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ABBREVIATIONS

Term Explanation
Application Programming Interface

Spatial Database Engine

GecOpen Data Kit

Geographic Information Systems
Geographic JavaScript Object Notation
Geography Markup Language

GPS Exchange Format
GeographidResources Analysis Support System
Information and communication technology
(Ingress Protection)

Java Platform, Enterprise Edition

Open Geospatial Consortium
OpenStreetMap

Portable Network Graphics

Random Access Memory

Secure Digital

Structured Query Language
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Web Coverage Service
Web Feature Service

Web Map Service
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EXECUTIV&EIMmmary

Within this deliverable the selection of the solution of the inventory will be described and a report
of device, software andrchitecture decision will be provided. The selected architecture is entirely
built with free and opersource software enabling the management of geatsal data from the
initial field collection up to the final Web publication
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1. Architectue

Field work and data collection is very important in many scientific domains, such as surveying,
environmental monitoring, forest agriculture, etc., demanding efforts that take a great deal of time
and methodical planning and implementation. The traditiom&thods of field data collection and
updates using paper maps are tirmensuming, difficult to conduct on a large scale, prone to
numerous errors and high in transaction costs which in some cases are over fifty percent of the
total Geographic InformatioSystem (GIS) implementation or maintenaggd Y SNE Hnny

Information and communication technology (ICT) tools, including hardware like mobile phones and
tablets, applications with th capacity to create digital surveys, and software that allows users to
upload data to storage facilities in re@ine, have reduced the conventional challenges associated
with remote data collection. While mobile data collection utilizing of existing rin&ion
technology products such as phones, smartphones, and tablets (hardware), and a number of
different possible programs (software), facilitates data gathering, export and manipulation directly
into a centralized database, still attention is required ffroper sampling and data model structure
selection, architecture design guidelines that all can have a core impact on achieving expected
results.

The modular system architecture of this process that includes spatial data in digital format into the
field, capture data and/or make the necessary edits to the data, and post the data into the
enterprise GIS database in near réale, is divided in the serveside and the client side and their
related functionalitiegBrovelli et al., 2014

SERVER CLIENT

/ DATA WEB PUBLICATION : DATA WEB VISUALIZATION \

Apache Tomcat

: 2D Openlayers™

AT/ !{‘;« GeoServer : :L‘I m‘ pentay

A <= €9 GeoExt ExtJs |2

‘ we| |2t @
%} @ OpenLayers™

PostgreSQl » : o jQuery &

2] @Yo | il

DATA STORAGE :
DATA ACQUISITION

5 [OK | —=2[OK ]
.

AGGREGATE COLLECT 003:*0'3/

Figurel Typical modular system architecture for mobile data collection, processing and dissemination teuseds-
after Brovelli et al(Brovelli et al., 2014
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In brief this architecture includes a set of modules for planning, performing amégirag mobile

data collection. Once the data acquired by the users (ck#e module) is uploaded into a server

side module coupled with a PostgreSQL datab#se serverside interacts with the clierside

module of the architecture. Based on the Po&Gpatial extension of the PostgreSQL database,
data can be read by the spatial Web server GeoServer and published as Web Map Service (WMS)
and/or Web Feature Service (WFS) layers while web viewers can be developed through the
JavaScript librarig@®rovelli et al., 201Brovelli et al., 2016

Within this deliverablehe selected architecture entirely built with open source GIS teibgy
enabling the management of geospatial data from the initiafiefd collection up to the final Web
publicationwill be describedbased on a distinction of two different stages:

1 Field data collection
1 Use of the data inventoried and ICT applications

1.1. Field data collection

The workflow for this stage comprise&the following

1. Uploading from the server previously configured of customized forms
2. Collecting data
3. Sending of data to server and exporting to GIS format
4. Postprocessing
5. Spatial storage
GIS editor: QGis
= s Gidazt-paceing *
m— e o
B o Points /-u--
Q foa! Lnes é ‘
e o database
=~ @&J O
m Polygons
GPS unit in field: Vector features Storage / management:
collected Smap (postgreSQL)

geoODK

Figure2 Overview of adopted field data collectioscheme
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1.2. ICT applications

The workflow for this stage comprise&the following

Data introduction to Spatial Database

Map Services: OGC standards

Data display (web browser)

Data edition and analysis: GIS desktop

Data exportation to other applications (Global Navigation Satellite Syst&NSS)

a0 PE

The solution adopted for this stage includes:

Browser-based Desktop

Q QGls % ubig
User Interface \ Onsniayws ‘ £ Web Browser
— =
~ & @ OpenLayers
G Google Maps b aps @ ArcGIS Desktop ~\ Google Earth -

