
 

 

 

 
 
 

 
 

 
 
 

 
 

Road Hazard Point Acquisition 
 

The Smartphone Way 

 
 
  

 
Author:  Jorrit Jorritsma  

UU ID:  3399400  
 

 
Supervision :  prof.  dr.  ir. Arnold Bregt  
  ir. John Stuiver  

  dr. ir. Arend Ligtenberg  
   

 
Version:  1. 6 Final  
Date:   5 February 2012  

 
 

 
 
 

 
 

 
 
  



 

 

 
 
  



Road Hazard Point Acquisition  

1 
The Smartphone Way  

 
 

 
 
 

 
 

 

Summary 

The goal of this thesis is to research the usability of smartphones for the acquisition of 
road hazard points as well as research the quality of the reported hazards and see if 

that matches the requirements. For the purpose of this research a smartphone ap p 
was developed on the Android platform that integrates with backend infrastructure 

developed in the Amazon cloud. Information gathered in the backend is then imported 
in the Shell standard Geomatics  infrastructure  for use in journey management . A pilot 
wa s co nducted in Gabon, Iraq, Oman and the United Arab Emirates , and from this pi-

lot results were gathered.  
The   hazard acquisition system  has received quite some positive feedback  from many 

of the participants of the pilot and other people involved. Use of  the Amazon cloud in 
combination with consumer electronics and standard  tools, while able to handle r e-

stricted information in an approved way , is  considered  a great  accomplishment.  
The app  is assessed as easy to use for most users, but there are also lesso ns to be 
learned to improve it. Different user groups have different requirements either related 

to their location or the function they fulfil, resulting in different expectations about the 
app and its use . None of the desired improvements are expected to be very hard to 

accomplish , but some of them might require a specialised app for that particular pu r-
pose.  
Centrally publishing road hazard information with a standard symbology set  integrated 

with Shellôs standard legend is seen as a great step forward. Ma intenance of the a c-
quired data is however acknowledged as a concern to assure the hazard catalogue  

contains hazard data of acceptable quality. Field research to determine the positional 
accuracy of the used smart phones has resulted in a standard devia tion  of 11  meters, 
which is expected to be sufficient for how the road hazard data will be used.  

The requirement of governance on the quality of the data becomes obvious when 
loo king at the reported hazards by different users at the same location. Validity of re-

ported hazards needs to be assessed and maintained for the data to become and r e-
main valuable for journey management. Roles and responsibilities need to be defined 
and  agreed to accomplish this.  

The greatest challenge to overcome to make a solution as de signed and built for this 
PoC is however to get it fully supported and embedded in the organisation. Many di f-

ferent user and interest groups need to have agreement on the way forward. Also ge t-
ting software development contracts and support agreements with potential infr a-
structure suppliers in place requires an involved and dedicated person to steer and 

monitor the progress.  
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1 Problem and Context 

1.1 Background 

In the context of Health , Safety , Security  and Environment  & Social Performance  

(HSSE & SP) road safety is one of the main areas of concern as more than half of the 
injuries and fatalities are caused in road transport  (OGP, 2009) .  The ñHSSE & SP Con-

trol Frameworkò (Shell, 2010a)  mandates the implementation of a Journey Manag e-
ment Plan  (JMP)  in high - risk locations. It states the following:  

 
2.4. 1 The JMP must include the loading and discharge site (where applicable), autho r-

ised route,  identification of route Hazards and communication requirements 

du ring the Journey.  
2.4.2  The Driver must understand the JMP before each Journey.  

2.4.3  The Driver mu st report any change from the plan that occurred during the 
Journey, and changes  must be reviewed to decide whether to update the JMP.  

 

Several Shell companies  have adopted, or are in the process to take -up these r e-
quirements in their j ourney management processes. Due to the autonomy of these 

organizations, different local conditions  and lack of centrally guided standards this o f-
ten results in different  implementations.   
Several initiatives  were  undertaken to find innovative solutions to recurri ng problems 

with HSSE & SP  systems, processes and tools. One of these initiatives, the In -Vehicle 
Monitoring System (IVMS ) was found fit - for -purpose which has resulted in an ado p-

tion for  most high risk areas  (Shell, 2010b) . The large IVMS vendors collect the drive 
event data and send it aggregated on trip level to t he Shell Insight Browser system, 
where it is used to benchmark between Shell companies and  individuals (who can 

achieve awards for good performance). In recent years several small  local  pathfinder 
projects were  conducted  with the  potential  to  grow on their success or to be  term i-

nated otherwise. The goal of these projects is to create a global s tandard with tools, 
processes and best practices for road hazards data acquisition, maintenance as well 
as dissemination.  

Improving on Journey Management has recently received renewed attention from the 
ñGoal Zero ò program me  with as ultimate goal to bring the amount of road incidents 

and fatalities to zero  within Shell operations . Amongst other things this has lead to  
the set -up of a ñGeomatics Road Transport Safety ò forum, which tries to unite several 
initiatives in a framework for road safety and learn from each otherôs experiences. The 

forum consists of representatives of Geomatics  departments from different regions 
where road safety is high on the agenda, combined with representatives from global 

Geomatics  in Rijswijk in the Nethe rlands.  
This forum is currently focussed on integrating three different areas:  
¶ Cross -country and on - road mobility between HSSE points of interest , like hosp i-

tals and fire stations , and any point in the field. These time -cost surface maps 
consider time, dis tance and terrain , and are used to assess the nearest point of 

interest, the fastest route, the time it takes to travel, but also to classify the 
area in risk zones.  An overview of Cross Country Movement map process is pr e-

sented in figure 1. 
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Figure 1: Process  of CCM map  (Neil & Kolonic, 2011)  

¶ Turn by turn navigation including  hazard voice warnin g based on updated maps. 
The need for complete road datasets (geometry and attribute) requires merging  

of off - the -shelf maps with GPS data acquired from  IVMS devices or mapping 
agency. The maps need to be delivered in a variety of formats  including for Pe r-
sonal Navigation Devices (PND ) . Road hazards are collected by geo - info anal y-

sis from IVMS data as well as from spatial database queries.  
¶ Road Hazard Point acquisition  with smartphone s. Currently only  limited road 

hazard information is retrieved from contractors and Joint Venture (JV ) par t-
ners. Systems are not integrated and formal reporting lines for providing jou r-
ney feedback do not always exist . By enabling anyone with a general  available 

smartphone  to easily capture  road hazard information , improvements in the a c-
quisition are expected. The ability to centrally disseminate the  captured info r-

mation to partners  is expected to increase the adoption.  
 
