BOX 970 Newberg, OR 97132
. jay.harris@newbergoregon.gov

Engineering (503) 537-1273

Project
Sidewalk

Maintenance (503) 537-1234
Operations (503) 537-1252
Compost (503) 537-1252

Report damage 24hr (503) 538-8321

Utility Billing (503) 537-1205

AS OF 2019 100% OF STREETS HAVE HAD A 1st REVIEW AND
62% HAVE HAD THE 2nd CALLED VERIFICATION"

WE NEED YOUR HELP TO LOG IN AND "VERIFY" LABELS OTHERS HAVE ENTERED.
Over 300 people have participated so far!
Newberg will be the first city in Oregon to map its entire pedestrian network with
Project Sidewalk!
Click this [ink to begin.

Newberg has over 116 miles of pedestrian pathsways used for travel to work and school; for exercise and
business; and community events. For people with sensory or mobility restrictions it is critical that sidewalks
are safe and accessible.

A lack of current information makes it difficult to track conditions and plan improvements.

Enter Project Sidewalk
A learning computer database managed by the University of Washington Computer/Engineering
Dept. that uses interactive "crowd sourcing" to collect data. Itis already in use in Seattle and
Washington D.C and now its been made available in Newberg!

This is a perfect activity anyone who lives, works or visits Newberg.
From any desktop or laptop computer you can "virtually" explore sidewalks in Newberg and label
conditions you find.

Click this link to begin assesing local sidewalks.



iblicworks/page/project-sidewalk

_ City of Newberg il Like Page
City of NeWberg Government Community = Business How January 30 at 9:29 AM - &

Congratulations and THANK YOU to the citizens of Newberg for putting
in the work to map 100% of Newberg through Project Sidewalk. That's

Projzes izl over 107 miles covered with 264 local users who contributed to the data.

This information will be used to identify areas in Newberg that need
. sidewalks, need sidewalk repairs, and need to be updated to become
more accessible. Through your efforts, Newberg can become a safer,
more accessible community.

Project
Sidewalk

Looking to help? Verifications are still needed for the collected data.
Click the link below to learn more.

Your work is making a

S el AS OF 2019 100% OF STREETS HAVE HAD A 1st REVIEW AND difference
62% HAVE HAD THE 2nd CALLED "VERIFICATION"
We did it! Users like you have mapged »
WE NEED YOUR HELP TO LOG IN AND "VERIFY" LABELS OTHERS HAVE ENTERED. SRS, % IV, Seveny
Over 300 people have participated so far! MR ey

Newberg will be the first city in Oregon to map its entire pedestrian network with '
Project Sidewalk! L
Click this /ink to begin.
Newberg has over 116 miles of pedestrian pathsways used for travel to work and school; for exercise and

business; and community events. For people with sensory or mobility restrictions it is critical that sidewalks
are safe and accessible.

A lack of current information makes it difficult to track conditions and plan improvements. D
Enter Project Sidewalk
A learning computer database managed by the University of Washington Computer/Engineering o
Dept. that uses interactive "crowd sourcing" to collect data. Itis already in use in Seattle and 100.0 /o 107.5 16,930 11,237
. . ; . :
WeshingtoRB.Cand nowiitbecn fade availablcineabers: of Newbera manned mules cavered labels validatior i
This is a perfect activity anyone who lives, works or visits Newberg. SIDEWALK-NEWBERG.CS . WASHINGTON.EDU
From any desktop or laptop computer you can "virtually" explore sidewalks in Newberg and label . .
cendtiansyouifind) sidewalk-newberg.cs.washington.edu

Click this link to begin assesing local sidewalks.
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http://newberg.projectsidewalk.org
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http://newberg.projectsidewalk.org/

NEWBERG, OR

http://newberg.projectsidewalk.org
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http://newberg.projectsidewalk.org/

NEWBERG, OR

http://newberg.projectsidewalk.org
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http://newberg.projectsidewalk.org/

SIDEWALK REPAIR PROGRAM

RESIDENTIAL GRANT AND LOAN APPLICATION PACKET

Sidewalks are for Everybody
Sidewalks make the entire community accessible,
are required under the Federal ADA regulations,
and enhance your home’s value and curb appeal.

City Engineer’s Office: Email: sidewalkrepairprogram@newbergoregon.gov | 503.537.1273 | PO Box 970

Newberg City Hall | 414 E. First Street | Newberg, OR 97132 | (503) 538-9421 | M-F 8:30-4:30PM
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PROJECT SIDEWALK MEXICO

SAN PEDRU’ MX Project Sidewalk provides us with

_ data that is essential to improving
San Pedro’s urban accessibility.

GOBIERNO MUNICIPAL

e With Project Sidewalk, we know the

the most urbanized municipalities in the Monterrey Metropolitan Area, the 3rd largest
metropolitan area in Mexico.

The Municipal Institute for Urban Planning (IMPLANG) of San Pedro Garza Garcia is an °
institute that works towards the positive development of our community through the
development of urban master plans, urban d prog and social projects. /

One_of the priorities of the IMPLANG is the implementation of public policy oriented towards
the improvement of ian infi and ibility in order to improve road
safety, increase the levels of inclusion and to incentivize non-motorized trips in the city. Our

. many problems there are, and their

and ina borative manner. This citizen participation

process provides us with the opportunity to obtain data that will be essential for improving

SPGG's urban accessibility. With Project Sidewalk we will be able to know the current status
PRV

L]
of the p tructure of the icipality, what are the main problems to be solved, N
how many there are and their location. The results will be used to propose public policies
that address the main problems identified and that contribute to meeting the goals set in the
Municipal Development Plan and also for the of a new P ian Master Plan oo o
for our municipality.

