7z

n1 GEOR

UNIVERSIT

(A
m

<

Interaction Dynamics for
Crowdsourced Obstacle Data

Matt Rice (presenter)
Kevin Curtin, Manzhu Yu




Dr. Matt Rice

»  Ph.D. (2005), UC Santa Barbara / NCGIA
» GMU Associate Professor
» Program Director, MS Geographic and Cartographic Sciences

» President (2017-2018), Cartography & Geographic Information
Soctety (CaGlIS)

»  rice(@omu.edu

»  http://mason.gmu.edu/~mrice4

»  http://geo.gmu.edu



http://mason.gmu.edu/~mrice4
http://geo.gmu.edu/

Personnel

» Dr. Matt Rice (GMU)
» Dr. Kevin Curtin (Alabama) B
» Dr. Manzhu Yu (Penn State)

» Collaborators: Dr. Dieter Pfoser (GMU), Dr. Sven Fuhrmann
(GMU), Mr. Douglas Caldwell (USACE-ERDC/GRL), Dr. Han

Qin

Student assistants: Toby Williams, Rebecca Rice, Rodney Vese,
Eric Ong, Kelsea Ciarocca, Megan Rice, Chris Seitz

Funding: USACE/ERDC, BAA #AA-10-4733, Contract #W9132V-11-P-0011



http://mason.gmu.edu/~mrice4/
https://geography.ua.edu/people/kevin-m-curtin/
https://geography.ua.edu/people/kevin-m-curtin/

Motivations

Haptic SoundScapes Test Map A
University of California, Santa Barbara
For Best Results use Internet lorer
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» Barriers: Print and Movement
» Wayfinding and Accessibility

» Non-visual mapping interfaces

Rice et al. (2005), Golledge et al. (2005, 20006)




Non-accessible accessibility

B2
University Townhouse Complex
4260 Chain Bridge Road

FAIRFAX CAMPUS
4400 University Drive
Fairfax, VA 22030

Physical Accessibility Map

703-993-1000
Student Townhouses
1 Aquatic and Fitness Center  Commons
2 Buchanan House 6 Amherst
€ Fields 3 Carow Hall 63 Brunswick
Future Si 4 Carty House 64 Carroll
Admin. S Center for the Arts/ 65 Dickenson
Spuhler Lot smine, Concert Hall 66 Essex
Field Closing %, 6 Ceniral Heating/Cooling 67 Franklin
General Fall 08 L] Py % Plant 68 Grayson Hall
= g 7 Child Development Center o Hanover Hall
A 8 Clock
roe + A Future Site of 10 Cross G
Mason L5 Facultyistaft ross 71 Dominion
Practice Stadium & Housing 11 David King Hall
Field Future Site of IS 12 East Building 72 Liberty Square

Housing VIIC 13 Enterprise Hall 73 Potomac Heights/

14 Facilities Administration Housing Office

15 Facilities Management,
Customer Service Center  Presidents Park

16 Fenwick Library T4 Adams
17 Field House and Module 75 Eisenhower

18 Fine Arts Building 76 Eisenhower Extension
19 Finley Building 77 Harrison

20 George Mason Statue 78 Jackson

21 Harris Theater 79 Jefferson

22 Innovation Hall 80 Kennedy

23 Johnson Center 81 Lincoln

24 Kelley Il 82 Madison

25 Krasnow Institute 83 Monroe

26 Krug Hall 84 Roosevelt

27 Lecture Hall 85 Truman

28 Mason Hall 86 Washington

29 North Chesapeake Module 87 Wilson

30 Northeast Module

31 Northeast Module 11 88 Student Apartments

32 Parking Deck, Mason Rev. 9/08

33 Parking Deck, Sandy
Creek

34 Parking Services

35 Patriot Center

36 Performing Arts Building

37 PE Building

38 Recycling Center

39 Research

40 Rivanna Module

41 Robinson Hall A

42 Robinson Hall B

43 Science and Tech T

44 Science and Tech 11

45 Student Union I

46 Student Union It

47 South Chesapeake Module

48 TheaterSpace/Black Box

49 Thompson Hall

LOTA
General

MAP LEGEND
@  Visitor information desk or kiosk
Wl suiings

——  Existing roads and walkways

50 University Police

51 Visitor Information

52 Warchouse

53 West Building

Metro 54 West PE Module
Bus Stop

—— Routes along ADA-compliant walkways

Lot c Residential
Walkways with slopes steeper than ADA Gonbral o
guidelines (arrows indicate downward slope) o .mp e
e Ridge
0 I 56 Northern Neck
<& Building entrances with ramps and assisted doors 57 Piedmont