4 .<\.:A

Middleware ‘

T~ <§5ybuoWLbLzlclrc 7
Application Q{‘r GeoServer GeoWebCache rgraph GeoMedia -
‘ !{';4 GeoServer

Server
@ ArcGIS Server l. . ERDAS Apollo Autodesk MapGuide
—
>0 ol & Buok |
--------------------------------------------------------------------- - LN ¥ 10Ig
WP PostGIS {5+
M
™ Desktop
ko PostGIS/PostgreSQL O Oracle Spatial —
Database B
MySQL with Spatial / Microsoft SQL Server %
IBM DB2 @ ArcGIS Server / ArcSDE

Figure3 Adopted lution for the ICT applications stage

2. Software

2.1. Data collection server application SMAP

SMAPsoftware is a data management (collection and analysis) and visualisation platform. Itis open
source, and can be downloaded from thigl &° Consulting websitehftp://smap.com.au). SMAP

Oty 06S dzaSR Ay O2Yo0AYylLGA2Yy 6A0GK Y20AtS RSGAOS
etc. to create, upload and download forms for various disciplines. As soon as data igtesdbin

can be viewed in the SMARashboard andlata with location can be shown on maps

www.forcip.eu
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Enketo Smart Paper

https://enketo.org/

Open Data Kit

https://opendatakit.org/

Magpi (former DataDyne)

https://home.magpi.com/

CommCare https://www.commcarehq.org

RapidSMS https://www.rapidsms.org/
FrontlineSMS https://www.frontlinesms.com/
SMAP http://smap.com.au/

ONA

https://company.ona.io/
Tablel Indicative list of Mobile Data Collection Solutions

The software is designed to be used in a continuous cycle in which informatmildsted,
assessed, and then published, so it can be applied in maps, graphs, tables and other IT systems.
Data can be collected using surveys on Android phones (fieldTask) or in web browsers (webForms).
The surveys are created in editors and then uplahde a Smap server. They can then be
downloaded to a phone or tablet, or opened as a web form in a modern web browser.

How does SMAP work?

[
SURVEY

1. Survey is
designed

3. Survey form is uploaded
to SMAP server

7. Analyst sees all results on
her/his laptor

4. Enumerator downloads

survey form to maobile form

2. Analyst creates
Survey form on SMAP

6. Completed Surveys are

uploaded to SMAP server

5. Enumerator
conducts surveys

Figure4 Process of data management with SMAPenman, 201%

The collected data can be visualised in graph, mapataular formats on theSMAPServer. Data
cleaning can also begerformedon the server. Data can then be exported as spreadsh&A\s\P
reports, Facebook oin other systems as a map. Tasks can be assigned to users to complete
additional surveys. OverdMAPis of anOpen Source nature, does not require Internet or Phone
Network connections and no literacy during field data collection. SMAP runs on Ubuntu Linux and
requires 2GB of Memoryand 20GB of disk. Users can either rent a cloud server f8vMAP

www.forcip.eu
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Corsultingfor $100 per month including suppour set up a computer running Ubuntu in its data
centre or on its laptopand download and instth the server software from SMAEbonsulting.
Multiple organisations can share a single SMAP Server, however thdaitagach organisation is

kept separate in the database. SMAP stores all of its data in a relational database with geospatial
extensions PostGIS. Data can be exported in geospatial formats such as ESRI shape files.

2.2. Field data collection: geoODK and @maps

The solution adopted for field data collection considers the use of an application, as mentioned
above, where the base cartography must be loaded into and another one for road characterization.

2.2.1. Oruxmaps

- ,
Tracks | | Waypoints Routes

.\L]p.s

Status \

Zoom + ; :-
—id

Reset zoom digital .
—/- u 1 Hand scroll

Zoom - .‘\
1 -.\ I'rip computer view

Relicf map

GPS on/off

Start recording tracks

Mecasure tool

Scale — I

\ 100 ‘-'—_1 Dashboard

Figure5 Functionalities and tools included within OrxMaps

OruxMaps is an Android mapping application that accesses online map services, including WMS,
OpensStreetMap and tiled map sources, or useffline maps saved from Mobile Atlas Creator.
OruxMapsDesktop isvailable to rectify scanned/digital images or paper mapse application
includes a moving map function, speed, altitudad direction information acquiredfrom a GPS
source (if enabled). Map data can be saved for offling as@nline when an Internetonnection

can be established. Tracks can also be saved and loaded.

www.forcip.eu
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O % 4 71% 11834 O v 471% @ 1831

¢ £ A @ : § £ A @©

O v 471%m1831

=

A WGS 1984

A WGS 1984 A WGS 1984 N
oA 41,8012°N 2,5589°W

oA 41,8091°N 2,5135°W oA 41,8091°N 2,5135°W
Figure6 Screenshots of Omumaps interface

2.2.2. GeoODK Collect

GecoOpen Data Kit (GeoODK) Collect is a freely available, open source mobile application that runs

on Android smartphones aiming to combine mobile data collection technologies and GIS mapping.