The ñGeomatics Road Trans port Safety ò forum initially  focuses on ventures in the fo l-

lowing regions :  
¶ Iraq  

¶ Jordan  
¶ Kalmykia  (Russia)  
¶ Oman  

¶ South -Africa  
 

Journey m anagement is focussed on planning and performing safe journeys. It takes 
care of planning a journey, monitoring compliance and progress and providing pe r-
formance feedback to the driver. Several articles describe this plan -do-check -act cycle 

as the best practice for Journey Management (Al Kurdi et al., 2008; Flanagan & B a-
shara, 2010; Twilhaar et al., 2000) .  

In high risk countries drivers working for Shell are required to create a JMP before 
they undertake a jo urney. In general the current journey m anagement process can be 
visualised as shown figure 2. This is following the current  international Oil & Gas Pr o-

ducers  (OGP)  recommendations as stated in (Tate, 2008) . 
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Figure 2: Journey Management process (inspired on (Zeylmaker, 2009) )  

The articles mentioned all reference to a potential to gather new hazard information 

from the captured event data, there are however no references found to implement a-
tions. Figure 3 shows the situation the ñGeomatic s Road Transport Safety ò forum tries 

to accomplish. The thick line represents the focus area of this research, and tries to 
accomplish a driver experience feedback into the system by means crowdsourcing the 
information from the drivers using smartphone s. After embedding the  acquired info r-

mation in existing road hazard information systems (GIS) it is supposed to be used for  
journey management maps to plan  future trip s, and also as  input for PNDôs to provide 

voice  warnings to driver s. 
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Figure 3: Focus area of this research  
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1.2 Problem Definition 

While there is an enterprise wide desire to use all available information  about road 
hazards as input for j ourney management  to improve road safety , several problems 

stand in the way to make this happen :  
¶ Different local environmental conditions provide different kind of hazards that 

need to be treated differently.  There is no common information or classification  
model that can be used across the organisation . 

¶ Different organizational set -ups make a centralized solution difficult;  few  ent i-

ties are purely run by Shell staff , while others are JVôs comprised of gover n-
me ntal bodies, other oil companies, contractors and suppliers. External parties 

typically do not ha ve access to the Shell infrastructure . For this reason they 
cannot  have access to road safety information kept in Shell.  

¶ Autonomy of the individual ventures tends to result in different road hazard 

data models  and map presentations. This makes information  exchange or re -
use of tools and symbology difficult. It also results  that staff moving from one 

venture to the other is not aware of how to use the tools or interpret the local 
hazard maps.  Common tools and infrastructure to support are  missing.  

¶ The quali ty of road hazard information is of high importance for people to rely 

on the information provided and to achieve general adoption. It is difficult to 
maintain road hazard information that is  up - to -date, accurate and complete.  A 

simple method to collect an d maintain road hazard point information is required 
to improve road safety even in regions without dedicated staff.  

1.3 Research Objectives 

The goal of this study is to introduce crowdsourcing for the collection of road hazard 
points making use of smartphones . The smartphone application facilitating this must 
be easy to use.  The data created with the application must be in line with the r e-

quirements for road hazard point information. The data shall be easily accessible from 
within the Shell network  as well as to selected external parties  and  contribute to e x-

ist ing road hazard information systems while maintaining  the companyôs security poli-
cies . 
 

To achieve this , the following objectives are formulated :  
1.  Design  a road h azard  classification  model  for  road hazard point information  

to be used by all involved parties.  
2.  Design  and build a  Proof of Concept  (PoC) application to capture road hazard 

points using smartphones  that can  store  and  disseminate  the information  to the 
required parties in line with the companyôs security and regulatory policies.  

3.  Assess  the  smartphone  app  usability to acquire road hazard points . 

4.  Assess  the road hazard data quality  for use in  journey management  maps . 

1.4 Scope 

In scope of this pilot project are:  

¶ Develop information and classificati on model for road hazard points.  
¶ Design smartphone  application . 

¶ Build  the designed mobile application on a smartphone  platform . 
¶ Design a security model that matches Shellôs security policies.  
¶ Design a web ba ckend to collect the captured hazard points . 

¶ Build  the designed  web  backend accessible by all required parties  to access the 
uploaded hazard points . 
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¶ Collect user feedback to assess the quality of the smartphone  application as 
well as the web backend . 

¶ Colle ct spatial data quality feedback from end users . 
¶ Perform limited field tests to assess some application and information quality 

aspects.  

Out of scope are:  
¶ Provid e infrastructure for general road hazard map  

¶ Hazard information exp ort to personal navigation system.  
¶ Data entry for shape features (time to hospital shapes, GSM coverage etc) .  

This will be provided by Shell Geomatics staff.  

¶ Data entry for hazard points acquired from GIS analysis or other sources like 
IVMS suppliers  

¶ Comparison between on hazards p oints acquired with the smartphone  applic a-
tion and other methods of collection.  

¶ Assess influence of user motivation fa ctors on captured road hazards.  

1.5 Thesis Overview 

This document will first describe the methods  followed to conduct this research. The 
literature review  chapter following the methods  looks into prior work on the asses s-

ment of crowdsourced geospatial data quality as well as other crowdsourced hazard 
studies. The four following chap ters describe the results of the effort to accomplish 

the objectives of this research. Because of the amount of information covered by 
these chapters they are all concluded with a discussion paragraph reflecting on the 

findings. The road hazard classification  chapter gives insight in the decisions made on 
which hazard classes and categories to use in the application, as well as how these 
are used. The followin g chapter, proof of concept , tells about the design and build 

phase for the application infrastructure built to facilitate this research. The chapter 
smartphone  app  usability  gives insight in the usability of the app from a regulatory 

and end -user point of view.  The last of the result chapters, road hazard data qua lity , 
assesses the quality of the data gathered in the pilot and tries to relate it to the r e-
quirements for us in a journey management map. The final chap ter contains the co n-

clusions and recommendations coming from this research.  
 