Patriot Square

58 Shenandoah
19 Braddock Rd.

59 Skyline Fitness Center
60 Southside Dining
61 Tidewater

=== A2 Handicapped Parking showing location
and number of spaces
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Summary

» Accessibility facilitates equity, participation, access to
public space, transit, employment

» Geoaccessibility uses maps, geospatial information, and
GIS to understand obstacles and enhance access

» Key: high-quality, high-resolution geospatial data and
real-time updates

» Challenges: Modes of communication, infrastructure,

interaction dynamics




GEOCROWDSOURCED DATA
COLLECTION



Obstacle Reporting Systems

We are creaticg a focl % report
couades 0n L e
campus, and seppon the
navigation for our communiy
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Obstacle Details
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GMU Geocrowdsourcing Testbed:
Obstacle Report

Report ID:
Report date:
Obstacle type:
Obstacle impact:
Image:

Duration:
Urgency:

Location Comment:

Obstacle Comment:

Status:

Confirm this report

—— . ey

raior Cjr

| B)

report_000424
8/14/2015 16:51
sidewalk obstruction,construction detour

im 1)
Long (> 7 days)
Medium

Near the corner of Patriot Circle and George
Mason Blvd, south of Merten Hall

Construction barrels & sign board for detour and
road closures

submitted/in process/under review

Patnot Cir

Patric




Mobile Web Application (v.1)

OOOOO AT&T = 2:48 PM 70} 48% W)

» Web application w %
Filter New Report
» Google Maps, Sencha v 'g? ) o

]
Psychology ectufe Hall

Touch S5
8

» Purpose: data collection g

rug Hall \
Fenwick L

i-A Y4
[ Student Union Building |
Robinson Hall
George Mason U
Robinson Hall B
in 2.
7A
: i ' @
a
Johnson Center Library
rftoltigl‘le 2 George Mason
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e Map data ©2015 Google Terms of Use




Mobile Web Application

ooooo AT&T = 5:42 PM 7 % 84% W)

» V.2 ¢
» Turf, Mapbox

ahmadmaps.com/chapter4 |

Closest obstacles

ID:11_1->Acurb

» Primary: Obstacle interaction crak ne... mor
With movement Hide obstacles

} Latency iS Sue S Rlanetary Hall Exploratory Hall




Native Mobile Application (v.1, iPad)

11:51 AM

7 96% .

Routing

®eee0 ATET LTE

patriot Cit

patriot Cir
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obstacle_38

There is a big area
surrounded by a orange

227m -39.46°

obstacle_34

Construction fencing,
barricades, and deep hole for

298m -38.26°

obstacle 29

The hand railing that shoudl
be mounted to hold for
29m -35.23°

obstacle_38

Name

Description

There is a big area surrounded by a
orange small fence, and cones in the
nearby area, which block the entire
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Native Mobile Application

» Swift for 10S e
. Explore Routing ]
» Responsive
» Modes: Explore/Routing
. ma
» Chimes/cues -
» 100 ft. interaction buffer 3
» Stable trajectory/compass g :
®
0. ¢

T2 Kelsey_report_000367(mod)

orange barrel partially blocking sidewalk

N 19m -1.79
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49.8

Average Positional Error: 21.0 m
Standard Deviation: 21.9 m




24.6 %
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Average Positional Error: 14.1 m
Standard Deviation: 12.3 m

®41.5




QUALITY ASSESSMENT



Quality Assessment of Geocrowdsourced Data

Elements of Spatial Data quality (Guptill and Morrison 1995, Veregin 1999)

Semantic
Accuracy

Quality Assessment Studies:
» National Map Accuracy Standards, NSSDA, GIS

» Haklay (2010), Girres and Touya (2010): Horizontal Positional Accuracy of
OSM data is +/-6 meters [“Haklay Distance”]

» Goodchild & L1 (2012) Quality Assessment methods for VGI
» Camponovo & Freundschuh (2014): Accuracy of attributes, categorization

» Good review: Senaratne et al. (2018)



https://onlinelibrary.wiley.com/doi/full/10.1111/j.1467-9671.2010.01203.x
https://doi.org/10.1016/j.spasta.2012.03.002
https://doi.org/10.1080/13658816.2016.1189556

