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SummaryHistorical maps are a great resource for many scientists, not only for thése dea
ing with its practice, but also for those of different fieldsesfearch, interested in theoge
graphic analysis of the environment. Using historical maps in digital formniarodion

with moden maps or data can offarvariety of benfits to researchersince itprovides

to them the opportunity to study the gedriteand thematic properties of the maps or to
use maps of different time periods to detect and determine changes in the environment,
border changes or renaming of toponyms in the area.

Nowadays, the development of new Internet technologies gives thelwppoto experts

or the general publito gain web access to information and daiafind maps in digital

form and download them with or without cost from digital map libraries or privaleceol
tions. These mapare usuallyin high resolutiorbut they ae just scanned imageseded

to be correctly rectified in order to be compared with modern maps. A solution to this
problem is the development of a system where the researcher will have online access to
correctly rectified maps and will also have the agpnity to compare historical with
modern maps inside the platform and use thehigherresearch

The aim of this paper is to describe analytically the methodology followed in every step of
the procedure from the selection of the historical maps anddlection of modern data

to the finaluse of thecomparison tools provided by the platform, giving in that way the
frameworkto everybody tcanalyze digitally historical maps and to compare them with
modern data online inside a platforin.order to mak the procedure more cleare have
usedexamplesof historical maps and modern data fromfetiént sourcespbtained free
online througtthelnternet

Introduction

The comparative study of historical maps comirgrfrdifferent epochs is usually an educative
process in mathematical cartography, since the geometric properties of the maps can be studied
through modern analytical cartographic tools. Apart from that, studying historical majs® is
important anchelpful not only to cartographers but also to other scientists dealing with dhe ge
graphic analysis of terrain and environmental changes and investigating the temporetidntera

of human activity with the spatial environment during the years. The digitabiretion of early

maps with modern cartographic data is a very important procedure for researchers, smce it pr
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videsthemwith the opportunity to study the development of an area and to detect its changes d
picted on these mapisrough time

Recenly, the development of new web technologies gave the opporturdtigital map libraies

or private collectiongo provide mapgrom their collectionsin digital form and usually in high
resolution online through the internétiis is very helpful for resarchers since now they can find
easily maps to use in thestudies;the only problem is that these maps are just scanned images
without havinganyreferencdo the maps' coordinates. The wide variety of applications, historical
maps can have in differestientific fields, requires a more accurate approach from the simple
scanning of historical maps. Most of the times, the historical maps should come in comparison
with each other or with modern maps of the same area in ord@ow changes in the enviro
mentori n a n topomymwsaod te study their geometric and projective properties, which is of
main interest in the quantitative domain of the history of maps. In order to do that, the researcher
is bound to georeference the maps and then to bringititerane to one coespondence, using in

both cases best fitting techniques through proper transformations between sets of points, common
in both maps. Thiss sometimes a challenging procedure even to a cartographer due to the inhe
ent properties of theistorical maps such as their scale, their mtoj@ system and the different
standards followed in each case by the cartographer for thsitrgction(Tsorlini et al, 2013,b).

A solution to this problem is the developmentacdystem where the useresearcher will have
online access t@roperly rectifiedhistorical maps whicltan be easily compared with modern
maps. This possibility will save time to the researcher, since he will have historical maps ready to
be used in his study without having toeabout their correction and reliabili#. project deve

oped by the Institute of Cartography and Gémimationat ETH Zurich to serve these needs is

the GeoHistory portal powered by GeoViT@he GeoHistory portélis developed to provide
researchersvith online access taistorical correctly rectified maps in comparison with modern
maps and datgiving also the opportunity to compare the maps online through the platform and to
download them in the appropriate format and use them in their. study

The aim & this paper is to analytically describe ttedowed methodology which consistsof a)

the collection of the proper historical maps and modern data, b) the correct rectification snd tran
formation of the maps in order to be aligned to vedaa and finally, c) their inclusion in an
online geehistorical portal, where their comparison will be done using different tools arid met
ods provided by the platform. In this final stage, the correctly transformed maps and thergeorefe
enced vector dataill be loaded into a spatial database and managed by a GIS system using vis
alizing, geocoding and geoprocessing services in order to offer the results online in a web server,
through an interface easily accessible and understandable by any user. dnpsutai, the cm-
parison of the maps can be done using different tools and methaidepr by the platform and
described analytically inside it.