H

AR

Itis worth mentioning that Project Sidewalk is also serving as an educational tool for students
of the architecture school at the Universi logi .

e e RO nform a new Pedestrian Master

proposal, which will furthef strengthen our collaboration and help advance sidewalk

_— Plan for our municipality.

San
Pedro
INSTITUTO MUNIcIPg.ﬁgE :oluwm A
San Paﬁsén eaou;amgusua Nuevo Ledn. C. P.66200 Ga c z a
Tels. (81) 2|27-29’2€Imx :
S Garcia

GOBIERNO MUNICIPAL



ETIQUETAS DE RAMPA PEATONAL ETIQUETAS DE BANQUETA OTRAS ETIQUETAS DE ACCESIBILIDAD ESta d I’Sticas genera |es

| ' ,;9 2,11 kildmetros
-"\%\\\\, /\_‘,\ &w"’ / % W & 222 _»9,‘ 233 etiquetas
- <4

@ 92,1% de precision

Explorar Rampa peatonal (C) Rampa peatonal Obstaculo en la Problema en No hay banqueta Cruce peatonal ~ Semaéforo peatonal Otro
ausente (M) banqueta superficie marcado (W)

Colonia actual
Centro de Azcapotzalco, CDMX

O}" 0,01 kildbmetros

Acercar (2)
10 etiquetas
Alejar Misién actual

Explora 75 my encuentra todos los
atributos de accesibilidad de la
banqueta

& ?

<)

Sonido

°0

Atorado

] 2
;Ves algln problema sin etiquetar? Si no,
Retroalime Ve~ < g. P ¥ b q
Giraala lzqwerda

ntacion .
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We did not find a relationship with areas where
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$1.5M

in “menu” funds for pedestrian
infrastructure improvements
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Project Sidewalk helped us make better
decisions in how to prioritize our
$1.5m infrastructure spending as wel
as alert appropriate city departments to
high-priority accessibility issues.

- ALISON MURPHY

Director of Communications & Development
40" Ward of Chicago
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HOW CAN PROJECT SIDEWALK BE A PLATFORM FOR
LEARNING WHILE ALSO ?
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We're going to have the Girl Scouts
do their presentation

Dianne Camelo Didio
Mayor

MC Regular Meeting
Jan 31, 2023
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“I never realized sidewalks were a big deal”: A Case Study of a
Community-Driven Sidewalk Audit Using Project Sidewalk
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Figure 1: A community-driven digital civics project using Project Sidewalk, an open-sourced accessxbxhty tool, to conduct

idewall ibility

ts in the town of Oradell, NJ. Images show y s lyzing, and

PpIng, Y

presenting the collected data to the City Council over the course of the project.

ABSTRACT

Despite decades of effort, pedestrian infrastructure in cities con-
tinues to be unsafe or inaccessible to people with disabilities. In
this paper, we examine the potential of community-driven digital
civics to assess sidewalk accessibility through a deployment study
of an open-source crowdsourcing tool called Project Sidewalk. We
explore Project Sidewalk’s potential as a platform for civic learning

“Both authors contributed equally to this research.

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).

CHI 24, May 11-16, 2024, Honolulu, HI, USA

© 2024 Copyright held by the owner/author(s).

ACM ISBN 979-8-4007-0330-0/24/05.

https://doi.ol’g/10,1145/36139043642003

and service. Specifically, we assess its effectiveness as a tool for
community members to learn about human mobility, urban plan-
ning, and accessibility advocacy. Our findings demonstrate that
community-driven digital civics can support accessibility advocacy
and education, raise community awareness, and drive pro-social be-
havioral change. We also outline key considerations for deploying
digital civic tools in future community-led accessibility initiatives.

CCS CONCEPTS

«H d puting — A ibility sy and
tools; Interactive systems and tools; - Information systems

— Crowdsourcing.

KEYWORDS

accessibility, digital civics, community science, service learning,
crowdsourcing
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Sep 29,2021 Nov 14, 2021

Li, et al.

Apr 4,2022 Aug 17,2022 Jan 31,2023

Partnering with Partnering with Project Sidewalk Second Final Presentation
Girl Scouts Project Sidewalk Training session Mapathon to City Coundil

o o -o- e e o
Jun, 2021 Oct-Nov, 2021 Mar 22,2022
Project Begins Girl Scouts In-Person  Initial Presentation to

Sidewalk Audits City Council

*¢— 00— -0 — -
Apr22,2022 Oct9,2022

First Mapathon at Girl Scouts
Borough Hall Data Analysis

Figure 5: Timeline showing dates of partnership formations and key project events in the Oradell Sidewalk Project.

Hackensack Meridian School of Medicine), and a local Girl Scouts
'troop.2

3.22 In-person Field Audits. In September 2021, the ad y
group and the Scouts held several meetings to generate ideas on
how to improve Oradell’s urban accessibility for people with dis-
abilities. They first discussed topics such as what constitutes an
“accessibility issue” and general impressions of Oradell’s accessibility
levels across neighborhoods, and then decided on conducting in-
person field audits to document accessibility barriers. From October

P
Con, Z
%,
7 Sk o
A A5 H 2
National Hackensack
& Proiect MS Sodiety Meridian ______ > Gty
Sidewalk Coundil
\\‘ 0],
N\ Girl Scouts
A

Figure 6: (A) Diagram showing the deeply intertwined inter-
actions between stakeholders in the Oradell Sidewalk Project,
luding the local medical center (Hack k Meridian),

MS (Multiple Sclerosis) group, and Girl Scouts troop who
started the initiative, then engaged with Project Sidewalk
and their research team to assess all sidewalks in Oradell,
NJ. (B) Image from the initial City Council meeting in March
2022. (C) Image from the first Scouts meeting with local ad-
vocates in September 2021.

