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Google Maps are increasingly used for communication throughout many map-based services and maps,
embedded on third-party websites via the Google Maps API. The main objective of this study is to present
a solution for an easy creation of an interactive web map, with a base map supplied by Google, where all
map elements and additional functionalities are handled by just one line of code. The present solution for
the automatic creation of a complete web map, based on the Google Maps API, is the R package
plotGoogleMaps. This tool provides a new interactive plot device for handling the geographic data for web
browsers. It also offers a complete map in the HTML format, which has become a regular medium for car-
tographic communication. The tool plotGoogleMaps is developed in the R software language and it is
designed for the automatic creation of web maps, as a combination of users’ data and Google Maps layers.

1. Introduction

Although the Internet has been in existence, at
least in some form, since the late 60s, only from the
mid-90s, with the widespread use of the World
Wide Web (Web), has the Internet become a fore-
most medium for cartographers [Peterson 2007].
The real breaking point in the usage of geographic
information on the Web was in the year 2005. In
June 2005, Google released the Google Maps
Application Programming Interface (API), which
allows a combination of geographic information
from a variety of sources and formats. One of the
most important capabilities of the API is the genera-
tion of mashup maps—the product of the combina-
tion of geographic data from one source with a map
from another source [Miller 2006; Gartner 2007,
Haklay et al. 2008]. The mashup maps are easy to
create and implement in any web page, with no cost
and without any technical specification and require-
ments whatsoever, resulting in an increased web
mapping popularity. This progress, together with the
popularity of web mapping, and its application, is
clarified by Haklay [Haklay et al. 2008]:

These rapid developments in web mapping and
geographic information use are enabled and facili-
tated by global trends in the way that individuals
and communities use the Internet and new tech-
nologies to create, develop, share and use informa-
tion (including geographic information), through
innovative, often collaborative, applications.

This change of direction of the Web philosophy,
from communication media to contribution media,
is named Web 2.0. The term and the concept, Web
2.0, was first coined and described by Tim O’Reilly
[2005].

The collaborative nature of the Web 2.0 envi-
ronment allows data production to be shared among
many individuals [Feick and Deparday. 2010].
Goodchild [2007] described the term “Web Mapping
2.0’ as an important part of the Web 2.0 concept.
Integration and visualization of different geographic
information on base map (such as Google
Maps/Earth, Virtual Earth, or Yahoo Map), is the core
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of “Web Mapping 2.0’. The most significant part of
Web Mapping 2.0 corresponds to Google Maps/Earth
services. Google Maps/Earth is a ground-breaking
software, in at least five categories: availability of
application, high quality background maps, single
coordinate system, web-based data sharing, popular
interface and availability of API services [Hengl
2009].

Google Maps API has encouraged a consider-
able number of users, with intermediate and
advanced programming knowledge, to build their
own applications, using Google Maps data as the
visualization interface [Gibin et al. 2008]. According
to Built With Trends statistics [Built with Web
Technology Usage Statistics 2011], the usage of
Google Maps websites was over 1 billion, compris-
ing mainly thematic cartography.

A thematic map displays the spatial pattern of
social or physical phenomena, such as population
density, life expectancy, or climate change. Thematic
mapping has a long history in geography, and one
important part of presenting thematic data is the
provision of high quality base maps, which allows
integration into the Google Map interface, through
Google Maps API. The London Profiler [Gibin et al.
2008] presents geographic information as a series of
choropleth maps on top of Google Maps. This exam-
ple is an exception from most mashups, because they
mostly display spatial point data (push pins).