For thedescriptionof the various steps of the extended methodolbggcribed in this paper we
have create@ specific version of the GeoHistory platfolmoncerningRome Italy (also me-

tioned as GeoHistory4Rome). For thigmose we have been usihgstorical maps and modern

data coming from different sourgesuch asibraries, universities, institutes or public servjces
which wereobtained free online throughe Internet, covering mainly the area of Roriéese

! The GeoVITe portalhitps://geodata.ethz.ch/geovjté¢ developed by the same Institute of Cartobyaand
Geoinformation in ETH Zurich in cooperation with the ETH Library, to provide employers, studentg-and r
searchers from ETH access to professional vector and raster geospatial datasets from the Swiss Federal Office of
Topography in a simple, conventeand useifriendly environment througthe Internet (losifescu et al., 2011).

2The GeoHistory portal powered by GeoVITe can be accesshttps://geodata.ethz.ch/geohistory/
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data and mapserve onlyas examples in order tnakethe methodological framework more clear
and to be easily used by anybodgerested in this research.

Methodology for analyzing digitally historical maps in an online interactive platform

The methodology for analyzing digitally historical maps in comparison with modern maps and
data inside amieractive platform consists direefundamental stagegn which important steps
of the proceduréakeplace(Fig. 1)

Data preparation

1. selection of historical and modern mapslvectordatafrom different sources

2. correct rectification of hisrical maps

3. transformation of thenaps and vectadata to the same projection system so that they can be
easily compared

Platformdesignwithain @ i er Architectureo

4.inclusion of all the maps and the data to a spatial database setting the prdp#ogyno them
5. creation of map services to control the visualization and the geoprocessing of timeldeéal i
in the spatial database

6. integration of the map data in an irgetive graphical user interface

Platform Usage for comparative analysis

7. definition of functionalities and tools to be used for the comparison of historical and modern
mapsinside the platform
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reference system
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Figure 1: Procedure followed for the digital analysis of historical maps online through a platform developed for this reason.
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Sekctionof historical mapsnd modern data

The development of new internet technologies gave researchers and general public theiopport
ty to find historical and modern map®m different sources only by searching on bhiernet

These maps argsually in high resolution and can bewhloaded with or without cost and used in
relevant studiedmportant to the selection distorical and modermaps ishe area and the cha
acteristics they depict as well as their scale which shbeldlmost simiar in all the maps to

avoid generalizatin issues on the maps in small scales.

The cdlection of modern datalepicting the main characteristics of the area (road and hydrolog

cal network, settlements) but also its specific characteristics (sites of itouristest, areas of
specific environmental interest) demands to search for maps in analog or digital form and vector
files throughthe Internet or public services. These data shbalthencombinedwith each other

in order tocompose the basemapthe area. Due to the fact that these data are coming flem di
ferent sources, it is necessary, before their use, to be evaluated mainly for the accuracy of their
geometric content but also for the existence of the thematic characteristics they depioeartss

that the origin of every file should be known and checked for its consistency, precisioniand rel
bility (Boutoura et al, 2013)

Correct rectificationof historicaland modermaps

The next step in the procedure is the correct rectificatiomsidrical and moderrmapsdown-
loaded in the previous stelm order to do thatt is important first tostudy the geometric prope
ties of each map in order to define its projection sysféhe projection system of each map is
reconstructed using a grid in wgh then, each map georeferenadto its coordinatesising as
control points the common intersections of the gfklg. 2) This piocedureis implementedor
the georeference of the maps, especihiyhistorical maps, sincaithis way the map acquires its
physical dimensions,lieninating also possible geometric deformations causedinly by the
scanningTsorlini et al, 2013plosifescu et alR017).

Georeference of maps — Transformation of maps and data to a common reference system

Historical or Smdu\'?mzd reconstruction of Modern data
maps’reference system
Modem Maps e (vector) —
(digital form - raster) \1, Deﬁmtlor.l Of the
— - final projection
G in maps system
initial projection T
i
Georeference 3
\l/ v
Grid in final
Historical / Modern projection system
maps in their
rojection system
proj < Transformation of data and
‘ maps to a common projection

|

Georeferenced maps / . .
Vector data / Grids T~ Digital comparison

in a common proj. system *~-5  of historical anfi
modern maps with

modern vector data

Figure 2: Pocedure followed for the correct registration of thenseal historical maps and their digital comparison with
other mapgSource: Tsorlini et al. 2013a,.b)
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Transformation of maps and data to the same reference system

In order to compare the historical maps with the modern maps and data, it is importarg &l b

the data to a common reference system and in that way to one to one correspondence to each other
(Kousoulakou et al. 2010, Tsorlini et al. 2010, 2013a, b). This transformation should be done sep-
arately for each map and for each vector file, sitheeinitial reference system may vary from

map to map. The procedure including the georeference and the transformation of the maps and the
vector data can be summarized in deegram geeFig. 2).

