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30.6
million U.S. adults 
have a mobility impairment

Source: US Census, 2010



15.2
million use an assistive aid

Source: US Census, 2010





No Curb Ramps



Physical Obstacles



Surface Problems



Incomplete Sidewalks



Physical Obstacles

No Curb Ramp

Surface Degradation





Accessible infrastructure 
has a significant impact 
on the independence
and mobility of citizens
[Thapar et al., 2004 ; Nuernberger, 2008] 



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

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



Our Vision
Design systems that transform the way urban 
accessibility information is collected and utilized.



Green-Yellows indicate 
inaccessible neighborhoods

Blues indicate an accessible 
neighborhoods

Interactive Visualization of Accessibility Data



Accessibility-aware Navigation
motivation

Routing for: Manual Wheelchair

1st of 3 Suggested Routes
16 minutes, 0.7 miles, 1 obstacle
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Showing alternate routes tailored to a person
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Investigating mobility barriers along the route



Accessibility-aware Navigation
motivation

Routing for: Manual Wheelchair

1st of 3 Suggested Routes
16 minutes, 0.7 miles, 1 obstacle

!

!

!

!

A

B

Route 1 Route 2

Investigating mobility barriers along the route



Accessibility-aware Navigation
motivation

Routing for: Manual Wheelchair

1st of 3 Suggested Routes
16 minutes, 0.7 miles, 1 obstacle
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B

Route 1 Route 2

Surface Problem
Avg Severity: 3.6 (Hard to Pass)
Recent Comments:
“Obstacle is passable in a manual chair but 
not in a motorized chair”

!

Investigating mobility barriers along the route



These applications have

Huge
Data
requirements



How do we get 
this data?

These applications have

Huge
Data
requirements



Safe Routes to School Walkability Audit
Rock Hill, South Carolina

Walkability Audit
Wake County, North Carolina

Walkability Audit
Wake County, North Carolina

Traditional Physical Audits



http://www1.nyc.gov/311/index.page

Mobile Reporting Solutions



Challenges of traditional data collection approaches? 
motivation

Slow, Manual, and 
Laborious

Huge Cost Localized



Our Approach: Remotely collect street-level accessibility information from 
Google Street View (GSV) using crowdsourcing and computation



Crowdsourced
Data Collection

Automated 
Data Collection

Accessibility-aware 
Application Design

How can we collect accurate street-
level accessibility data using 
crowdsourcing?

How can we combine automated methods 
to increase the data collection efficiency?

How can we leverage this unprecedented 
level of accessibility data to build new 
interactive GIS tools?



Crowdsourced
Data Collection

Automated 
Data Collection

Accessibility-aware 
Application Design

70% 20%10%

This talk will be…



Crowdsourced
Data Collection

Automated 
Data Collection

Accessibility-aware 
Application Design



Crowdsourced
Data Collection

Automated 
Data Collection

Accessibility-aware 
Application Design

1. How can we design a crowdsourcing system to collect street-level accessibility 
data from Google Street View?

2. How to quickly train crowd workers to accurately label accessibility features in 
Google Street View imagery?





Interactive tool that empowers anyone to virtually walk city streets and 
remotely label accessibility problems

http://projectsidewalk.io
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Interactive tool that empowers anyone to virtually walk city streets and 
remotely label accessibility problems

http://projectsidewalk.io

Start Exploring Seattle
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GSV exploration and 
labeling pane
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Labeling button menu bar
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Label icon
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Context Menu

Severity Rating
Description



Mission Progress Pane
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Route Guidance Top-down map

Turn-by-turn directions



Interactive tutorial
Project sidewalk system

1



Interactive tutorial
Project sidewalk system

1

2



Interactive tutorial
Project sidewalk system

3

1 2



Interactive tutorial
Project sidewalk system

…1 2 3



Deployment

18-month deployment ~ Fall 2016 - Spring 2018

Project sidewalk system

Washington DC



Data collected
DC Deployment

Labels
250,000+

Users
~800

miles
~3000

Volunteers Turkers



Label examples
Deployment

142,835
Curb Ramps

21,736
Obstacles

8309
Surface Problems

18,719
Missing Curb Ramps



More cities!
Deployment

Seattle, WA

37%
Seattle mapped

685+
miles covered

78,500+
labels



More cities!
Deployment

Newberg, OR

~50%
Newberg mapped

52
miles covered

6,825
labels



Open source & open data
Project sidewalk

https://github.com/ProjectSidewalk http://projectsidewalk.io/api

https://github.com/ProjectSidewalk
http://projectsidewalk.io/api


Stakeholder perceptions and concerns

Perceived Value

Usability

Concerns



Key stakeholders
Stakeholder perceptions and concerns

People with Mobility Impairments Caregivers



Key stakeholders

Accessibility Advocates

Stakeholder perceptions and concerns

Government Officials

.gov



Key stakeholders

Accessibility Advocates

Stakeholder perceptions and concerns

.gov
Government Officials

Elected Officials 
and other policymakers

DOTs



Perceived Value
What are the stakeholders’ perceptions and concerns?
Stakeholder perceptions and concerns