The objective of this work is to provide a solu-
tion for the easy creation of an interactive web map,
with a base map supplied by Google, where all map
elements and additional functionalities are handled
by just one line of code. The solution for the auto-
matic creation of a complete web map based on the
Google Maps API (the HTML file with CSS styling
and Java Script functionality), is the R package
plotGoogleMaps [Kilibarda 2010]. The package
provides a solution to create and visualize vector and
raster data and map features, choropleth maps, and
proportional symbols. The growing popularity of the
R language, particularly among academic and expert
communities, and especially in the field of spatial
data analyses, in addition to restrictions of existing
solutions, was the driving force behind the devel-
opment of the plotGoogleMaps tool. The goal of the
presented work is to adopt and apply map design
principles, in order to create mashups, and to focus
on the minimization of coding and scripting. This
would enable the creation of mashups based on
Google Maps, without any Internet programming
knowledge. Thus, the creation of web maps becomes
a plot facility for R users. The web maps created by
plotGoogleMaps package could be used as a tempo-
rary result of spatial visualization, generated on the

local machine, or published on any web page. The
next section contains a brief description of theoreti-
cal and technical background for the development of
the plotGoogleMaps package, Web 2.0 and AJAX,
Google Maps API, and R software environment. In
addition to this section, there is a description of
package functionalities, and of how these were pro-
grammed, with details concerning the source code,
and instructions on how to get this package. The
paper continues with examples of package applica-
tions, while the last section concludes the study.

2. Methods
2.1 Web 2.0 and AJAX

Best [2006] defined main characteristics of Web
20 in a few items, which are: a rich user experience,
user participation, dynamic content, metadata, web
standards and scalability. Examples of Web 2.0
applications embrace social networking sites, video
sharing, wikis, blogs, etc. The Web 2.0 concept is
based on the AJAX technology.

Asynchronous JavaScript and XML, or shorter,
AJAX [Garret 2005; Asleson 2005] is the name given to
a set of modern web application development technolo-
gies, previously known as dynamic HTML (DHTML)
and remote scripting. The fact that this web application
has a similar speed to the standard desktop application
makes up the core of this technology. Traditional web
pages, created in HTML, were static, nonflexible, and
hardly adopted for a dynamic content. AJAX, on the
other hand, as the base of Web 2.0 concept, was built for
the dynamic, interactive, and efficient web pages, with
high performance. Web pages without AJAX were
slow; user interaction with the website required sig-
nificant web server-side resources, so that if just one
part of the web page was changed, the server needed to
send a complete web page with the changed part back to
the user. If the user drew a point on the web map, the
server would send back the whole redrawn map with a
new point. AJAX brings a new concept, so that the user
interaction is left to a user’s computer, which works only
with a changeable part of the web page. Therefore, even
if the user operates with one point only, it would not be
necessary to redraw the whole map again. AJAX-based
geographical applications significantly improve the
usability of web mapping [Skarlatidou and Haklay
2006; Haklay and Zafiri 2007; Haklay et al. 2008;
Kilibarda et al. 2010]. Apart from AJAX, APIs have
also influenced web mapping strongly. API is a set of
routines, protocols, and tools for building software
applications. The most popular web mapping APIs are:
Google Maps API, Yahoo! Maps API, Microsoft Virtual
Earth API, and AOL MapQuest API [Gartner 2009].
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2.2 Google Maps API

Google Maps API is a set of predefined
JavaScript classes, designed for embedding the
Google Maps site into an external website so that
additional geographical data could be overlaid over
a basic Google Map. This is possible to realize,
even if the creator is not an expert in web program-
ming, although basic knowledge in JavaScript pro-
gramming language, XML, Ajax and XHTML is
required. Google Maps API, compared to the rela-
tive complexity of Open Geospatial Consortium
(OGC) standards, is much easier for implementa-
tion. Google Maps API provides mapping function-
ality and high-resolution background data,
although map mashups implementation still
requires some web programming knowledge. It
enables a combination of geographic information
from a variety of sources and formats. GIS data
objects, such as vectors, points, polylines, polygons
or raster, are represented in the mashups as Google
Maps API JavaScript objects. For that reason, it is
necessary to transform the GIS data into JavaScript
objects, appropriate to Google Maps API. These
objects could be cartographically represented,
though with some limitation, especially with point
symbols. Polylines and polygon’s line representa-
tions could be defined with outline width, colour,
transparency and fill colour, or transparency, for the
polygon area. Transforming the GIS data into
Google Maps API objects, and defining a carto-
graphic representation for every single object, is
time consuming, and rather difficult, especially for
someone who has no experience in web program-
ming. The developed R package, plotGoogleMaps,
offers an easy creation of mashups as local files, or
files ready to be published on the Web.