Mapsand vector datased as examples for tlatudy

For this study, in order tdescribe the different steps otmethodology we have downloaded
free online historical maps and modern vector diatm different sourcesThese maps and data
are first beingoropety procesed and thertransformed t@ common reference system in order to
proceed to their further digital analysis

The historical mapsdownloadedfree online from the Digital Map Library of the Cagraphic
Institute of Cataloniand the online Map Library of the Italian Geographic Sycee

a) Piano Topografico di Roma e suburlig Istituto Geographico Militaren scale 1:5000, dated
to 19071924 (Cartoteca, Societa Geographica ItalianBhis map series consists of 12 map
sheetssix of which are used in our study to show the depehent of tle city during the last ¢e
tury (Fig. 3). This mapseriesis constructed in the modified Flamsteed projection using Bessel
Ellipsoid and itdDatumis on Monte Mario on geographic longituge 1227' 8.04"(Baiocchiand
Lelo, 2009 Timar et al, 2011

Figure 3:Piano Topografico di Roma e suburltig Istituto Geographico Militarén scale 1:5000 (1907924)
[Source: Cartoteca, Societa Geographica Italiana].
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b) Plan of Ancient Bmeby W. B. Clarke, engraved by J. and C. Walker and published lu Bal

win and Cradock in London, 1830 (Digital Map Library, Institut Cartografic de Catalunya) (Fig.
4a)

c¢) Plan of Modern Romby W. B. Clarke, engraved by J. and C. Walker and publishé@bluly

win and Cradock in London, 1830 (Digital Map Library, Institut Cartografic de Catalunya) (Fig.
4b).

The last two maps constructed by W. B. Clarke do not have an obvious reference system since
there is no grid drawn on them or on the frame of the mhpse maps are regarded as images
and they are best fitted to modern vector data on the common projection system usimgohs co
points, characteristic points of the maps such as the river and the wall around the city. In that way,
it is possible to sedné development of the city inside the wall and to find out similarities dnd di
ferences.

"\ MODERN ROME
\

Figure 4:Plan of Ancient Rom@eft) andPlan of Modern Romgight) by W.B. Clarke (1830)
[Source: Cartoteca Digital, Institut Cartografic de Catalunya).

Modernvector datahas been found from different sourcesd due taheir accuracy and con-
sistency we have finally usal the Openstreetmap (OSMjatain shapefile formatownloaded

from Geofabrikand Cloud/lade. This data iavailablein geographic coordinates the WGS84
reference systemand consists of different layers of information, such as the land use of the area,
administrative boundaries, roads, railways, buildings and place names (Fig. 5).

3 T "/

D\ NXZ WA
N A RENT Y

Figure 5:Modern vector data and the relief downloaded freamerftom different sourceis Lazio region (left)
and in the city of Rome (right).
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The relief used as the background of the map (Fig. 5) is the ASTER Global Digital Elevation
Model. This is a product of the Ministry of Economy, Trade, and Industry (Y&ffJapan and

the United States National Aeronautics and Space Administration (NASA) and it is provided by
U.S. Geological SurvéyThe GDEM is produced with 30 meter postings, and is formatted in 1 x
1 degree tiles as GeoTIFF files, covering the regydhazio.