It is based on the ODK Collect, but has been extended withaitfhline mapping functionalities,

the ability to havea custom map layer, as well as new spatial widgets, for collecting gaimd

polygors,and GPS tracing functionality. GeoODK provides a way to collect and steefgemced

information, along witha suite of tools to visualizanalyseand manipulate ground data for specific

needs. It enables an understanding of the data for decigiaking, research, business, disaster
management, agriculture and more. As a miRthA YSy aA 2y | LILJoal@slt@ A 2y > D
provide an open source platform that can be expanded to address current and future needs of data
collection(GeoODK, 2016

The process of collecting data is very simple and includes the following steps (after having created
an account on the data collection server platform (i.e. Snap):

1. Connect to a data collection server application

The first step is théaunch the GeoODK Collect app in a surveyors mobile. From the main screen,

0KS dzaSNJ OFy aStSOd a{StGlAay3aé¢ 2y GKS 020G42Y NA:
GDSYSNIt {SGilAy3Tae 2LIA2y d | v RS Nhtfpre SaitiSgdihd S G A y 3
dzZa SNJ OFy OKIy3aS (G4KS da!w[é FASER F2NJ O2yySOilAy3
collection server agjration. At the final step an update of the username and password credentials

to match the user account for the Peajt is needed.

www.forcip.eu
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© v 4 78% N 12:48

m GeoODK Collect m GeoODK Collect > Settings @GeoODKCoHeﬂ>Geneml$9ﬁiﬂ§5

Data Collection & Mapping
Form Management ceo0DK Collt
200DK Collec

X =_—= Tap to visit http:/geoadk.com
— o General Settings
— SERVER SETTINGS

Collect Data Send Data Admin Settings Platform

QDK Aggregate

Map/Theme Settings
Q Configure platform settings
ant™”

Google account
Edit Data Map Data

Username
= "
v » Password
—5" 4 s
Delete Data AUTO SEND

Figure7 Procedure for collecting to anxasting server application

2. Downlogd the forms to filljn the gaga L o
¢KS dzaSNJ aK2dzt R NBUNRARSYS 0KS ¥ 2 N¥boRawRightandKS Y I Ay
TNRY (KS {SGiAy3a aONBSys aStSOt GUKS aC2NX¥Y al yl
is selected to download the form that needs to be completsgturning to the Home screen is
accomplished by hitting the back button once

O v A 78% N 1248

E GeoODK Collect > Get Blank Forms

Bottle neck
ID:s101
Form Management Hydrant
108102 L

General Settings Passing place o
10:s10.3
Admin Settings ie?;'nrent Line .
Map/Theme Settings ii?nrjem Point ]
U Turn place
1D:510_8
Water Point o

m GeoODK Collect > Settings

105107

» Toggle All Refresh

Figure8 Procedure for downloading the forms from the server to the GeoDK application
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3. Filling the formscollecting data

Ly GKS FANRG aONBSy 2F (GKS ILILJ FyR o6& OR22aAiy3

form which need to bdilled out, andnavigate through the form by swiping left and right. When all
0KS FTAStRA

2T K @S 06SSy O02YLX SGSRZ UKS &adzZNWSe 2N,

[ Geo0DK Collect I5) GeoODK Collect > Lienar Nuevo For... [ JGeoODK Colle.. &) @, %
Nection & MHIJDJ"Q Exploracién finalizada. Todos los formularios cargados.
Bottle neck D
Version: 1
Agregado; vie. 17 jun., 2016 a las 11:13 1
Hydrant Line Trace Instruction

Send Data Version: 2

Aegado: vie. 17 jun. 2016 a las 1113
png place
2
n APgado: vie, 17 jun, 2016 alas 11:13

Segment Line

Record GeoTrace

Select Mode: Automatic mode or
Manual Mode

Manual Mode

(2

® Automatic Mode

Edit Data Map Data
Version: 4 5
Agregado: vie, 17 jun, 2016 alas 1113
- s t Point v o2 3 P s s 1 s a e Secoacs
egment Poin qgqwer rtyuiop
‘U* Version: 3 Cancelar
[~—3 Agregado: vie, 17 jun. 2016 a las 11:13 . 5
asdf gh jk | @
Delete Data Settings U Turn place
Version: 2
Agregado: vie, 17 jun, 2016 a las 1113 4 zxcvbnm@
Water Point ne , @ . °
Version: 2