2.3 R environment

As stated in the Introduction of the R Language
Definition on-line manual [R-project 2011], R is a
system for statistical computation and graphics,
which provides, among other things, programming
facilities, high-level graphics, interfaces to other lan-
guages, and debugging facilities. R implements a lan-
guage similar to the S language, originally developed
by John Chambers [Becker and Chambers 1984]. The
main difference is in the license statement, because in
contrast to the S language, R is free and open source
software under the terms of the GNU General Public
License. The syntax of the R language is analogous to
the C programming language. However, a fully
functional interpreter permits the creation of functions
and calculations within an environment defined by a
command line window, or graphical user interface
[Grunsky 2002]. R is organized as a collection of

packages designated for specific tasks. There is also a
set of developed packages, which could be especially
interesting for geoscientists.

The R package system has been one of the key
factors in the overall success of the R project [R
Development Core Team 2008]. R contains the base
system which enables statistical computation, linear
algebra computation, graphics creation, and similar.
A package is a related set of functions, help, and data
files that have been bundled up together. Packages in
R are similar to modules in Perl [Perl 2011], libraries
in C/C++ [C programming 2011], and classes in
Java [Oracle 2011]. It is not necessary to install the
specific packages, if it is not a part of the user’s
computing and analyzing interests.

The existing solution of using a Google Maps
image, as a background for plotting spatial data, is
the RgoogleMaps R package, based on Google
Static Maps API. The Google Static Maps API
[Google code 2011] allows the embedding of a
Google Maps image in the user’s webpage, without
requiring the JavaScript, or any dynamic page load-
ing. This package provides static maps, without the
interaction with attribute data pan or zoom control,
and with a constrained quality of the Google back-
ground map, offered by Google Static Maps API.
The maximum zoom level, provided by Google
Static Maps API, concurs with the max size limita-
tion of 640 x 640 pixels.

The other package with similar functionalities,
which provides an interface between the R and the
Google Visualisation API, is called the googleVis
[Gesmann and de Castillo 2011]. The Google
Visualisation API offers interactive charts that can be
embedded into web pages. The googleVis package
contains options to produce maps mashups based on
Google Maps API. The input data for the package is
the data frame with marked columns, related to
location information. This is a typical package used
for handling spatial data and their visualization.

3. The Developed Software
Package—plotGoogleMaps

The newly developed R  package,
plotGoogleMaps, based on AJAX and Google Maps
API service, produces HTML file map mashups
(web maps), with Google Map high-resolution
background data, and additional data layers.

The package contains two components for spa-
tial data handling, sp and rgdal R packages. These
sets of developed packages are especially interesting
for geoscientists. The R developers have written the
R package sp to extend R with classes and methods
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for spatial data [Pebesma and Bivand 2005]. Classes
specify a structure and define how spatial data are
organized and stored. Methods are instances of func-
tions, specialized for a particular data class [Bivand
at al 2008]. The package rgdal provides functionali-
ties for the import and the export of the most popu-
lar formats of GIS data in R. This package uses func-
tions of the Geospatial Data Abstraction Library to
read and write the GIS data, with options for han-
dling a coordinate referent system (CRS). With rgdal
package, users can optionally define, or own a CRS,
or inherit it from the input data, as well as perform
data transformations between different CRS’s, by
using PROJ4 library [OSGeo 2011]. The imported
GIS data are converted to sp objects, used for han-
dling the vector and raster data in R [Pebesma and
Bivand 2005]. These functionalities enable the use of
a very large amount of the GIS data formats, as input
for the plotGoogleMaps. Input data, sp objects with
defined CRS, is the only mandatory argument in the
plotGoogleMaps functions. Hence, different GIS
formats of input data are read in R, and afterwards
based on a predefined visualization method; those
data are mapped as web map (Figure 1).