All abbreviations are referenced in the colophon which can be found on one of the first 
pages of this report after the table of contents.    
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2 Methods 
In this chapter the methods ar e described to reach the stated objectives for this r e-
search. In the following paragraphs is described how the road hazard classification is 

created, how the PoC is setup and how the usability of the app and the data quality 
are assessed.  

2.1 Road Hazard Classification 

The classification of hazards is based on results of prior hazard acquisition pilots and 
input from the participants from the ñGeomatics for Road Safetyò forum. The classif i-
cation needs to be designed and it needs to be decided what classes are required in 

the application and how they should be applied.  

2.1.1 Road Hazard Classes 

An attempt is made to distinguish different road hazard classes containing different 

hazard categories . The internet is searched for good quality and public domain sy m-
bols that can be use d as hazard category symbology . Where required the artistic c a-

pabilities of the author are challenged to create the missing categories. All base i m-
ages shall be vector based to allow for scaling and generation of different formats 
from that.  As the symbols will likely be used for different applications, different image 

formats must be provided.  

2.1.2 Road Hazard App Classes 

Contributors to the ñGeomatics for Road Safetyò forum are asked to select the hazard 

classes / categories to be included in t he smart phone app.  The selected set is applied 
in the PoC application and used for field tests during the pilot stage of this project.  

2.1.3 Risk Classification of Hazards 

Hazards represent a risk. Every time a hazard will be entered in the system an a s-

sessment  of the risk needs to be made on which to decide to include it for journey 
management or not. A decision will be made on how to incorporate this in PoC appl i-

cation.  

2.2 Proof of Concept 

Designing and building a PoC road hazard application involves many activit ies.  

2.2.1 Infrastructure Design 

To meet the objective to allow all required parties to be able to access the gathered 

road hazards, a design needs to be created that takes this into account. The design is 
formed based on the authors inside knowledge of the Shell IT infrastructure and its 

policies  from a practical angle . The forthcoming ideas are reviewed by the ñGeomatics 
for Road Safetyò forum as well as subject matter experts, leading to the eventual de-

sign.  

2.2.2 Road Hazard Application 

Designing and building t he road hazard application is an iterative process based on 
feedback from the ñGeomatics for Road Safetyò forum as well as technological oppor-

tunities and limitations.  Several components need to be designed and built  to allow 
piloting this PoC , such as a s martphone application to enter the hazards with , but also 
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a database backend accessible by all required parties.  Also data exchange needs to be 
looked into, to allow for easy integration and dissemination in the existing infrastru c-

ture.  

2.2.3 Geomatics Integration 

To facilitate a pilot running with the PoC road hazard application, the information that 
is gathered needs to be made available to Geomatics  for incorporation in existing GIS 

portals and journey management systems. The test and development environments 
shared between Geomatics  Rijswijk and global Geomatics  support are  used to impl e-

ment this without the involvement of too rigid change management processes. The 
upside of this approach is the possibility to deploy and ch ange software and data 
models on demand, the downside however is that support is only provided on best 

endeavours. In the light of this being a PoC, agility is preferred over stability.  

2.2.4 Pilot 

With the built infrastructure in place and funding from Geomatic s global a pilot is run 

in the countries / regions represented in the ñGeomatics for Road Safetyò forum. Sup-
port to the pilot users is provided by the author on best endeavours, when possible 
besides his normal work activities. Responsibility for collectio n of road hazard data is 

with the operating companies.  

2.3 Smartphone App Usability 

To test the usability  of the road hazard smartphone app  a pilot will be  performed  with 

participants in different parts of Shell and in different parts of the world. The usabili ty 
of the road hazard app is assessed on compliance with regulatory requirements, the 

user friendliness of the app and the usability of the adopted classification.  
This is done by collecting feedback from the pilot users by means of a survey as well 
as gen eral feedback. To limit the scope of this project no formal usability assessment 

model is followed.  

2.3.1 Regulatory Compliance 

In order to ship the application and smartphones to different nations the software and 

hardware needs to comply with the export regul ations of the nation of origin but also 
with the import regulations of the nation it is shipped to. Export of the software and 
the devices is reviewed by the export compliance office. The regions in scope for the 

pilot are assessed on their import regulati ons. Only when the regulatory compliance 
rules are met participation to the pilot can be granted.  

2.3.2 Road Hazard Classes 

The usability of the hazard classification and symbology quality will be assessed by a 
survey requesting for abundant or absent classes as  well for the clarity of the symbols 

used.  
 
The user friendliness of the application is assessed by collecting some metrics on:  

1.  How much time is needed to train the users of the smartphone application ? 
2.  How many support calls do they make ? 

Also a qualitative assessment will be done by means of a survey asking for user e x-
periences.  
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2.3.3 Road Hazard Acquisition Survey 

Towards the end of the pilot everyone who has contributed to the pilot either by co l-
lecting road hazard data or other input to the project is approached to fill in a que s-

tionnaire . This questionnaire  focuses on the usability of the smartphone app as well as 
the symbology and classification of the hazards.  

2.3.4 Feedback 

All feedback provided by  participants as well as observations by the author with r e-

gards to the road hazard PoC will be gathered and reviewed. Noteworthy information 
in relation to this research is captured and described.  

2.4 Road Hazard Data Quality 

Quality is not a very tangible pr operty, generally described as ñfitness for its purposeò. 
In a more formal way spatial information quality can be measured against a specific a-

tion at the level of spatial object, spatial object type, dataset or dataset series. There 
is however no such thin g as absolute quality. Quality is relative and only becomes 
meaningful when measured against a specification. Assessment of quality can be done 

against a number of quality properties; these can be non -quantitative or quantitative. 
Non quantitative or subje ctive quality properties provide information about the data. 

Three quantitative properties are recognised (Coote & Rackham, 2008; ISO, 2005) :  
¶ Purpose -  why was the data created ? 
¶ Usage -  what application do es the data service?  

¶ Lineage -  what has the data been used for, how was it captured, maintained 
and modified?  

Quantitative quality is usually subscribed to five components (ANSI, 1999; Bennat et 
al., 2007; Coote & Rackham, 2008; Faïz, 1996; ISO, 2005; ISO, 2006) :  
¶ Positional accuracy -  the accuracy of the position of geographic objects.  