2Girl Scouts is a youth organization for girls in the United States with a mission to
“build girls of courage, confidence, and character, who make the world a better place”
through activities such as camping, community service, and practical skill-building
like first aid [87).

to November 2021, advocacy group representatives and the Scouts
took photographs of accessibility issues around their neighborhood,
including barriers such as missing curb ramps, uneven surfaces,
walkway obstructions (e.g., utll.\ty poles overgrown greenery), and
obstructed to gs (e.g., library, post office,
town hall). They identified 30 issues w1th a location, picture, and
description across ~1 miles of sidewalks (Figure 7).

In early November, an advocacy group member (P3 in Table 1) dis-
covered Project Sidewalk online and initiated a meeting to discuss
adopting this new approach for identifying ibility issues. With
the Project Sidewalk team’s support, they decided to deploy and
use this web tool in Oradell (https://oradell.projectsidewalk.org/).

3.23 Assessing Oradell with Project Sidewalk. After obtaining ge-
ographic neighborhood boundary data, Project Sidewalk was set
up and deployed in Oradell in April 2022. Initial tests and contri-
butions were from the advocacy group and Project Sidewalk team.
To broaden ity invol and provide additional train-
ing, the organizers planned and held two mapathons and began
advertising campaigns within their communities. Figure 9 shows a
temporal plot of label and validation contributions over time.

First mapathon. The first mapathon was on April 22, 2022 at the
administration building of the local government (Oradall Borough
Hall). The event was organized by the local Scout troop leaders,
representatives from the National Multiple Sclerosis Society, and
students and faculty from Hackensack Medical. The mapathon’s
goal was to familiarize participants with Project Sidewalk, moti-
vate contributions, and advance understanding of how the built
environment can affect people with disabilities.

Raised Sidewalk  Chipped Sidewalk ~ Raised Sidewalk  Surface Problem

! [ [ S

Narrow Sidewalk Vegetation Obstacle Obstacle
Figure 7: E ples of sidewalk ibility issues pho-
graphed by ad: y group rep ives and Scout mem-

bers during in-person audits in their neighborhoods.




SERVICE LEARNING

POST-HOC INTERVIEWS IN ORADELL (N=19)

D
L%,

Disability Girl Scouts Parents Medical
Advocates Professionals

Li, C., et al "I never realized sidewalks were a big deal”: A Case Study of a Community-Driven Sidewalk Audit Using Project Sidewalk. CHI 2024



Before Project Sidewalk, | never realized how
important curb ramps are for people with
disabilities...

- GIRL SCOUT (6S4)

Li, C., et al "I never realized sidewalks were a big deal”: A Case Study of a Community-Driven Sidewalk Audit Using Project Sidewalk. CHI 2024



Now when they walk down the street and see
something [inaccessible], they quickly notice and
say “This is wrong!”

- PARENT

Li, C., et al "I never realized sidewalks were a big deal”: A Case Study of a Community-Driven Sidewalk Audit Using Project Sidewalk. CHI 2024



This experience gave me a new perspective that
| can use to help change the world.

- GIRL SCOUT (6S7)

Li, C., et al "I never realized sidewalks were a big deal”: A Case Study of a Community-Driven Sidewalk Audit Using Project Sidewalk. CHI 2024
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UNIVERSITY OF ZURICH

URBAN SCIENCE RESEARCH WITH PROJECT SIDEWALK

AGILE: GiScience Series, 6, 23, 2025. https.//dol.0rg/10.5194/agile-giss-6-23-2025
Proceedings of the 28th AGILE Conference on Geographic Information Science, 10-13 June 2025,
Eds.; Auriol Degbelo, Serena Coetzee, Carsten KeBler, Monika Sester, Sabine Timpf, Lars Bernard

Navigation Challenges in Urban Areas for Persons
with Mobility Restrictions

Hoda Allahbakhshi' &
Digital Society Initiative, University of Zurich, Switzerland
Department of Geography, University of Zurich, Switzerland

University Research Priority Program “Dynamics of Healthy Aging”, University of Zurich,

Switzerland

Annina Ardiiser &
Department of Geography, University of Zurich, Switzerland

—— Abstract

The Sustainable Development Goals (SDGs) promote making the world better for everyone, with a
focus on creating cities that are inclusive and sustainable, as outlined in SDG 11. Spatial a

cessibility
plays a pivotal role in fostering age-friendly and inclusive urban environments. However, there is
still a lack of complete data on accessibility essential for providing mobility services to individuals
with restricted mobility, mainly due to the high costs. While some participatory initiatives like
OpenStreetMap (OSM) have made progress in this area, there is still a significant gap in data about
sidewalk accessil

To address thi

ap, we used a citizen science approach to gather information and improve our

of sidewalk accessibility in District 1 of Zurich. iduals from diverse
population groups took part in our study.

collected sidewalk features like curb ramps and surface problems by virtually inspecting street view

ighteen ind;
Jsing the Project Sidewalk web tool (PRSW), participants

images.
esults derived from participatory data collection. The
v labels ing their v, spatial distribution,
and severity levels attributed by participants. Furthermore, we provide insights into the accuracy of
the data, verified through validation by experts in geographical knowledge using PRSW.

In this paper, we present preliminary
findings show the variances in ac

Our approach allowed for broader participation and diverse perspectives in collecting sidewalk
accessibility data. We believe that the provided dataset has the potential to address unanswered
questions about spatial accessibility. For instance, the distribution of accessibility within specific
population groups or across a city can be explored. This information can help policymakers develop
interventions that tackle acces inequalities and ensure equitable access, especially for those
with mobility impairments.