The plotGoogleMaps contains functionalities
from PROJ4 library, which performs coordinate
transformations from source CRS to WGS84 CRS,
used for spatial data handling by Google Maps.
Google Maps API allows for additional spatial data
handling, in the form of XML, KML, and GeoRSS,

but some visualization functionalities, as well as
interaction with attribute data in the form of Google
Maps API InfoWindow object and similar, are diffi-
cult to be controlled. Another solution is to use the
data in the form of predefined JavaScript classes of
vector data primitives; point, line and polygon data
and raster overlay. This approach is also implement-
ed in plotGoogleMaps. It means that every single
primitive is separated from the spatial object, and its
geometry is translated into a JavaScript object.
Attribute data for every single feature is converted
into a JavaScript InfoWindow object; its activation is
available by clicking on the related feature on the
produced web map. Additional visualization options
supported by Google Maps API objects, such as out-
line width, colour, and transparency, can be specified
in plotGoogleMaps functions. Visualization of
mandatory parameters is easy to set, by using option-
al arguments in plotGoogleMaps functions.
Therefore, plotGoogleMaps writes object arguments
in every JavaScript object in the final HTML file.
Google Maps API provides the majority of Google
Maps utilities, such as pan, zoom, background layer
control, and scale bar. Map utilities are controlled by
optional arguments in plotGoogleMaps functions.
Similarly, map width, background colour, layer
name, legend name, default background map, etc.,
can be set by using optional arguments in the
plotGoogleMaps function. Some advanced utilities
for interactive controls of additional layers are pro-
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Figure 1: Simplified workflow for web map production by using plotGoogleMaps.
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vided by default in plotGoogleMaps: layer appear-
ance, line width, transparency, and legend colours
display control. Spatial data, with visualization
parameters and utilities, are written in the HTML file
with JavaScript and CSS elements. Thus, in some
languages, plotGoogleMaps with only one function
and with few arguments, may produce many lines of
codes (Figure 2- right bottom window).

The map mushup (Figure 2- right bottom win-
dow) is produced by the R command:

> plotGoogleMaps(meuse filename="myMap.htm”)

The command contains two arguments: the first
is the set of spatial data, named Meuse, containing
155 points, with 12 soil properties in the form of
attributes, while the second is an optional argument,
a file name of the output map mashup. This function
contains many optional arguments. For example, the
description of the function arguments may be pro-
vided by using the “help” function in R, or found on
the package web page [Kilibarda 2010], in the refer-
ence manual. The same web page contains the pack-

age source; the source code is open and available
under the GPL license. Technical details about the
used solutions in the package could be obtained from
the source code.

Generally, the idea of package implementation
is denoted as the automatic production of HTML
map mashups, by using spatial data objects. The R
command used in the previous example produces an
HTML file from the Meuse data. The output map
also contains CSS elements, and JavaScript scripts.
The control of CSS elements is available by using
optional function arguments, in order to set the
dimensions of a map area. Since the optional argu-
ments are not set in this example, then the HTML
file contains default CSS styling settings, with the
map canvas area covering 80% of the Web page,
while the remaining 20% is reserved for the layer
control options. The rest of the produced HTML is
JavaScript that contains Google Maps API and a set
of JavaScript functionalities related to layer control
options. The Meuse data was transformed from
native CRS to WGS 84, and every single point was

R code:
plotGoogleMaps(meuse,filename="myMap.htm')

A

GIS data geometry from R enviroment
becomes Geoogle Maps APl JavaScript
objects. Coordinate Reference System

transformation provides package
automatically.

GoogleMapsapiTutorisl ) Goflle Maps

W
A '\.'

copper : 20
lead : 56
anc : 142
elev:9.811
dist - 0.38581
om:5
fireq:2
sol 1 2

lime - 0
landuse - Ah
distm : 450

Atribute data becomes InfoWindow cbject

« markersmweuse.push (marker)
position: new

mwap:mwap,
title:"meuse NO: 27,
clickable: true,
draggable: false,
flat: true,
visible: true,
zIndex: null }):
¢ markersmeuse.push (marker) :

position: newv

map:map,
title:"meuse NO: 37,
clickable: true,
draggable: false,
flat: true,
visible: true,

zIndex: null )):
+ markersmeuse,push (marker) ;

