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Introduction

stein et al. (2010) to include measures of trust and repu-

The creation of high fidelity scenarios for disaster simula- tation of the task performers. Third, we propose a num-
tion is a major challenge for a number of reasons. First, the ber of evaluation mechanisms for determining the quality of
maps Supp"ed by existing map pro\/iders (e_g_, Ordnance the maps gen(_arated usmg such free-form, creative drawmg
Survey! TeleAtlas) tend to provide only road or building ~ Micro-tasks. Finally, we aim to use the maps generated by
shapes and do not accurately model open spaces which peo-CollabMap to provide more accurate maps to emergency re-

ple use to evacuate buildings, homes, or industrial faeslit

sponders and to build simulations using an evacuation sim-

(e.g. the space around a stadium or a commercial centre bothulator such as RoboCupResgue help design emergency

constitute evacuation routes of different shapes and)sizes

response plans for the emergency planning department at

Secondly, even if some of the data about evacuation routes Hampshire County Council in the UK.

is available, the real-world connection points betweesehe
spaces and roads and buildings is usually not well defined
unless data from buildings’ owners can be obtained (e.g.
building entrances, borders, and fences). Finally, in orale
augment current maps with accurate spatial data, it would
require either a good set of training data (which is not avail
able to our knowledge) for a computer vision algorithm to
define evacuation routes using pictures (working on aerial
maps) or a significant amount of manpower to directly sur-
vey a vast area.

Against this background, we develop a novel model of
geospatial data creation, called CollabMap, that relies on
human computation. CollabMap is a crowdsourcing tool
to get users contracted via Amazon Mechanical Turk or
a similar service to perform micro-tasks that involve aug-
menting existing maps (e.g. GoogleMaps or Ordnance Sur-
vey) by drawing evacuation routes, using satellite imagery
from GoogleMaps and panoramic views from GoogleStreet-
View. In a similar vein to (Von Ahn, Liu, and Blum 2006;

Heipke 2010), we use human computation to complete tasks

that are hard for a computer vision algorithm to perform or

to generate training data that could be used by a computer

vision algorithm to automatically define evacuation routes

In so doing, we advance the state of the art in the follow-
ing ways. First, we propose the first crowdsourced map-
ping system that relies on large numbers of non-experts to

CollabMap

CollabMap crowdsources the task of identifying building
evacuation routes to a large number of users, by offering
them freely available data, such as satellite imagery (e.g.
Google Maps), panoramic views (e.g. Google Streetview)
and building shapes (e.g. Ordnance Survey and Open-
StreetMaf)) to carry out this task. By so doing, even users
not familiar with the location of a building or area can peten
tially contribute evacuation routes (though local inhabts

are expected to provide more accurate data and tasks could
be targeted at them if their location is known). The scope
of a task is a single building, and follows a workflow based
on the Find-Fix-Verify pattern proposed by Bernstein et al.
(Bernstein et al. 2010). Using this workflow, tasks are sub-
divided into multiple smaller activities, each carried byt

a different user, and fall into three categories: task ifient
cation, task execution and task verification:

Task Identification The IDENTIFIER actor draws on a map
the outline of a building for which no evacuation routes
currently exist. This activity is executed once per t&sk.

Task Execution The EXECUTOR actor first checks the
building outline drawn by thedENTIFIER. If it is correct,
she draws a single evacuation route on a map. This ac-
tivity can be executed multiple times, depending on how

generate maps that define and connect open spaces (occu- Many evacuation routes are identified.

pied by pedestrians or vehicles) to buildings and rdads.
Second, we extend the Find-Fix-Verify pattern by Bern-

Copyright(©) 2011, Association for the Advancement of Artificial
Intelligence (www.aaai.org). All rights reserved.
*Ordnance Survey is the UK’s national mapping service.
2Google‘s MapMaker(t tp: // www. googl e. conl mapmaker),
OpensStreetMap h{tp: // ww. openstreetmap. org) and Geo-Wiki
(http: /7 wwe geo-vi ki . org) @re crowdsourcing initiatives similar to

CollabMap but focus on defining where areas, buildings, adso

are rather than connecting the spaces around them.

3ht tp://ww. sf.net/roborescue

“Building shapes are available for a few countries, inclgdin
Germany and The Netherlands.

5This activity is only required if no data is available abouilt}-
ing shapes, or if the data provider disallows sharing dath wrli-
censed users, as is the case with Ordnance Survey.
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Come) (o) the (dis)agreements in its execution trace. To incentiise
? curacy and reliability, CollabMap awards a monetary bonus
_ to users with a high level of consensus and bars users whose
Figure 1:CollabMap’s task workflow represented as a UML ac- consensus level falls below a threshold.
tivity diagram.
yaag Future Work

Task Verification The VERIFIERIS shown all routes drawn
by EXECUTORS. She either rejects a single route that she
deems incorrect, or accepts all current routes. This &gtivi
is executed after every Task Execution activity.

CollabMap leverages the wisdom of crowds to augment ex-
isting maps with evacuation routes and spaces that are-essen
tial for the preparation and simulation of large-scale evac
ation procedures. CollabMap is still at an initial staged
Figure 1 shows the detailed interactions between these we are currently working on a production version that will
three activities represented as a UML activity diagramsThi  be deployed on Amazon Mechanical Turk. Future work will
workflow is designed to ensure that each contribution by a investigate the use of GPS traces to more accurately assess
user is independently verified by another. Moreover, users the output of CollabMap and the reputation of users. In ad-
have only partial control of the end resultERIFIERS assess dition we intend to further improve reputation metrics lthse
the validity ofall routes, but can only reject a single route, on the familiarity of a user with the area (inferred from her
and IDENTIFIERs can only draw a single route. In so doing, physical location). Finally, we wish to maintain task execu
CollabMap aims to achieve a higher level of trustworthiness tion traces as thprovenance of evacuation routes using the
and reliability of the end result compared to a system that Open Provenance Model (Moreau et al. 2010), in order to

collects evacuation routes without independent verificati make the processes that led to their creation more transpar-
Figure 2 shows the user interface foxECUTORS® Note ent and auditable.
that the questions above the drawing area correspond to the
decisions points in the workflow for>BECUTORSs. ) ACl_(nOW|edgementS )
. . . This work was carried out as part of the ORCHID project
Metrics, Reputation and Incentives funded by EPSRC (EP/I011587/1).
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