Figure9 Procedure for collecting data by (left to right) selecting collect data, featureegord, ID of the feature and
mode of geotrace

4. Data submission o o A
¢CKS dzaSNJ) Oty @AS¢ SyaNAaASa 2y F YIL 6dal LI 5F0F €
6 &9 RA G tidh fraim-tie mainpage). At the end following a form finalization procedure, the
F2N)Y OFly 06S &adooYAGGSR G2 GKS aASNISNI (KNPRdJzIK
submitted to the server, it will be removed from theGeoODK Collectcgifn.

7

iKS

Q GeoDDK Collect > Send Finalized Form

m GeoQDK Collect

Passing place2 .
Data Collection &g Finalized on dsu lous 20, 2015 at 1044

Segment Line -
il on o 26,2015 al 1042

(9

Collect Data

[\
DO

Edit Data Map Data
:
Delete Data Settings

Send Selected

< Togale All >

Figure10 Send data icon and selection of the data to be send
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2.3. The spatial database: Postgis

The storage of the collected data must be constdecarefully since the efficienayf future
applications depends on.iThe data display and the degree of difficulty in data updating must be
foreseenlnstead of using proprietary formats to store spatial data (e.g. shapefiles) or any other file
storage, it is more useful to use a spatial data base.

In particular, the spatialatabase (SDB) must meet the following requirements:

It should allow keeping the data centralized. Unigue repository.
Data distribution must be guaranteed.

Integrity of the data. It must allow integrating topology.

Easy update of the data.

Coincidencesimultaneously access to the data.

Open source.

Display tools.

Map server implementation possibility.

=A =4 =4 =4 -4 -8 -8 -9

PostGIS is a spatial database extender for PostgreSQL -odlggainal database. It is spatial
database which is built on top of a standard PostgreSfpabdse adding support for geographic
objects allowing location queries to be run in SQL.dhispen source software, released under the
GNU General Public License. The first version of PostGIS was released by Refractions Research Inc
in 2001. Postgrg3L provides transaction management, disk storage routines, SQL processing and
planning and other tasks afstandard database while PostGIS provides spatial types, functions and
indexes (Ramsey, 2011). Among other characteristics Post&d8esal toolslesigned to load and
export data, it is compatible with QGIS for editing/viewing tools and it can work with open source
mapping servers, most confoing to OGC mapping standards: WMS, WFS, WCS, etc. PostGIS
supports both geometry and geography types, adgstial data types like points, linestrings,
polygons, multipoints, multilinestrings, multipolygons and geometry collections and it also adds
spatial functions like area, distance, union, difference, buffer, touches, intersects, within, contains,
overlapsetc. (Bauer, 2012Agrawal and Gupta, 2014

Therefore, PostGIS is the spatial database selected for this project since it meets the requirements
searched and listed below:

PostGIS is open source, it implies it is free.

It is compatible with OGC standards.

It supports spatial data, spatial index and provides many spatial functions.
It allows export andimport of different formats through tools design for it.
QGis can work with PostGIS.

=A =4 =4 =8 =9
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1 There are many of web map servers (Geoger included) which are able to run with it.
9 Itis the most extended open source spatial database.

2.4. Map server: Geoserver

There are several web mapping servers that can create and publish geospatial web services such
as web map services (WMS), web feature services (WFS), and web coverage servicBa(WS)
2012, includingboth open source and proprietary alternativeBaple2).

Category MapServer GeoServer ArcServer

Website http ://www. mapserver.org/  http ://geoserver. org/ http://www.esri.com

Operating  Windows,Linux, Mac OSX,

. Windows, Linux, Mac OSX Windows, Linux
Systems Solaris, etc.

License TypeOpen Source Open Source Proprietary
Software Command line or separately . . . .
Interface installed graphical user interfacGraph'Cal user interface Graphical user interface

Vector: shapefile, TIGER, etc. Vector: shapefile, TIGER, etc. Vector: shapefile, TIGER, e

Supported  Raster: TIFF, GeoTIFF, JPEG, Raster: TIFF, GeoTIFF,JPEG, Raster: TIFF, GeoTIFF,JPE

Input File  pNG, etc. PNG, etc. GIF, PNG, etc.