2012 ACM Subject Classification Social and ional topics

Keywords and phrases Navigation, Mobility-restrictions, Inclusive mol
Citizen science

Spatial accessibility,

Digital Object Identifier 10.4230/LIPlcs.COSIT 2

124.22
Category Short Paper
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Towards an Inclusive Urban Environment:
A Participatory Approach for Collecting Spatial
Accessibility Data in Zurich

Hoda Allahbakhshi 2
Digital

ty Initiative, University o i, Switzerland

Department of Geography, University of Ziirich, Switzerland

The unprecedented rate of urbanization. along with the increase in the aging and disabled populations,
bring about an increasing demand for public services and an inclusive urban environment that allows
easy access to those facilities. Spatial Accessibility is a measure to assess how inclusive a city is and

how easily public facilities can be reached from a specific location through movement in physical

space or built environment,

A detailed geodata source of ac is needed for reliable spatial accessi
assessment, such as sidewalk width, surface type. and incline. However, such data are not readily
available

to the huge implication costs. Remote erowdsourcing data collection g Street View
Imagery, so-called "virtual audits” have been introduced as a valid, cost-efficient tool for accessibility
data enrichment at scales compared to conventional methods because it enables involving more
ipants, saving more time by avoiding field visits and covering a larger area.

v pilot project, ZuriACT: Zurich Accessible Ci
that allow for virtual inspections and measurements of accessibility features, we want to contribute
to collecting and enriching accessibility information in the city of Zurich embedded in a citizen
science project that will have both sc

part

Therefore, 'y, with the help of digital tools

helpful insight into unptcmemmg policy interventions for ovmmmmg accm«:hllxly biases to ensure
equitable services, particularly for people with disabilities, and contributes to creating an inclusive
and sustainable urban environment. It goes without saying that an inclusive city is beneficial and
impacts the quality of life of not only the population groups mentioned above but also the society at
large.

2012 ACM Subject Classification Social and professional topics

Keywords and phrases Spatial accessibility, virtual andits, digital teols, mebility disability, citizen
science, inclusive city, Zurich

Digital Object Identifier 10.4230/LIPlcs.GIScience.2023.13
Category Short Paper
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1 Introduction

It is projected that by 2050, about 70 percent of the world’s population will live in urban
environments, 15 percent of them will live with disabilities [10]. Moreover. the prediction
shows that by 2050, the number of older people will reach 2 billion worldwide [12]. The
unprecedented rate of urbanization, along with the increase in the aging and disabled
populations, bring about an increasing demand for public services and access to those
facilities. Depending on the infrastructure and design, the urban environment and phy

cal
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Developing enriched pedestrian networks using accessibility

features

Alexandra-loana Georgescu' 27,

Hoda Allahbakhshi'*?, Robert Weibel*?

! Digital Society Initiative, Umvcrslty of Zurich, Zurich, Switzerland
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Abstract. Accessibility studies often focus on the general
populat Sy N v &
mobility capacities and the role of external factors.
Microscale street elements such as stairs, high kerbs, and
sidewalk cracks can significantly impact urban mobility
for individuals with restricted movement capacities. This
study introduces a workflow to integrate different detailed
accessibility information, such as barriers and facilitators
for pedestrian mobility, with sidewalk data to create an
enriched pedestrian network. Using this network, we
evaluate each segment| by Lompulmg an |mpcdanu. score

the world’s population is expected to reside in urban areas
(United Nations, 2019), and currently 16% of the global
population worldwide is believed to live with some sort
of disability (World Health Organisation, 2022).

Spatial accessibility refers to how easily destinations,
such as public facilities, can be reached through
movement in physical space (Allahbakhshi, 2023). It is
highly context-dependent and influenced by various
factors (Lid & Solvang, 2016), including microscale street
elements such as poles, stairs, cobblestones, kerb ramps,

to quantify A we

how the network can be lallorcd to individual mobility
needs and highlight its potential as a decision-making tool
for urban planners and civil engineers to identify and
prioritise  targeted interventions for  vulnerable
populations.

Submission Type. Analysis

BoK Concepts. [AM11] Network analysis, [AM11-7]
Accessibility modelling, [AMS-3] Spatial cluster analysis

Keywords. Spatial accessibility, Microscale clements,
Mobility restriction, Pedestrian networks, Urban
environment

1 Introduction

Ensuring equitable and adequate access for all to public
facilities in urban areas is an essential target included in
various Sustainable Development Goals such as 10 and 11
(United Nations, 2022). This is especially important since
by 2050 it is projected that approximately two-thirds of

or i signals. These clcmcms can either rcslric( or
facilitate i

access 10 certain areas and services (Hammel et al., 2015)
and contributing to social exclusion (Svensson, 2010).

Physical barriers are especially important for individuals
with mobility restrictions, as they can increase perceived
stance (Vale et al, 2016), reduce the number of
available opportunities (Achuthan et al., 2010) and force
individuals to stay at home or in familiar places (Mao &
Chen, 2022). Additionally, as individuals have different
mobility needs, the impact of these elements varies
(Georgescu et al., 2024). For example, a high kerb may be
a barrier for a wheelchair user but can serve as a
facilitator, marking the edge of the sidewalk, for a visually
impaired individual. Therefore, such elements become
vital in assessing spatial accessibility.