Quality Assessment of Geocrowdsourced Data

Elements of spatial data quality (Guptill and Morrison 1995, Veregin 1999)

Semantic
Accuracy

Goodchild and Li (2012) Three methods of assessing VGI data quality:

Social Approach : Crowdsourced Approach Geographic Approach
Project researchers field Based on Linus’ Law; if Crowdsourced data is
check and moderate enough people contribute, compared to official data
crowdsourced data errors will be corrected and known geographic

(Haklay et al. 2010) phenomena

Our approach: Social moderation = hybrid crowdsourcing




Obstacle Report Attributes

Report Attribute Format Categories Required
Selected from calendar,

Date & Time of or typed to fit v

Observation MM/DD/YYYY
HH:MM format
Click-drag of locator

: icon (web), or GPS-

Lacation {,X) coordinates from L
device (mobile)

Location (text)  Text box N

sidewalk obstruction,
construction detour,

Obstacle Type  Selection menu entrance/exit problem, Y
poor surface condition,
crowd/event, other

Obstaf:le_ Text box N
Description
Short (<1 day), Medium
Duration Drop-down menu (1-7 days), Long (>7 X
days)
Urgency Drop-down menu Low, Medium, High Y

GEORGE Image Image upload N
MAS = soTp




Quality Assessment Variables

Quality Assessment Variables Score Rank Weight (%)
QA: Moderator Quality Score 1-5 1 20
QA: Location (X,Y) 0-1 2 1%
QA: Image Quality 0,1,2,3 3 15
QA: Urgency 0,1,2 4 12
QA: Obstacle type 0.1.2 3 11
QA: Duration 0,1,2 6 10
QA: Temporal Consistency 0,1 7 6
QA: Location text 0,1 8 5
QA: Completeness scz(l)ljdogyz)-l 9 4

100




Index Image

Date October 19 2016 18:23:35
Device_Mod Phone S

Lens_Model Phone 5 back camera 4.12mm f/2.4
latitude 33.825208

longitude  -77.305503

Image_Dre 57.574675

Date October 19 2016 18:25:43

Device Mod Phone 7

Lens_Model Phone 7 back camers 3.95%mm /1.8
lastude 38.829181

fongtude  -77.30545

Image Dire 86.075812

Date October 29 2016 11:52:37
Device Mod Phane & Pis
Lens Model Phone & Plus back camers 4. 15wm /2.2
labtode 33.829119
kngitude  +77.305467
Image Dre  97.353086

Date October 29 2016 11:52:56

Device_Mod Phone 6 Phs

Lens_Model  Phone 6 Plus back camera 4. 15mm £/2.2
latitude 3_8d117

longitude  -77.305442

Image Dre 176,126638

Positional Error Summary

Average Positional Error: 6.60 m
Standard Deviation: 0.89 m




Evolving quality assessment elements

Positional Error Summary

Average Positional Error: 6.60 m
Standard Deviation: 0.89 m

[Indeximage

Directional Vector Summary

Magnetic Declination: -10.65*

Index Image

Obstacle Images Convex Hull

Buffer regron 5 metes

! 6\3 ./ | G =
nl 7 * | *
sl ==
Table 2. Quality assessment elements in the evolving GMU-GeT
Desktop/mobile Image share
QA: Location (X, Y) Metric Derived
QA: Location text Binary Binary-complex
QA: Temporal consistency Binary Derived
QA: Obstacle type Categorical Not applicable
QA: Duration Categorical Not applicable
QA: Urgency Categorical Not applicable
QA: Image quality Ordinal Ordinal
QA: Completeness Metric Not applicable
QA: Moderator quality score Ordinal Not applicable

bz




EXPERIMENTATION WITH AN IMAGE-
BASED GEOCROWDSOURCING SYSTEM



How many contributors does it take?

Haklay et al (2013) “How Many Volunteeers... >’
» Experimentation (2018, with T. Williams)
» 19-21 contributors

» Mobile phone-based app

» 13 features of various sizes

Average Positional Error: 6.60 m
Standard Deviation: 0.89 m
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L4 kelsey_report_000367(mod)
# orange barrel partially blocking sidewalk
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https://www.tandfonline.com/doi/abs/10.1179/000870410X12911304958827
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THROUGH YOUR
EDUCATION

Earn an advanced degree in Counseling or Clinical
Psychology right here in downtown Washington D.C
and help provide high-quality mental health services
for those who need it most.