Formats Databases: Microsoft SQL,  Databases: Microsoft SQL, = Databases: Microsoft SQL,
Oracle,PostGIS/PostgreSQL, eOracle, PostGIS/ PostgreSQL, Oracle,PostGIS/PostgreSQI

Output OGC

web services WMS / WFS / WCS WMS /WFS / WCS / Etc. WMS /WES / WCSFtc.

Table2 Comparison of MapServer, GeoServer, and ArcSe(Bawuer, 2012

Geoserver is the J2EE realization of Open GIS Web server (Huang and Xu, 2011) . Itis an open source
platform that supportsthe OGC standards like Web Map Service (WMS) , Web Coverage Service
(WCS), Web Feature Service (WFS) and Web Feature Service titnaalspotocols. It can work

with a large range of data formats like Shapefile, ArcSDE, Oracle Spatial, PostGIS and other spatial
formats. It hasfully-featured Web administration interface. Role based security can be configured

in it. In order to fullyutilize the capabilities of GeoServer compatible client software must be used.
OpenLayers is a client side software which is widely used with GeoServer as an open source
JavaScript package based on AJAX techiidlggwal and Gupta, 2014

2.5. GIS editor: QGis

To manage this informatiofvisualize, edit, angse datagtc.) is necessary tose GIS software. For
this project,QGISseems to be the best option since it is a user friendly Open Sd@arographic
Information System (GIS) licensed under the GNU General Public License ags@it bimux, Unix,

www.forcip.eu

17 'inFo@Forcip.eu


http://www.esri.com/

&
\’,FORcim [

FORCIP+ ECHO/SUB/2015/718661/PREP20 11 -12/02/2016

Mac OSX, Windows and Androwhile supporting numerous vector, rasters and database
formats).Quantum GIS or QGIS is based on the C++matfigm library Qt from Nokia. Therefore,

it runs on most existingperating systems, includingiuix, Unix, MacOSX, and Windows. The name
Gvdzl yidzy DL{¢ KIla y2 &aLISOALf YSIyAy3d SEOSLI GKI
Qt library. The goal of the Q GIS project is to provide a-fusgrdly, modular, and platform
independent GIS. Cuntly, it offers viewing, editing, and analysis of geodata. It also contains a
server component and a composer for print layouts. Furthermore, the GRASI8 pllaysthe use

of the analytical functionality of the GRASS program from within the QGIS GL8.9Qpports a

large number of vector and raster formats, including PostGIS, GRASS, Shapefile, GML2, WFS, GPX,
WMS, GeoTiff, PNG, and many others. Vector data can be transformed on the fly by using the
PROJ.4 librarfv/atsavai et al., 2032

o o hous o iy e S G St it e
BROR QO+ 2L 2P0 Q4R =G ' @ - W
5 % = % “ A

o Recent Projects

P W) oo 52,8075 =] repewoat [0 2] % abeonin v i Towipn T Toorios 5]

Figurel1QGIS 2.14 Essen

At the beginning of the project, QGIS was just one big executhéter, it was split into several
libraries toallow third-party applications to link with it and reuse the QGIS code. Note that, like
QGIS, thesébraries are also under the GPL license and so any-plairty applications linking to
them need to be GPL compliant
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2.6. Viewer: OpenlLayers

A web map API is a collection of programming utilities which can be used for the implementation
of a web map withouthe need to program the elementary functionalities from scratch. Current
APIs facilitate adding a default map application to a web page with very basic programming skills,
providing also a number of tools for customized implementation. The APIs are dghasdd upon
Asynchronous JavaScript and XML (Ajax) web technologies that run on ordinary web browsers
without additional pluginé<ettunen et al., 201p

OpenLayers is an open source (provided under thalse BSD License)ent-side JavaScript
library for displaying map data in web browsé@razzard, 2011 It provides an API for building rich
web-based geographic applications similar to Google Maps and Bigs. The library was
originally based on the Prototype JavaScript Framework. eTA&4ds are generally based upon
Asynchronous JavaScript and XML (Ajax) web technologies that run on ordinary web browsers
without additional plugins.

OpenLayers makes it easyput a dynamic map in any web pagjace instead of building a mapping
application from scratch, OpenLayers can be used for the mappinglpaen display map tiles,

vector data and markers loaded from any source supporting GeoRSS, KML (Keyhole Markup
Language), Geography Markup Language (GML), GeoJSON and map data from any source using
OGeGstandards as Web Map Service (WMS) or Web Feature Service OpEB)Layers has been
developed to fur OpenLayers is a map engine that provides an API (Applicatgpar® Interface)

that can be used to develop everyones web maps.

Figurel2 Client / Server Model which in the case of a web map application, some sort of map client (OpenLayers)
communicates with some sort of web map server (e.g WMS serverdiHazzard, 2011
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