¶ Temporal accuracy -  the accuracy of temporal attributes  and temporal relatio n-
ships between features  

¶ Thematic accuracy -  the accuracy of attribute values  
¶ Completeness -  the excess or absence of objects in a dataset, their attributes 

and relationships  
¶ Logical consistency -  degree of adherence to logical rules of  data structure  and 

relationships  

To assess the geo - information quality there is a need to determine what the fit - for -use 
criteria are. This relates to the purpose and the application of the data.  

The overall purpose of capturing road hazard point informa tion is to improve on road 
safety for people working for Shell. The ñGeomatics for Road Safetyò forum was  con-
sulted for these criteria :  

¶ New hazard points can easily be created and uploaded by anyone with a pr e-
pared smartphone. This relates to the user frie ndliness of the applications, how 

much time is required to create an entry and how much training people need to 
start using it. Also this is dependent on network connectivity and the applied 
security model.  

¶ Data can be used in an existing journey managemen t map and adheres to a 
standard classification for hazard points with related symbology. The classific a-

tion needs to be consistent, complete and unambiguous for the whole life cycle 
of road hazard points from collection to presentation.  

¶ The information can  be accessed and maintained by a selected group of actors, 

the access model needs to be in line with the Shell information security model.  
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¶ Positional accuracy needs to be in line with the requirements for use on existing 
journey management maps and navigat ion devices.  

¶ The captured hazards should be represented with a correct classification. A pre -
defined set of classes helps to make this classification syntactically correct, 
however the semantic correctness is highly dependent on the selections made 

by the user of the smartphone application. This puts constraints on the easy 
distinction of the defined classes.  

Within the context of this research not all spatial data qualities are considered as i m-
portant or easily measured. Temporal accuracy is considered good enough if it ident i-
fies the date on which the hazard point was collected. This is sufficient to identify an 

expiry or re -assessment date for that particular hazard. Completeness is highly d e-
pendent on the adoption of the smartphone application and the  hazard awareness of 

the user. There is a desire to have an as complete as possible road hazard point data 
set, but no baseline data available to compare results with. Also logical consistency is 

due to the simplicity of point features and the strict data entry with a dedicated appl i-
cation not deemed relevant. With regards to the road hazard data the positional acc u-
racy as well as the thematic accuracy of the data is assessed.  

Fitness - for -use with regards to road hazard point information also imposes other 
properties that relate to quality. For instance security, availability and accessibility are 

such quality properties. Those quality properties can be regarded as inherited from 
the more general information class (Naumann & Rolker, 2000; Stvilia, 2007) . Obv i-
ously these properties are also important;  accessibility and security are therefore a s-

sessed  as well .  

2.4.1 Accessibility and Security 

The road hazard data needs to be accessible to Shell but potentially also to external 

affiliates. This requirement implies that the data has  to be kept outside the Shell ne t-
work as external parties cannot  get  access.  To accomplish this , an external party w ill 
be used to host the data. In order to host externally  however , the solution needs to 

comply with Information Risk Managemen t  (IRM ) rules. Based on the requirements 
imposed by IRM an access and security model will  be built in the PoC and validated  for 

its quality by assessing the accessibility by the pilot participants . The security design 
is to  be challenged and signed off by Shellôs Exploration and Production ( ) EP) IT a r-
chit ect.  

2.4.2 Positional Accuracy 

The positional quality will be assessed qualitatively by requesting feedback from ca r-
tographers who use it for journey management maps or PNDôs, this feedback will be 

collected by interview or by survey.  
Also some qualitative tests  will be performed by:  

1.  Comparing the positions acquired with the smartphone application with pos i-

tions acquired with a differential GPS (dGPS ) system.  
2.  Acquiring the location with the smartphone application on prior accurately 

measured locations.  
In both cases the accurately measured points  are believed to  have an accuracy of bet-
ter than 10 cm.  

2.4.3 Thematic Accuracy 

To be able to assess the thematic accuracy road hazard points reported by different 
users will be compared. A comparison of the chosen classes between the users will be 

used to assess the clarity and ambiguity of the symbol classes. Potentially some qual i-
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tative assessment of completeness can be deducted from these results.  
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3 Literature Review 
User generated geospati al data, the proposed solution to provide hazard information 
into the journey management process, is a relatively new phenomenon that uses the 

public to collect information that was traditionally collected by formal mapping age n-
cies or professional surveyo rs. It comes under a number of disguises as Voluntary 

Geographic Information (VGI), crowdsourcing geospatial data or neogeography. The 
term crowdsourcing geospatial data are  used in this paper as with road hazard data 
acquired during a trip for work it can  be debated whether that is voluntary. Ne o-

geography on the other hand implies more than just data acquisition, with its refe r-
ence to geography it suggests also activities as data modelling prior to acquisition, 

data integration and interpretation for use i n some application (Heipke, 2010) . A large 
number of crowdsourcing initiatives have emerged over the last years. One of the 
most prominent examples is likely http://openstr eetmap.org , with the goal to create 

and provide  free geographic data  to anyone (OpenStreetMap, 2011) . There are ho w-
ever also other projects that try to achieve something more in - line with the goal of 

this research.  A very successful project is Ushahidi http://www.ushahidi.com  which is 
an initiative to crowdsource crisis mapping information. It has proven to be a very 
successful source of information for rescue workers after the 2010 Haiti earthquake 

and the floods in Pakistan later that same year (Vericat, 2010) . Ushahidi offers an 
open source solution to build an infrastructure to report geoinformation in virtually all 

current electronic methods available. Also http://www.verbeterdebuurt.nl/  and 
http://buitenbeter.nl  are efforts to improve neighbourhoods in the Netherlands by 
enabling citizens to report improv ement ideas or grievances in their area. Community 

councils get notifications about these reports for them to assess and action. Both in i-
tiatives use smartphones and social media as means of data entry. The mentioned 

examples follow, as many other projects , the open source strategy. There are however 
also successful commercial examples like the HD traffic solution of TomTom.  