Inclusion to a spatial database

For our system, we employ a thieer-architecture: a database (the data tignm,services (the
logic tier) and the graphical user interface (the presentatiorasist)own in Figure.6

Figure 6: Moderrhreetier architecture used in our system

In order to organize, store and manage vargaaspatial datasetsr online useit is important to
havea database management systémour case the geot#aare stored in a PostgreSQL @dia-
base, whichmarages the spigl data usinghe PostGIS 2.Gpatialdatabasextension(Geohgsto-

ry, Abou). A spatial database offers a wide rangad¥antageshe most important in this case
theincreasegerformancef geodataenderingvhenmany users in an onlindatform access the
same data concurrenthvoreover a geodatabase offers obvioadvantages in the orgasiion

and the management of the spatial data, since it can store raster and vector data iizeadentra
locationwhile insuring data consistenaptegrity and faukltolerance It inherently prevents data
redundancy and updating erroitsgan define advanced geospatial relational models (e.g., topolo-
gies, networksandit offers independence of a specific GIS data forrhatally, it offers, throudp

SQL, a wellknown query language for efficiespatialdata etrieval (with geometry data types
and spatial functionsdr for applying sophisticated rules and relationships to the tatather
words, faving all the data in a database gives the oppityttm maintain integrityof spatial data
with a consistent, accurate databaggle performingwithin amultiuser access and editiegvi-
ronment.

Creating map servicesVisualizationand Geoprocessingf the data

Since the database offers accuratedores for data organization and retrieval, it is possible to
design and createservice oriented architecture (SOA) offering/iae range of services based on
this dataServices, or more exactly Web Services are the central elements inpileyeloy knd

of software applications in our architecture. A Web service is a type of service that can ibe ident

3 The elevation model was downloaded for the area of Rome through the EarthExporer website of U.8. Geolog
cal Survey (http://earthexplorer.usgs.gov/).
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fied unambiguously by an URL and uses Web standards such as HTTP for transport. It works on
top of the basic concept underlying the Web, namely the pboteequestesponsdFig. 7).

REQUEST o

(& (A

RESPONSE

Figure 7: The concept of requassponse used by the platform for accessing the Web services that were set up on top of the
data[Source: losifescu 2011].

A client simply sends a service request to a service aneéthiee returns an appropriagsponse

to theclient containing the desired results. This means that every user interaction (such as map
visualization or download) in the platform is translated into requests that can be fulfilled by the
corresponding sergesof the logic tier Thereforeany software application, including a gestbi-

ical online portal, can be flexibly composed from interconnected services swiduagation,
geoprocessing and geocoding servittest are provided to the users througraphical User
Interface(losifescu et al, 2011)

Integration of theservicedn an interactive Graphical User Interface

Our graphical user interface (GUI) is encapsulated in Java Servlets and JSP technology and hosted
on a Tomcat Servlet Container (neface Tomcat)The GUI itself, which is thepresentation/
interaction tierin our architecturewas created usingavaScript and&calable Vector Graphics

(SVG) based on the carto.neamework (Neumanand Winter 2003), that we further de\aped

ard adapted to the needstbe Geovite projectThe user interface interacts with the visuailan

and download services by usitite requestresponse mechanisdetailed aboveThe integration

of services in the platform is done though a configurationrildML format,thus decoupled of

any codeThis configuration file contains, in a humaieadable formathe necesary information

such as the service location, the type of service, the layers to be displayed or the icon and legend
information As a conequenceno programming skills are required for &dg this file and for
connecting the available service to the corresponding GUI elementstiseiogerface elements

are created programmatically based onXMdL file.

Tools and methods to compare rmapside the platform

From the user interface perspectivarious toolsare offered to giva researchethe oppornnity

to have online access to historical maps, to select those correctly rectified to the region he needs,
to study and compare them omiand finally to download them in an appropriate format for of-
fline use.

The GeoHistory portalpart of which is the GeoHistory for Rondeveloped for demonstration
purposesuses the basic functionalities developed for GeoVITe portathleoe are alsaeddition-

al tools useful for the digital cgmarison of historical and modern map#$e online digital com-

parison of the maps this portalis allowed thougtanoverlayof mapsand a variable tragparen-

cy technique or for better results, it is possiblentcert one of the maps in order to make differ-
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ences more obviou§ig. 8 or to use the modern vector data included in the platform to compare
specific characteristics of the map (Fig. 9)
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Figure 8:Comparing ancient and modern Rome constructed by €lading inverted colors and transparency to detect the
historical monuments of the city.

Figure 9:Comparing the buildings on the topographic map of Rome with the modern buildings in vector form (red polygons
in transparency).

Another way to identifghe changes in the natural characteristics of an area close to th&imsu

or close to the route of a river is to use satellite images or a 3D digital model (Fig. 10) to see if the
depiction of these specific areas corresponds with the modern religfir{iTsbal, 2013).
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