Collective Object Positioning

» 21 contributors

» Calculation of
every subset

» n=1, 211/11%20!
» n=2, 211/21%19)

» n=21

bJ

» n=1, 8.4m
» n=21, 3.9m

./30.4m

average error (n=1): 8.4m

average error (n=21): 3.9m

11.0m




n=1, 9.1m
n=21,4.7m

s 5.8m
/s 7.0m
P
/
/
/
6.1lm |
| y
\
\
N
. 87m 5.2m
AN
~ 6.8m

16.9m
26.7m
N
N
\ 27.0m
\
\
7.2m ‘]
“ 19.0m
J
/
/ 27.5m

average error (n=21): 4.7m

-

average error (n=1):9.1m




Distance from Ohstacles A—M (m)
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Collective Positioning

Increased Accuracy with Increased Contributions

8.55 7.70
8

4.64

4.07

Vean Distance from Obstacle (m)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Number of Contributions

—e—Mean Collection Error Per Number of Contributions =—e=Mean Collection Errors for All Contributions (4.64m)

—e—Mean Minus 3 Standard Deviations Mean Plus 3 Standard Deviations




Lessons Learned

» Quality assessment of collective data 1s essential
» 3 ways to do it: social moderation, geocrowdsourcing,
rules-based approaches (Goodchild & Li 2012)

» Social moderation (moderator field check, fix errors)
can work well for small areas, but is expensive

» Categorization is difficult, even for trained data
contributors

° Problems: semantic, ontological, perceptual
» There 1s a need for a simpler system with automation

» Our current approach: image-based, collective
positioning




Lessons Learned

» Our current approach: image-based, collective
positioning

» 4-5 independent contributors achieved < 6.0m of
positional accuracy

Increased Accuracy with Increased Contributions

9
8.55 7.70

8

7
£
L6
=]
£
a
o) < 4.64
£
8 \
]
c 4 —————
£ 4.07
2
s 3
5}
= 1.59

2

1

0

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Number of Contributions
—e—Mean Collection Error Per Number of Contributions —e=Mean Collection Errors for All Contributions (4.64m)

—e—Mean Minus 3 Standard Deviations Mean Plus 3 Standard Deviations




MOBILE GPS ACCURACY, AND
DYNAMIC OBSTACLE ALERTS



Fréchet Distance

» Old measure (19006)

» Fréchet Distance for curves P and Q, from Brakatsoulos

et al. <2005> Discrete Frechet Distance of curves P and G 2.1124

USF IFoTength

— = | |
a5k — D |




Mobile Device GPS Study

creand_da 3
75 overcast > ] ROONEYVESE el s - rodneyvess
GMU - = ~ aatec 1 B80S B 4 % [ -
Accuracy . e N M SHAPE STLe2012 65641 3 - L g
Asssssments o X g - " a last_egits  RODNEYVESE

rooneyvess g a1 882015
872015 o | ¥ Sl SHAPE_STLe2036.392522
~ N 475!

last_ecite  RODNEYVESE
W lastedl 1 882015

SHAPE_STLe 2218495581

FrechetDis 64223

Time 780

Average Frechet Distances

Track Total

Track 1 5.89

iPhone 6 Track 2 5.11 5.92
Track 3 7.94
Track 1 5.26

iPhone 5 Track 2 6.68 6.72
Track 3 10.44
Track 1 8.71

iPhone4 Track 2 11.32 10.51

Track 3 13.15




Mobile Web Application (v.1)

OOOOO AT&T = 2:48 PM 70} 48% W)

» Web application w %
Filter New Report
» Google Maps, Sencha v 'g? ) o

]
Psychology ectufe Hall

Touch S5
8

» Purpose: data collection g
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Native Mobile Application (v.2)

» Swift for 108 |
. Explore Routin g ]
» Responsive
» Modes: Explore/Routing
. ma
» Chimes/cues 5@
» 100 ft. interaction buffer 3
» Stable trajectory/compass g -
®
0. ¢
T2 Kelsey_report_000367(mod)
orange barrel partially blocking sidewalk




User uncertainty, obstacle uncertainty
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Obstacle 11

Platform:
Web App

Interaction
Walking Speed

Obstacle Details

Type: Sidewalk Obstruction
Construction Detour

Location: On School St. on the sidewalk
across from the Commonwealth Care Center

Description: Sidewalk excavation.
Closed Sidewalk.