3.1 Crowdsourced Geospatial Data Quality 

Crowdsourcing geospatial data has taken a great flight basically due to the wide avai l-
ability of handheld GPS receivers or GPS enabled smartphones and the possibilities 
that Web 2.0 technologies offer . Benefits of crowdsourced information are accredited 

to the low monetary cost of the data, utilization of local geographic expertise, and the 
suggestion  that entries created and validated by large numbers of people are likely to 

be more accurate than entries created by individuals (Goodchild, 2008) . Studies on 
the quality of OpenStreetMap data acknowledge this  suggestion (Ather, 2009; Haklay, 
2010) .  It needs to be said however there are also issues related to user contributed 

geo information. Equal distribution of quality parameters over the area is more  que s-
tionable. Less frequently accessed areas will likely be less complete, and some users 

might be more sloppy than others when geo - tagging a location (Haklay, 2010; 
Heipke, 2010) .   
The qua lity of crowdsourced spatial data is , besides the experience of the contributor, 

dependent on their motivation. Methods to stimulate creation of good quality content 
are subscribed to recognition of the contributor but also on the quick availability of 

the ir contributions. Means to validate contributions are considered of importance to 
the quality of the data (Coleman, 2010) . 

3.2 Crowdsourced Hazard Studies 

There are many crowdsourcing initiatives also in research, some  of which not very 
dissimilar to what is pursued with this research. Rice et al. (Rice et al., 2011)  describe 

http://openstreetmap.org/
http://www.ushahidi.com/
http://www.verbeterdebuurt.nl/
http://buitenbeter.nl/
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a methodology to combine existing local cartographic resources combined with user 
contributed geospatial data to alert visually impaired when navigating through areas 

with temporary hazards. The addition of user contributed information is regarded of 
high interest as it leverages on local geographic expertise and offers significant adva n-
tages for p rovisioning real time hazard information. This project offers multiple ways 

to provide user contributed data, in textual or spoken form and uses specialized 
geoparse technologies to match entries to locations. Besides the requirement of a d-

vanced technologi es to map speech to text and match descriptions to locations, this 
also requires a very well defined space, tagged with names and aliases, in which ha z-
ards can be reported.  

Another much to this research related project has been conducted by Jeffery Shi (Shi, 
2009) . His project, a case study of a road hazard reporting system, has resulted in 

design for a client server set -up to collect and distribute hazards.  
The client side exists of a phone that allows users to ente r hazards, or generate e n-

tries based on accelerometer readings. The server collects these entries combined 
with regular position updates submitted by the client. Clients in turn get updates on 
actual hazards within some range dependent on the position and driving direction. 

Regretfully there are no references to real implementations of this system. The report 
however gives a nice overview of such systems capabilities.  
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4 Road Hazard Classification 
One of the goals of this research is to present a road hazard classification that can be 
used across different regions and businesses, and particularly can  be used in a road 

hazard smart phone app. Prior pilot findings are used as a starting point and adjusted 
to the authorôs judgement in liaison with members f rom the ñGeomatics for Road 

Safety ò forum . 

4.1 Road Hazard Classes 

Three classes of road hazard information are recognised, and are matched with co m-
mon European  road sign classes  as defined by the Vienna convention on road signs 

and signals (Economic Commission for Europe, 1968)  as warnings, limits and inform a-
tion. Figure 4 shows the general symbol shape and colour ing  for the three classes . 

   

Figure 4: Hazard classes warnings, limits and information  

Within the classes different categories of road hazard information were created and 
selected to depict different hazard types. A complete overview of categories with 

matching symbols for all three hazard classes can be found in appendix a . All category 
symbols are derived from public domain Dutch and Belgian traffic signs. All symbols 
were modified to be usable as small symbols used on a smartphone. Some of  the 

symbols are based on artistic work from the author.  

4.2 Road Hazard App Classes 

Considering the amount of categories  that would be desirable and usable in a smart 

phone app it was decided within the ñGeomatics for Road Safety ò forum only to inco r-
porate the categories of the warning class in the smart phone app  because these are 

considered to be the most relevant to report by people travelling . Table 1 gives a n 
overview of the categories used in the phone, and an assessment is made w het her 
the hazard type applies to point, line or area features. Initially all are included in the 

app;  additionally  the temporal ity of the hazards is assessed. It will be for future  gen-
erations of the app after the pilot to decide which ones are obsolete for its purpose, 

and possibly  to include other hazard categories as well.  Some decisions were  made to 
limit the amount of symbols, based on the similarity of the hazard. For the ñanimal 
warning ò the sheep sign was  chosen instead of signs showing camels, kangaroos or 

cows, as this is considered the most generic one on a global scale . All hazard  symbols  
that can have two directions, like a ñroundabout ò or ñsoft verges ò, for right and  left 

side driving countries , the one for right side driving is chosen as the default . Also for 
the categories  with a direction like ñsharp bend ò and ñwinding roadò,  one sign is pr o-

vided.  
All categories used in the road hazard application were made availab le in the Shell 
Standard Legend (SSL ) . This legend is distributed amongs t  all Geomatics  departments 

globally.  The Enhanced Metafile Format (EMF ) is the image format used to create  the 
SSL. EMF is just as the Scalable Vector Graphics (SVG ) format, the format the sy m-

bols are created in, a vector image format. The advantage of vector graphics obviou s-
ly lies in the scalability of the images without them losing their detail at down -scaling 
or becoming blurry around the edges when up -scaling. Inkscape  

(http://inkscape.org/ )  is used to convert between the 2 image formats as well as ra s-

http://inkscape.org/
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ter based formats such as Portabl e Network Graphics (PNG ) used in a later stage for 
the smartphone app.  
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Table 1: Road Hazard warning categorie s and their use  

Description Category Name Symbol Feature Type Temp. 