However, despite their significance, research on
microscale clements and their impact on individuals with
varying mobility capacities remains limited. Most of these
studies rely on field visits to collect data on the various
accessibility features that affect pedestrian movement.
These features are then recorded in spatial databases,
where cach element is linked to its corresponding

1of8
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Raw Labels API

GETTING STARTED
The Raw Labels API provides access to individual geo-located labels placed by Project Sidewalk users. Each label
Introduction represents a sidewalk feature or barrier that has been identified and categorized in street view imagery.
METADATA APIS This endpoint returns raw, unclustered data. For most applications, we recommend using the Label Clusters APl as it
groups potentially duplicate labels of the same feature using a custom clustering algorithm. Use this Raw Labels API
Cities when you need access to every individual label record, including metadata about the user (anonymized) and
validation status.
Label Types
Label Tags
Street Types Raw Labels API Preview
DATA APIS B : i : PO : : N
elow is a live preview of raw labels from a sample region in Tucson, Arizona retrieved directly from the API. Compare
Raw Label this map to the Label Clusters equivalent to see the difference between clustered labels vs. raw labels. Depending on
aw Lal S

the number of labels in the region, it may take a bit to load.

Label Clusters

Streets

Validations

STAT APIS

User Stats

Overall Stats

Note: In this example, we are visualizing Project Sidewalk data only in a single region; however, the Raw Labels API
can return data from all regions in the city or just a selected region—see the API query parameters below.

On This Page
Raw Labels API
Raw Labels API Preview
Endpoint
Examples
Quick Download
Query Parameters
Responses
Success Response (200 OK)
GeoJSON Format (Default)

GeoJSON Field
Descriptions

CSV Format
Shapefile Format
GeoPackage Format

Error Responses
Error Response Body
Terms of Use
Contribute

Project Sidewalk in Your City!

https://projectsidewalk.org/api
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A city is only as accessible as its sidewalks. This map

shows D(C’s are often blocked.
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A snapshot of sidewalk obstructions on NoMa's streets. by the author-.

When Washingtonians like myself look for new apartments, we pay close attention to
the walk score of a neighborhood. Any score upwards of 9o on a hundred point scale
marks an area as a “walker’s paradise,” meaning major needs such as grocery stores
and transit are within walking distance. However, what is not factored into the
walkability score is the actual condition of the sidewalks.

Barbara Moreno, https://ggwash.org/view/73794/washington-dc-walkable-scores-quality-of-sidewalks
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A pedestrian-only block in
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reality this spring &3¢
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unexplained: what you need
to know about the WMATA
budget 227

DEVELOPMENT
Innovation Center Metro
won't get a corporate name
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happening there. 5217
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that? 17
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Computers should be accessible to everyone. Let’s teach computer scientist how.

Teaching Accessible Computing

edited by Alannah Oleson, Amy J. Ko, Richard E. Ladner

13t ecition

or computing to work for everyone, it must be accessible to everyone. Alas,

F it is not: people with disabilities in mobility, vision, hearing, learning,
attention, and more reqularly face software that is hard or impossible for them to
use. One reason for this is that when we educate future software engineers, we
rarely teach them anything about accessibility. This limits their ability to find and
fix accessibility defects and advocate to their organization to prioritize those fixes.
More importantly, it limits the capacity of software organizations to design
software that is accessible from day one.

This book addresses this prablem by offering concrete pedagogical ideas for
educators about how to integrate accessibility into their computer science classes.
It teaches basic foundations of accessibility that are relevant to major areas of
computer science teaching, and then presents teaching methods for integrating
those topics into course designs. Our hope is that computer science teachers will
be able to read the first few introductory chapters, and the chapters relevant to
their teaching, and use their learning to teach accessible computing in their

classes.

Source: https://bookish.press/tac/DataStructures

N

ve relevance to concrete problems of accessibility

Data Structures + Accessibility

by Catherine M. Baker, Yasmine N. Elglaly, Kristen Shinohara

Introduction

Data structures offer a timely approach to infusing accessibility in computing,
both topically and pedagogically. Topically, data structures can connect with
concrete implementations where accessible solutions may be rooted.
Pedagogically, including accessibility in lessons about data structures may be a
first opportunity to expose students to accessible solutions, one that can be built
on in later courses. It also enables instructors to utilize real-world examples in

concert with data structures instruction.

Despite these benefits, few common curricular approaches to data structures
incorporate accessibility concepts. In fact, many rely on abstract concepts or toy
examples while focusing on implementation mechanics. Computing curriculum
that omits accessibility except in courses about web design risks producing
computing professionals who underestimate the knowledge and skill needed to
design and develop accessible solutions®. At the same time, most faculty beyond

HCI or web design are insufficiently equipped to include accessibility topics*®.

Graphs + Sidewalk accessibility
Learning objectives
Topics: Graphs, Dijkstra's shortest path algorithm, and sidewalk accessibility

Data structures content: This assignment focuses on the implementation of
Dijkstra’s single-source shortest path (SS5P) algorithm using graphs. As students
work on this programming assignment, they will learn by implementing about
several graph concepts, such as directed graphs, weighted graphs, neighbors,
path, and graph breadth first traversal.

Accessibility content: This assignment introduces students to the topic of
accessibility of sidewalks for people with disabilities. Factors that may make
sidewalks inaccessible to wheelchair users or blind people are the lack of curb
ramps, existing obstacles, e.g., a tree branch, and the texture of the sidewalk,
such as slippery surfaces or cracks. Sidewalk accessibility requirements are
specified by the ADA and cover details such as the width and the slope of the
sidewalk.

Assignment overview

The goal of this assignment is to develop a program that finds the most accessible
path between two locations. The program should accept a csv file and source and
destination nodes as input. The csv file holds graph data that are represented by a
node label and the weight of edges connecting this node to other nodes in the
graph. The weight of an edge represents its accessibility score. The program
should analyze the csv file and display the shortest path from the source node to

the destination node and its weight.