Enabled rapid data collection

Gathered diverse perspectives about accessibility

Helped engage citizens in thinking about urban design



Perceived Value
What are the stakeholders’ perceptions and concerns?
Stakeholder perceptions and concerns

It’s really good for a starting point. This is a
first observation, and when you send somebody
out in the field, they can see those observations
and pick up more information. It’s just neat!

-G4



What are the stakeholders’ perceptions and concerns?
Stakeholder perceptions and concerns

Concerns
Data age i.e., outdated GSV imagery or labels

Data reliability

Conflicted data



What are the stakeholders’ perceptions and concerns?
Stakeholder perceptions and concerns

My concern as a user [is that] someone said this
was accessible and I got there and it wasn’t
accessible, because everyone has different
opinions on accessibility.

-MI1

Concern: Conflicting Perspectives



Concern:
What are the stakeholders’ perceptions and concerns?
Stakeholder perceptions and concerns

I would have more confidence if different
people did it, did the same street.

-G4

Data Reliability



Dealing with mislabeling
Data Validation







Validation interfaces
Data validation



Mobile validation – try it!

Go to projectsidewalk.io on your 
phones

Data validation



Crowdsourced
Data Collection

Automated 
Data Collection

Accessibility-aware 
Application Design



Crowdsourced
Data Collection

Automated 
Data Collection

Accessibility-aware 
Application Design

1. What location-based applications should we design with the collected 
accessibility data?

2. How do we design these interactive GIS applications?



accessibility-aware Applications
Interactive gis tools

City accessibility visualizations Cross-city comparison tools

DC 
vs

Seattle

Smart routing for people with impairments



21,584
Obstacles

8,468
Surface problems

43,725
No Sidewalk

Visualizing accessibility
Interactive gis tools

What are the (in)accessible areas of the city?
Why are they (in)accessible?

Where are the areas with highest repair needs?



Modeling accessibility
Interactive gis tools

What are the correlates to accessibility?
How do we compare accessibility across cities?

vs vs



What are the stakeholders’ perceptions and concerns?
Stakeholder perceptions and concerns

My concern as a user [is that] someone said this
was accessible and I got there and it wasn’t
accessible, because everyone has different
opinions on accessibility.

-MI1

Concern: Conflicting Perspectives



access score: Personalizing accessibility models
interactive gis tools

[ASSETS’18 Poster] 



Crowdsourced
Data Collection

Automated 
Data Collection

Accessibility-aware 
Application Design



1. How can we use computer vision to automatically and accurately 
detect accessibility attributes?

2. How can we combine crowdsourcing and computer vision to increase 
the data collection efficiency?

Crowdsourced
Data Collection

Automated 
Data Collection

Accessibility-aware 
Application Design



1. How can we use computer vision to automatically and accurately 
detect accessibility attributes?

2. How can we combine crowdsourcing and computer vision to increase 
the data collection efficiency?

Crowdsourced
Data Collection

Automated 
Data Collection

Accessibility-aware 
Application Design





Computer vision can 
automatically find 
curb ramps



Automating data collection using computer vision
Other tools

Input image

Missing Curb Ramps Missing Curb Ramp

Curb Ramp



What more?



Temporal Tracking: Tools for tracking
sidewalk infrastructure over time using 
computer vision



Tracking Accessibility infrastructure over time 
Other tools

Nov 2016

Sept 2007 Jul 2009 May 2011 June 2011

May 2014 Aug 2014
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Help make the world more accessible for everyone!

Any Questions?

https://github.com/ProjectSidewalk http://projectsidewalk.io/api
manaswi@cs.uw.edu manaswisahaJoin us. Contact

https://github.com/ProjectSidewalk
http://projectsidewalk.io/api
mailto:manaswi@cs.uw.edu
https://twitter.com/manaswisaha