Point Line Area 

Animal crossing animalwarning  X X X N 

Bad road conditions badroadsurface  X X  N 

Blackspot blackspot  X   N 

Dangerous point danger  X   N 

Dangerous crossing dangerouscrossing  X   N 

Explosion danger explosiondanger  X X X Y 

Flooding danger flood  X X X N 

Grounding danger grounding  X   N 

Hill top, poor visibility hilltop  X   N 

Landslide danger landslide  X X  N 

Narrow road narrowroad  X   N 

Crossing pedestrians or school children pedestrians  X X X N 

Poor visibility possible reducedvisibility   X X N 

Road works roadworks  X X  Y 

Roundabout roundabout  X   N 

Overhead cable overheadcable  X   N 

Sand  dunes sanddunes   X X N 

Road can be slippery slippery   X  N 

Sharp bend sharpbend  X X  N 

Soft verges softverges   X  Y 

Steep hill steephill   X  N 

Train crossing traincrossing  X   N 

Tunnel Tunnel  X X  N 

No U-turn beyond this point uturndanger  X   N 

Winding road windingroad   X  N 

4.3 Risk Classification of Hazards 

A hazard is a potential source of harm;  the risk a hazard exposes is however depen d-
ent on the likelihood  of occurrence and the potential impact it can cause.  This means 

that to correctly assess hazards for relevance in a journey management map the lik e-
lihood  and potenti al impact need to be valued per hazard. As this requires expert 

knowledge from the person reporting a hazard, it is decided in liaison with the ñGeo-
matics for Road Safetyò forum not to include this in the smartphone app. It is believed 
this  would make the app more difficult to operate and rule out a large portion of p o-

tential users. To have a hazard reported instead of only with the proper risk val ues set 
is considered more important.  

4.4 Discussion 

For the  hazard classes it was decided to largely follow a simp lified Dutch road sign 
classification. Where Dutch road signs distinguish between limit  and prohibit classes 

these are treated as one limit  class for this application. The warnings are mostly taken 
as is with some additions to match warning categories iden tified in prior pilot projects. 
The informational class is mostly used as a template for the identified information 

categories . This approach is believed to result in a clean and consistent set of sy m-
bols.  

It is decided to only include the warning class of  categories as the app is supposed  to 



 Road  Hazard Point Acquisition   

22  
The Smartphone Way  

be used during field trips and to enable anyone to report on hazardous situations. The 
informational and limit classes are thought  to require more expert knowledge , or to be  

collected otherwise. The set of categories i ncluded in the smartphone app is se lected 
based on prior pi lot results  from Algeria in 2008,  as well as close communications with 
members of the ñGeomatics for Road Safetyò forum. The author has noticed  however 

from gathering information from peers that th e more input is received on the classif i-
cation,  the more categories seem to be required. For the pilot a relatively small set is 

chosen over a very extensive one, to allow ease of selection and prevent different 
categories with the same involved risk type.  
The risk classification of a hazard is considered export judgement, which cannot be 

expected from the occasional hazard reporter , meaning  that the hazards reported will 
likely require post processing to include only hazards above a certain risk threshold to 

be presented  in a road hazard map.  
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5 Proof of Concept 
For the purpose of running a pilot capturing road hazard points using a smartphone , a  
PoC application stack  is created.  The application stack is comprised of a smartphone 

app, an internet backend to store the captured hazards and methods to retrieve these 
into the Shell G eomatics infrastructure. The following paragraphs describe the design 

and its components.  

5.1 Infrastructure Design 

In this pilot to capture  road hazards using a smart phone for  Shellôs journey manage-
ment a method to report hazards into the Shell network is a requirement. As access 

to the Shell network over the internet is limited only to Virtual Private Network  (VPN) 
connections, this is not a viable solution for a smartphone implementation . To mitigate 

this problem intermediate infrastructure is used to store the results on the internet , 
from which it can be downloaded into t he Shell network. At first Google App Engine 

was chosen as backend to store the records.  The u se of Google services professionally 
in Shell is however deemed to result in high contractual costs. For this reason a diffe r-
ent service provider was sought and t he Amazon Web Services (AWS ) were chosen as 

the internet backend to store the road hazard records . Shell already has contracts 
with Amazon and using it fits the  strategic IT direction Shell is going to. The high - level 

overview of the infrastructure design can be seen in figure 5. 

Shell Network

S3

Photo storage

Symbol storage for kml

EC2

WebDB logic

Internet

SDB

Record store

 

Figure 5: High level inf rastructure design  

As phone platform Android was chosen for its open and freely available development 
environment . Besides that Android does not impose an application review process b e-

fore a new app can be installed on multiple devices, therewith keeping t he develo p-
ment / pilot lean . From  the Amazon cloud 3 services are used, EC2  (Elastic Cloud 
Computing) as a server platform, SDB  (Simple DB) as a record store, and S3  (Simple 

Storage Service) as storage for photos that accompany the hazards. The phone used 
to capture hazards will initially store the points in a local database on the phone  itself , 

and when convenient (access to network) these can be uploaded to the Ama zon 
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cloud. T he phone communicates with the Web DB Application Programming Interface 
(API ) on an EC2 instance, the Web DB service stores the hazard records in SDB  and 

photos on S3. From the Shell side the records can be downloaded using the Web DB 
API.  
Shellôs Information security policies put constraints on the accessibility and use of ex-

ternal infrastructure for storing corporate data. The constraints are depend ent on the 
security classification of the data stored. All information in Shell is classified in 4 cat e-

gories: public, restricted, confidential, and most confidential. Public information as the 
word suggest can be shared outside Shell. Restricted informati on can be shared in 
Shell and with affiliates. Confidential and most confidential information can only be 

accessed by a limited or very limited set of people in Shell. As road hazard point i n-
formation may reveal the locations where Shell does business , thi s information is 

classified as restricted. To mitigate this security  issue Secure Socket Layer (SSL ) ce r-
tificates are used to allow access to the service. This means that the smartphone app 

carries such a certificate and is therefore able to upload hazards . A lso to access the 
web DB backend  with a script or browser such a certificate is required.  All connections 
to the WebDB without presentation of a valid certificate are denied access.  This sol u-

tion is accep ted by the EP IT architec t for the purpose of this pilot.  

5.2 Road Hazard Application 

The whole smart phone application involves, as the infrastructure design shows, more 

than just the smartphone app. The design and implementation of the components i n-
volved and how they integr ate is described in the following sub -paragraphs.  