A iPhone 5 @ iPhone 6 W iPhone 6+ ¢iPad 2

Average Distance (ft): 79.1 76.4 79.3 76.6
Standard Deviation (ft): 8.4 8.4 8.9 T




Obstacle 11

Platform:
Web App

Interaction
Biking Speed

Obstacle Details

Type: Sidewalk Obstruction
Construction Detour

Description: Sidewalk excavation.
Closed Sidewalk.

Location: On School St. on the sidewalk
across from the Commonwealth Care Center

A\ iPhone 5

Average Distance (ft): 63.1
Standard Deviation (ft): 5.5

@ iPhone 6 B iPhone 6+
61.8 67.8
7.5 7T

¢ iPad 2

69.4
10.2




Obstacle 11

Platform:
Mobile App

Interaction
Walking Speed

Obstacle Details

Type: Sidewalk Obstruction
Construction Detour

Location: On School St. on the sidewalk
across from the Commonwealth Care Center

Description: Sidewalk excavation.
Closed Sidewalk.

A iPhone 5

Average Distance (ft): 93.6
Standard Deviation (ft): 7.3

@ iPhone 6 W iPhone 6+ ¢ iPad 2

92.6 91.6 95.3
1 7.1 7.4




Obstacle 11

Platform:
Mobile App

Interaction
Biking Speed

Obstacle Details

Type: Sidewalk Obstruction
Construction Detour

Location: On School St. on the sidewalk
across from the Commonwealth Care Center

Description: Sidewalk excavation.
Closed Sidewalk.

A iPhone 5

Average Distance (ft): 85.4
Standard Deviation (ft): 7.2

@ iPhone 6 @ iPhone 6+ ¢ iPad?2

88.3 86.6 78.5
7.4 5.8 6.1




Accuracy and Uncertainty, Interaction

Obstacle Details
Type: Sidewalk Obstruction
Location: School St. sidewalk near one of the

entrances to Inova Care Center, west of
George Mason Bivd.

Standard Deviation (ft)

Distances in ft Obstacle 11 Obstacle 367
(meters) WebApp MobileApp WebApp MobileApp
Walking 77.9 (23.7) 93.3 (28.4) 69.3 (21.1) 97.9 (29.8)
Biking 65.5 (20.0) 84.7 (25.5) 52.9 (16.1) 83.9 (25.6)

Table 2. Alert distances summarized by mode of travel and by application type




Summary

» Two barriers for persons with
vision/mobility impairment: print and
movement

» Physical accessibility can be facilitated
with information from maps, GIS,

spatial modeling, and geocrowdsourcing

» A major factor in the usefulness and

quality of this information is temporal
relevancy.

» Geocrowdsourcing is a key to quickly
gathering relevant data.




Summary

» Quality assessment (QA) methods,
borrowed and modified from GIS,
have been used successfully in many
projects

» Recent QA approaches are based on
image data and time/location elements
from mobile apps

» Interaction dynamics, based on QA
and GPS uncertainty, have been

explored to better understand the use

of the collected data.

» Native mobile apps can provide
proximity-sensitive warnings for

@ iPhone 6 ®iPhone 6+ ®iPad 2

crowdsourced obstacles e

65 6.2




Technical Reports

2012: https://apps.dtic.mil/sti/pdfs /ADA576607.pdf

2013: https://apps.dtic.mil/sti/pdfs /ADA588474.pdf

2014: https://apps.dtic.mil/sti/pdfs/ADA615952.pdf

2015: https://apps.dtic.mil/dtic/tr/fulltext/u2/1001943.pdf

November 2012

Crowdsourced Geospatial Data

A report on the emerging of and
geospatial data

Matthew T. Rice. Fabiana I Paez. Aaron P. Mulhollen, Brandon M. Shore

Department of Gecgraphy and Geoinformation Science
George Mason University

4400 University Drive

Fairfax, VA 220304444
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September 2013

Crowdsourcing to Support Navigation for the
Disabled

A report on the motivations, design, creation, and assessment of a testbed
environment for accessibility

Matthew T. Rice. Kevin M. Curtin, Fabiana |. Paez. Christopher R. Seitz, Han Qin
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September 2014

Quality Assessment and Accessibility Applications of
Crowdsourced Geospatial Data
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Geocrowdsourcing Testbed
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September 2015

Social Moderation and Dynamic Elements in
Crowdsourced Geospatial Data

A report on quality assessment, dynamic extensions. and mobile device
engagement in the George Mason University Geocrowdsourcing Testbed
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