Students were given skeleton code to guide them through the implementation of
Dijkstra SSSP algorithm. Some implementation decisions were made for the
students, such as using a minimum heap to hold the weight values of the graph
nodes. The implementation of the SSSP algorithm was broken down into several
methods for students to write their code, such as computing the shortest path
from source node to each reachable node, and creating the list of nodes that

represents the shortest path between the source and destination nodes.

To engage students with real-world sidewalk accessibility data, we used

the Project Sidewalk’s API to build the csv files used in this assignment. Project
Sidewalk is an open-source web-based ool for collecting street-level accessibility
data using crowdsourcing (volunteers and paid workers)®. To further engage the
students with the accessibility learning objectives, students were asked to query
the online API provided by the Project Sidewalk and create new csv files with
proper data formatting for their own testing. This exercise helped students to
learn about data querying and data wrangling.
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StreetReaderAl is not just a context-

aware description tool for streetscape
Images

StreetReaderAl is an accessible,
Immersive, and interactive street view
map experience



EXAMPLE



Search for a location to go to. ®

Q Nearby (@) Virtual Tours

what's the nearest bus stop?

The nearest bus stop is just to your right, across the
street. It's a bit further down the block, but it's the
only one visible in your current view.

Listening...

End Conversation

o
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) Wind
(KIR)

Google

&8 MapData Terms

only one visible in your current view.
Where's the bus stop?

The bus stop is behind you. It's on the other side of
the street.

Great. Let me know if you have any other questions.

turn me to towards the bus station

what's ahead of me.

The bus stop is directly ahead of you. There are
benches and a covered area.

are there any shelters in this stop?

Yes, the bus stop has a covered shelter with
benches.

Ask a question about this location...

End Conversation
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DESIGN PROCESS

ITERATIVE DESIGN PROCESS

Test &
/ Iterate \
Rapid Co-Design Feedback User Study
Protc?t o with Cross- Sessions with — with 11 Blind
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DESIGN PROCESS

FOUR CORE USER TASKS

2

4
\

POl Investigations Route Planning Open-Ended Exploring Virtual Tourism

What does a place look like? What does my route look like? / just want to explore... I've always wanted to visit...


https://thenounproject.com/icon/poi-2801400/
https://thenounproject.com/icon/route-optimization-7193198/
https://thenounproject.com/icon/tourism-2059539/
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Are there curb cuts at the intersection in front of me?
How many lanes of traffic are there on Hayes Street?
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image analySiS | -4 Are there curb cuts at the intersection in front of me?

How many lanes of traffic are there on Hayes Street?

Are there any tactile markings to indicate the crosswalk?
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User Profile Current View Description

— -

—


https://thenounproject.com/icon/ai-7865331/
https://thenounproject.com/icon/place-7892484/
https://thenounproject.com/icon/ai-prompt-7906362/
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ARCHITECTURE

Al DESCRIBER: STATIC PROMPT

=< “You are an expert in describing visual scenes for
people who are blind or have low vision. You will

Prompt  be assisting users who are navigating Google
Instructions  Street View using a screen reader...”

[ alt J ¥ [d] e “| use a cane & a service dog for
qIR navigation. | prefer to walk and take
public transportation.”
Optional

User Profile
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Al DESCRIBER: QUTPUT

nic Al Describer
it Output
h />

. MLLM
Nic List of Mobility +
ntext Access Features
] &> Gemini <5 .o
& JSON JSON
'S Context-aware
View Description

mobilityFeatures: [There is a crosswalk in front of you,
down the hill”, “The crosswalk has painted white
stripes”, “There is a stop sign”, ..],

obstacles: [“There are cars parked on the street”, “You

need to walk down a hill”],
safetySummary: “Use caution when crossing..”,

“The image shows a view from Alamo Square in San Francisco with
the user facing northeast. In front of the user, across a street with
crosswalks, is a row of Victorian houses, known as the Painted Ladies.
To the right, about 35 meters away, is the Painted Ladies
Observatory.”
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Hayes St &, Steiner St, San Francisco, CA 94117, USA

DE00062 1
—— Mobility Obstacles ) ( Safety )

i
B The image shows a view from Alamo Square in San Francisco, with the
i user facing northeast. In front of the user, across a street with
B ¥ { crosswalks, is a row of Victorian houses, known as the Painted Ladies.

To the right, about 35 meters away, is The Painted Ladies Observatory.
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USER STUDY



STREETREADERAI USER STUDY

LAB-BASED USER STUDY

7N

11 Blind Participants

All cane users
Mixed familiarity with Al

POI Investigations Open-Ended Exploring Virtual Tourism

What does a place look like? / just want to explore... I've always wanted to visit...
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Yes, there are a few obstacles including some tables
and chairs on the sidewalk as well as a sandwich
board sign on the right. There is also a vehicle
parked on the street. Be careful when walking in this
area.

Are there any curb ramps in the image?

Yes, there is a curb ramp visible in the image in front

of you. It appears to be on the other side of the
street.

Are there any crosswalks in this area?

Yes, there is a crosswalk in front of you. It appears to
be a standard painted crosswalk.

Are there any accessible pedestrian signals around
this area?

Based on the image, | do not see any accessible
pedestrian signals. There are standard traffic signals
at the intersection but | cannat confirm if they have
an audio component.

Ask a question about this location...