5.2.1 Smartphone App 

The road hazard capturing smart phone application was  designed with simplicity in 

mind, as it should be quick to use and also usable by less literate people , as drivers a 
main interest group for this app are usually not highly educated . From discussions 

with  peers in G eomatics and in the ñGeomatics for Road Safetyò forum it was decided 
a hazard should be categorised with a direct match to a symbol that can be chosen 

from a list. Combined with that some form of description has to be provided and 
where applicable a mitigating action and photo need to be added. These requirements 
have led to the design of a simple app of which the four screens are shown in figure 6. 

 

 

Figure 6: Smartphone application screens  1 -  4 

The first picture shows the main screen of the application. If there is a GPS fix the 
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ñNew Hazardò button can be pressed to go into the ñEdit Hazardò screen and enter the 
hazards details. To be able to save on the phoneôs battery the GPS can be turned off 

and on. The ñList Hazardsò button shows the hazards which are stored locally in the 
phoneôs database, while the ñSync On-Lineò will upload the points in the phones data-
base to the Web DB in the Amazon cloud. The ñEdit Hazardò screen (picture 2) can be 

accessed not only by creating a new hazard, but also by selecting a stored hazard 
(picture 4). A category must be picked from the ñHazard Categoriesò screen (picture 

3) after pressing the ñCategoryò button. Symbols with description are  provided to a l-
low selection  of a category. L ess literate people and  non English speakers are su p-
posed to make a decision based on the  symbols . The photo button opens Androidôs 

native camera app and allows taking  a photo of the hazard. The hazard description 
must be entered and if a mitigative action is apparent this can be entered in the rel e-

vant field . The ñShow On Mapò button opens androids native navigation app and pos i-
tions the requested hazardôs location at the centre of the shown map. Regretfully put-

ting a marker at this point did not seem possible. The ñCancelò button cancels the cur-
rent hazard registration, whereas the ñDeleteò deletes it from the local database in 
case it was already stored with the ñSaveò button. 

 
During development of the smartphone app a beta version was released to a limited 

group of users. After feedback some amendments were made to it. The  beta version 
incor porated a user - ID field that could be filled in to be able to identify different users. 
This field was perceived to be cluttering the screen unnecessar ily because  most users 

would not fill it in any way . For this reason  the  field was removed  from the final  ve r-
sion. Instead the phoneôs IMEI number, a unique identifier every phone has, was add-

ed to the data model. The field is filled automatically by the app itself without any r e-
quired user action. For the same reason it was tried to include the phone number,  this 
however failed to work.  Another change that was included in the final release is r e-

porting of 3D coordinates instead of 2D.  
 

The latest source code of the road hazard app can be downloaded from here: 
http://jorritsma.cc/~jorrit/Android/CaptureRoadHazards_android.zip  

5.2.2 Backend Web Database 

To centrally store the collected hazards on the internet a serv ice  is needed  that pr o-

vide s an API to the phone as well as to the back -office to upload / download the i n-
formation stored. Initially the Google App Engine was considered for this, making use 

of a modified version of the TinyWebDB service (Wolbe r & Abelson, 2010) . Due to re-
strictions for commercial use of the App Engine services it was however decided not to 
use this. Instead AWS were chosen as a platform to build this backend on  (Amazon 

Web Ser vices LLC, 2011) . A completely new and extended implementation of Tin y-
WebDB was written to serve as the API between the phone, the records, and the Shell 

infrastructure.  The basic TinyWebDB API implements only a PUT and GET method to 
store and retrieve key value pairs. The Road  Hazard  Web  DB implementation incorp o-
rates some more, specific for storing and retrieving the road hazard records created 

with the smartphone app , while still compatible with the original specification . For 
convenience all calls ar e made accessible via a simple web interface shown in figure 7.  

http://jorritsma.cc/~jorrit/Android/CaptureRoadHazards_android.zip
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Figure 7: Road Hazards Web DB  

The methods implemented are:  

¶ storeavalue  
Stores a new record.  
This method accepts tag and value parameters which contain a key value pair, 

and stores that entry in S DB, and if the value object, explained in paragraph  
5.2.3 , contains an image attribute the image will be stored in the S3 r oad haz-

ard s bucket.  
¶ deleteentry  

Deletes a record entry  
This method accepts a tag parameter with the ID of the to be deleted record. 
Recursively also the image wi ll be deleted from S3 if referenced in the  hazard  

record.  
¶ getvalue  

Retrieves one record  
The tag parameter provided with the ID of the record will be retrieved , the 
value will be presented . 

¶ getimage  
Retrieves the mime encoded image referenced in the road ha zard record.  

This method uses the tag parameter with the ID of the record of which the i m-
age needs to be retrieved.  

¶ getids  

Retrieves all IDôs stored in the record store 
This method accepts no arguments  

¶ getkml  
Generates a KML file containing all stored road  hazards.  
No arguments are accepted.  
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¶ getall  
Retrieves a json array with all stored record values.  

No arguments are accepted  
¶ edit  

Provides an edit mechanism of already stored records.  

When only provided with a tag parameter with the ID of the record to be e d-
ited, a web form is generated in which the record can be modified.  

When however also a value parameter with the record object is provided this 
record is stored in SDB.  

The RoadHazards WebDB service runs o n a standard Linux Amazon Machine Image 

(AMI) with some additional packages added to support the required functionality. 
These packages are:  

python -dtopt  
python -paste -deploy  

python - tempita  
python -webob  
python -webtest  

python -wsgiproxy  
python -simplejson  

The source packages were retrieved from the Fedora 15 build repositories and recom-
piled for this particular platform  (Fedora, 2011) . The complete source code of the 
backend scripts and the required configuration files can be found in appendix b . 

5.2.3 Data Exchange 

Data exchange between the smartphone and the Road  Hazards WebDb, or to  access 
of the data, is done via REST calls. Five  methods already described in the previous 

paragraph deal with data exchange. The ñgetvalueò and ñgetallò methods  return one 
or all stored records in GEOJSON format. The ñstoreavalueò method expects a GEO-
JSON object as input to store as a record. The ñgetkmlò method returns all records in 

a KML file, whereas the ñgetimageò method returns a mime encoded image. The fo l-
lowing subparagraphs describe the exchange formats and how they are used within 

the different methods.  The GEOJSON format was chosen for data e xchange with Shell 
as this is well supported in most programming languages like Java and Python, but 
also because it is easily  imported into ArcSDE using FME Workbench, a standard  tool 

used in Shell.  The KML format was chosen as a format to exchange wit h e xternal pa r-
ties due to the wide availability of tools that can work with this format  and its open 

standard  (OGC, 2011) . 

GEOJSON 

As said in the introduction the GEOJSON format  (Butler et  al., 2008)  is used to e x-
change data between the phone and the Road  Hazard WebDB backend as well as for 

downloading records from it. The structure of the GEOJSON object is as per the e x-
ample in listing 1. 
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{  
  "geometry": {  
    "type": "Point",  
    "coordinates": ["4.39979517", "51.82616671", "45.5"]  
  },  
  "type": "Feature",  
  "properties": {  
    "category": "dangerouscrossing",  
    "phonenr": "",  
    " accuracy": "9.0",  
    "description": "poorly visible road from right with right of way",  
    "androidver": "10",  
    "mitigation": "drive slowly",  
    "phonetype": "htc_wwe -  Desire HD",  
    "time": "1309079538341",  
    "imei": "352668045888748",  
    " image": "https://s3 - eu- west - 1.amazonaws.com/roadhazards/4_39979517__51_82616671.jpg",  
    "user": ""  
  }  
}  

Listing 1: Example GEOJSON entry  

The geometry object of the GEOJSON record describes the geometry type of object as 
well as  its  coordinates (longitude, latitude, height). The type object defines the type of 

record stored in the object. The properties are user defined, in this case specific for 
exchanging road hazard points between the backend and the smartphone app or the 

retr ieval scripts;  it thus contains the data model used for road hazard point records , 
the fields are described in table 2. 

Table 2: GEOJSON property  attributes  

Attribute  Value 

category Hazard category 

phonenr Phone number of reporting phone (not used) 

accuracy Positional accuracy of hazard location 

description User based description input 

androidver The android version of the phone used 

mitigation User based mitigative action input 

phonetype Brand and model of the phone used 

time ¶ storeavalue: Time in seconds since epoch at which hazard 

was reported 

¶ getentry / getall: Time in GMT in human readable format 

imei The IMEI number of the used phone SIM 

image ¶ storeavalue: base64 encoded photo 

¶ getentry / getall: URL pointing to the image location on S3 

user User based user ID input (obsolete) 

Images 

The images are uploaded in base64 format by  the Road Hazards smartphone app but 

are after convers ion saved in PNG format in the S3 roadhazards bucket. The bucket 
itself is made readable only to authorised users (the owner) ; the images themselves 
however are publicly downloadable, which makes them accessible only when the exact 

URL is known.  The PNG image format was chosen for its high compression rate and 
wide support amongst  internet browsers and other applications.  

KML 

The getkml call generates a KML file containing all stored road hazard records accor d-
ing to the OGC KML specificatio ns (OGC, 2011) . An example entry is shown in listing 
2. 
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<Placemark>  
  <name>dangerouscrossing </name>  
  <description>  
  <![CDATA[  
  <li>Acquisition time: Fri Sep  2 13:35:25 2011 GMT</li>  
  <li>Description: poorly visible road from right with r ight of way </li>  
  <p><img src=" https://s3 - eu- west - 1.amazonaws.com/roadhazards/4_39979517__51_82616671.jpg " width="200" /></p>  
  <li><a href=" https://s3 - eu- west - 1.amazonaws.com/roadhazards/4_39979517__51_82616671.jpg ">Download photo</a></li>  
  ]]>  
  </desc ription>  
  <Point>  
    <coordinates> 4.39979517 , 51.82616671 , 45. 5</coordinates>  
  </Point>  
  <styleUrl># dangerouscrossing </styleUrl>  
</Placemark>  

Listing 2: Example KML entry  

The categories referenced in the KML all have a related style to match the hazard 

symbol when displayed on Google ®  Maps  or other KML capable tool . The images re f-
erenced in the KML directly point to the storage location of the image in the S3 roa d-

hazards bu cket. An example of a record displayed in Google Maps  is shown  in figure 8. 
 

 

Figure 8: Example of hazard s in Google Maps®  

5.3 Geomatics Integration 

In order to  use the road hazards captured for journey management processes the i n-

formation ne eds to be imported on a regular basis and made accessible to the user 
communities. The central repository for spatial data in Shell is ESRI®  ArcSDE, in which 
the information needs to be imported for use in  the Geomatics services and applic a-

tions.  The service components used are ESRI®  ArcSDE as spatial database, ESRI®  Ar-
cGIS Serve r with map and feature services.  SAFE®  FME Server , combined with some 

scripts to facilitate the integration, is used to import the GEOJSON objects into Ar c-
SDE. On the user side the information can be used with ESRI®  ArcGIS Desktop or by 

consuming services with a browser from ArcGIS Server. Figure 9 gives an overview of 
how that all fits together. The process works as follows. At scheduled intervals (when 
least people are working in the whole organisation) the ArcGIS Se rver RoadHazard 

service is stopped to release any locks on the database. Thereafter a script on the 
ArcSDE server downloads the road hazards in GEOJSON and KML format. The GE O-

JSON file is stored in a location where the FME server can access it, while the K ML file 
is stored under the document root of the web server . After download is complete the 
same script requests the FME server to run the conversion job. This job truncates the 

existing table in ArcSDE and loads new the new data in the table. Again at a s ched-
uled interval, some minutes after the start of this process the ArcGIS Server Roa d-
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Hazard service is started again.  
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Figure 9: Integrat ion of  road hazard point data in  the  Geomatics infrastructure  

The road hazard point information stored in ArcSDE can be accessed directly using 

ArcGIS desktop software, or can be accessed using map or feature services serviced 
from ArcGIS server. The feature service can be accessed with ArcGIS desktop but is 

also pub lished in map portal and can be found using a search service,  see figure 10 . 

 

Figure 10 : Geoinfo rmation  Portal  

5.4 Pilot 

After building  and testing the infrastructure a pilot was run to validate the usability of 
a smart phone app to capture road hazards and to determine the feasibility of having 

one centralised infrastructure and standard classification.  
Centrally 5 phones were  procured to ship to participants or to hand out to people g o-

ing on a survey trip. The phones were  provided together with a normal and a car 
charger, no car mount brackets were  provided to avoid the use of the phone functions 




















































































































