End Conversation
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USER STUDY

LAB-BASED USER STUDY

7/ I\l

11 Blind Participants

All cane users
Mixed familiarity with Al

POI Investigations Open-Ended Exploring Virtual Tourism

What does a place look like? / just want to explore... I've always wanted to visit...
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USER STUDY

TASK 1: POI INVESTIGATIONS

11 Blind Participants

All cane users
Mixed familiarity with Al

POl Investigations

What does a place look like?
/
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“You plan to take your two
young nieces to an unfamiliar
playground. Your goal Is to
learn about the playground
before going”



PLAYGROUND EXAMPLES
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USER STUDY

TASK 1: POI INVESTIGATIONS

11 Blind Participants

All cane users
Mixed familiarity with Al

POl Investigations

What does a place look like?
/
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USER STUDY

TASK 2: OPEN-ENDED EXPLORING

‘r W\
o

Open-Ended Exploring

11 Blind Participants

All cane users
Mixed familiarity with Al

/ just want to explore...
/
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USER STUDY

TWO EXPLORATION SCENARIOS

...........

009
Google

Explore Route to Ice Cream Shop

Walk east to explore the route
110 meters: ~4 heading changes, 12 steps



USER STUDY

TWO EXPLORATION SCENARIOS

i
i
E
W
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Teleported
You telep: 78 from 399 Ave Sin
Wayzata, Minnesota, US to 3 Rue de la Cométe in Paris, lle-
de-France, FR, There are 20 places nearby. The top 4 places
within 50 meters include: A restaurant, Thoumieux, a hotel,
Hétel Thoumieux, and a laundry, Laverie, are to your right
less than 11 meters away and a pharmacy, Pharmacie de la

| Comete, is behind you 22 meters away. You are facing

| South. You have visited this pano 2 times before. Your last

Northeast. In front of you: an ice cream shop, Ben & Jerry's
is 21 meters away and a fitness center, the barre Wayzata is

Explor Route to Ice Cream Sop | - Explore Route to Japanese Restaurant
Walk east to explore the route Walk north then west to explore the route

110 meters: ~4 heading changes, 12 steps 75 meters: ~7 heading changes, 5 steps



USER STUDY RESULTS



USER STUDY RESULTS

OVERALL REACTIONS

Usefulness Use in Future?

6.4/7 6.6/7



“Most navigation systems can get you to
the last 5-10 feet but this helps get you
to the door and even describes it"

-P10



“This (s just so exciting—having a
conversation about the street [with
Al]... this s really amazing”

Screen Reader User
StreetReaderAl
Collaborator



USER STUDY RESULTS

KEY PROBLEMS
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95

Orientation
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Truth?

/NN

System Limits

GIS Data
O Image Data
%%

Conflicting Info
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USER STUDY RESULTS

Al SYSTEM USES (N=1,053)

Strong tEY\dency

/ rowards Al Chat
Al DESCRIBER Al CHAT

12.9% - 87.1%

136 Instances 917 Instances



USER STUDY RESULTS

Al SYSTEM USES (N=1,053) S

/ rowards Al Chat
Al DESCRIBER Al CHAT
12.9% - 87.1%
136 Instances 917 Instances

“The more you ask,

the more you learn”
-P10



What questions do blind people
ask a street view system?



USER STUDY RESULTS

QUESTION TYPES (N=917)

Spatial orientation
Object existence
Description requests
Object/place location
Followup questions
Nearby places
Niceties/gratitude
Directions
Clarifications/confirmations
Safety/accessibility
Commands
Entrance-related
Additional info requests
State/condition inquiries
Signage reading

*Each question could be tagged with up to 3 categories

0%

10%

Percentage of Al Chat Interactions

20%

30%



USER STUDY RESULTS

QUESTION TYPES (N=917)

Spatial orientation
Object existence
Description requests
Object/place location
Followup questions
Nearby places
Niceties/gratitude
Directions
Clarifications/confirmations
Safety/accessibility
Commands
Entrance-related
Additional info requests
State/condition inquiries
Signage reading

I R 21.0%
Wk
I 1849
T 14.9%
T 14.4%

I 9.3%

I 8.0%

I, 7.3%

I 6.4%

I 5.6%

I 4.4%

I 3.3%

I 3.2%

N 0.1%

B 1.6%

0% 10% 20%

*Each question could be tagged with up to 3 categories Percentage of Al Chat Interactions

30%



USER STUDY RESULTS

QUESTION TYPES (N=917)

I, 270%  “How far is the bus stop to

Spatial orientation
Object existence
Description requests
Object/place location
Followup questions
Nearby places
Niceties/gratitude
Directions
Clarifications/confirmations
Safety/accessibility
Commands
Entrance-related
Additional info requests
State/condition inquiries
Signage reading

I — 26.5%

I — 18.4%
— 14.9%
I 14.49%
I 9.3%
I 8.0%
I 7.3%

I 6.4%

I 5.6%

N 4.4%

B 33%

B 3.2%

B 2.1%

B 16%

0% 10% 20%

*Each question could be tagged with up to 3 categories Percentage of Al Chat Interactions

where I'm standing?”

“Which side is the bus
stop sign on?”

‘What's to the left of this
building”

30%



USER STUDY RESULTS

QUESTION TYPES (N=917)

R 21.0%

Spatial orientation
Object existence
Description requests
Object/place location
Followup questions
Nearby places
Niceties/gratitude
Directions
Clarifications/confirmations
Safety/accessibility
Commands
Entrance-related
Additional info requests
State/condition inquiries
Signage reading

T 26.5%
I — 18.4%
— 14.9%
I 14.49%
I 9.3%

I 8.0%

I 7.3%

I 6.4%

I 5.6%

N 4.4%

B 3.3%

B 3.2%

B 2.1%

B 16%

0% 10% 20%

*Each question could be tagged with up to 3 categories Percentage of Al Chat Interactions

30%

Is there a bench?”
“Are there soccer fields?”

“Is there a crosswalk?”



USER STUDY RESULTS

QUESTION TYPES (N=917)

Spatial orientation
Object existence
Description requests
Object/place location
Followup questions
Nearby places
Niceties/gratitude
Directions
Clarifications/confirmations
Safety/accessibility
Commands
Entrance-related
Additional info requests
State/condition inquiries
Signage reading

*Each question could be tagged with up to 3 categories

R 21.0%
I 26.5%
I 18.4%
— 14.9%
I 14.49%
I 9.3%
I 8.0%
I 7.3%

I 6.4%

I 5.6%

N 4.4%

B 33%

B 3.2%

B 2.1%

B 16%

0% 10%

20% 30%

Percentage of Al Chat Interactions

“What's in front of me?”

‘What do you see?”



Al model accuracy is critical



USER STUDY RESULTS

QUESTION RESPONSE ACCURACY (N=816)

800
600
S 400
e
200
0
Correct Could Not Incorrect Partially
Answer Correct

Response Accurac y



USER STUDY RESULTS

QUESTION RESPONSE ACCURACY (N=816)

{Gemini Flash 2.0 }
86.2% No custom training

800
600
S 400
e
200
0
0.6% 3.9% 3.2%
0 - I I
Correct Could Not Incorrect Partially
Answer Correct

Response Accurac y



USER STUDY RESULTS

QUESTION RESPONSE ACCURACY (N=816)

800
86.2%
600
. )
Could Not Answer Questions
5 200 " What buses use this bus stop?
g " What food is served at this restaurant?”
"What's the exact distance between two objects"
NS /
200
0
0.6% 3.9% 3.2%
0 - I I
Correct Could Not Incorrect Partially
Answer Correct

Response Accuracy



USER STUDY RESULTS

QUESTION RESPONSE ACCURACY (N=816)

800
86.2%

600

Common Errors

400 Misidentifications
False negatives
Out-of-view problems

Responses

NG J
200 A
| !
0

0.6% 3.9% 3.2%

0 - I I
Correct Could Not Incorrect Partially

Answer Correct

Response Accurac y
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Correct answer: no pedestrian signals

what's ahead of me.

The bus stop is directly ahead of you. There are
benches and a covered area.

are there any shelters in this stop?

Yes, the bus stop has a covered shelter with
| B e benches,

is there an APS system nearby?

I'm sorry, but | don't have the ability to detect APS
systems.

® Llistening...

ol y Are there any pedestrian
; - ,,' - < Signals nearby? : o . EndConversation
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In some cases, system behaved
inconsistently and unpredictably
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But StreetReaderAl also gets it right
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User asks a question before
the target is visible In Image
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Search for a location to go to. ®

Q) Nearby (2 Virtual Tours
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Turn East.
Okay

move forward 100 m

ARl .

Ckay, | have moved you forward.
Verizon move forward
Okay, | have moved you forward.
forward to Ben & Jerry's

Okay, | have moved you forward. Ben & Jerry's is to
your left.

® Listening... [N

End Conversation

O
IR . N Yk

{
f
|

Keyboard shortouts | © 2025 Google Report a problem



© Nearby

(@) Virtual Tours

Co

eld Con
.;‘e

sulting §

&8 Map Data

TermsJ

©000

Generate Description ‘

um 0
»Wo’« '

Aim el Outdoor Seatmg
Target now in view, Al
gets |t rlght

IS ¥nara zn olticdaor
sazilne) oueslels €na Ban Jarkys siofd?

Listening...

—

End Conversation




CV4A11ly

ICCV’'25 Workshop

Q

02

Agentic Al

“Does the cafe entrance look accessible? Where is the door?”’
Towards Geospatial AI Agents for Visual Inquiries

Jon E. Froehlich'?  Jared Hwang! Zeyu Wang!
Yang Zhang®  Alex Fiannaca*

John S. O’Meara! Xia Su!  William Huang?
Philip Nelson?  Shaun Kane?

"University of Washington  2Google Research  3UCLA “Google DeepMind

jonf@cs.uw.edu

Somemary uty ) (Costacien

You are facing a multi-story brick building with the words
"IRVING FARM NEW YORK" written boldly above the entrance.
To your left, there are some tables and chairs. There is a sign

for Thompson Street on the right.

Generated in 314 seconds

Regenerate

Is there a pedestrian light here?

Yes, there appears to be a pedestrian light on
the corner.

= Y < ' K Where is the cafe entrance and what does it
A > look like?

The cafe entrance is on the corner. It has a black
doorframe. Careful, as there appear to be A-
frame signs in front of the door.

Is there a curb ramp at the corner?

Yes, there is a curb ramp at the corner.

Figure 1. We introduce our vision for Geo-Visual Agents—multimodal Al agents capable of understanding and responding to nuanced
visual-spatial inquiries about the world by analyzing large-scale repositories of geospatial images combined with traditional GIS data
sources. For example, StreetViewAl [14] (above) makes street view accessible to blind users by combining geographic context, user
information, and dynamic street view images into an MLLM, accessed via an Al chat interface and accessible screen reader controls.

Abstract

Interactive digital maps have revolutionized how people
travel and learn about the world; however, they rely on pre-
existing structured data in GIS databases (e.g., road net-
works, POI indices), limiting their ability to address geo-
visual questions related to what the world looks like. We
introduce our vision for Geo-Visual Agents—multimodal
Al agents capable of understanding and responding to nu-

1. Introduction

Over the last two decades, precise location sensing, per-
vasive internet connectivity, and interactive digital maps
have transformed human mobility from travel planning to in
situ navigation.. Despite these advances, current mapping
systems are confined to pre-existing structured geospatial
data, leaving a vast repository of visual information—latent
within street-level, aerial, and user-contributed imagery—

Proposes a
more agentic
approach
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Join us. Together, let’s transform access to the world!
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