position: new

map:mwap,
title: "meuse NO: 4",
clickable: true,
draggable: false,
flar: true,
visible: true,
zIndex: null )):
« markersmeuse.push(marker)

var marker = nev google.maps.Marker ({

@oogle.maps.Latlng (S0.9919403000769,5.75835574752104) ,

¢ var marker = new google.maps, Marker ((

@oogle.maps.Latlng (S0.9917451195892,5.76034843330498) ,

« var marker = nev google.maps.Marker ((

google.maps.Latlng (S0.9912625572042,5.76223905769433) ,

© var marker = nev google.maps.Marker ((
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translated to Google Maps Marker object (i.e.
JavaScript object), used in Google Maps API. The
base map is set, by default, to be a Google hybrid
map, where the initial zoom and central points of the
base map depend on the Meuse bounding box. The
attribute data for every single point is converted
separately to google.maps.InfoWindow objects, with
an associated listener function to handle the click
event on the marker.

The next section contains six examples focusing
on different applications of the plotGoogleMaps
package, while the complete code with all data and
the R script is available from the coauthor’s website!.

4. Implementation and
Applications

The functionalities of the package, used for the
production of web maps of thematic and spatial
data, are presented through the following case stud-
ies. The applications illustrated in this paper pertain
to different studies concerning spatial data analysis.
Some of them are related to the visualization of
pedologic and geologic soil survey data, and subse-
quent results obtained through their analysis. One
case study is related to the mapping census data of
Serbia. The applications of plotGoogleMaps in
engineering fields are depicted by flood risk hazard
mapping, and geodetic control network design
mapping. The majority of these case studies are
located in the Republic of Serbia.

4.1 Visualization of Meuse Data Set

The first case study represents Meuse, the
Netherlands data set, which is a training data set
used frequently in a lot of scientific papers and
researches related to geostatistical spatial data
analysis. This data set, collected in the flood plain
of the river Meuse, in the area around Meers and
Maasband (Limburg, the Netherlands)
(N=50°58"16" E=05°44'39"), during a fieldwork in
the year 1990. It contains locations and topsoil
heavy metal concentrations of the 155 observed
locations, together with soil properties and dis-
tances to the river. The Meuse data set is exhaus-
tively depicted by Rikken and Van Rijn [1993], and
Burrough and McDonell [1998].

The spatial prediction of zinc, based on sampled
values from the Meuse data set, was conducted using
the ordinary kriging method [Isaaks and Srivastava
1989]. The results were obtained by using gstat R
package [Pebesma 2004]. The conceptual data

model of zinc variation in the soil is illustrated as a
field [Burrough and McDonell 1998] and the grid
repesenting concentration of zinc in the soil is given
in standard R graphic interface (Figure 3. left). The
same result is visualized by plotGoogleMaps com-
mand, where the obtained grid is overlaid on Google
satellite base map. The obtained result provides a
clear cartographic representation of the modelled
spatial variable, in relation to other spatial content.
The PlotGoogleMaps package provides other addi-
tional functionalities related to grid representations,
such as transparency and map legend with hypso-
metric scale (Figure 3. right).

The map mushup (Figure 2- right) is produced
by the R commands:

pal<-colorRampPalette(c(*“green”, ’orange”,’brown”) space="Lab")
m411<-plotGoogleMaps (meuse_zinc, zcol=1, colPalette=pal(20))

The first command, colorRampPalette, represents
the functions that interpolate a set of given colours, to
create a new colour palette of the output map.

The grid with two attributes, the prediction of
zinc concentration and variance in every grid cell,
is set as the mandatory argument in the
plotGoogleMaps function. The R sp classes provide
the possibility for a single grid/raster to comprise
several different attributes. The second optional
argument denotes which attribute from the spatial
object is being visualized; predicted concentration,
in this case, will be the first grid argument. Finally,
the last argument defines colours for grid represen-
tations, the colour palette containing 20 colours,
from green to orange/brown, which automatically
means that the plotGoogleMaps categorizes grid
data in 20 intervals and uses colours like hypso-
metric tints. The output map mashup is stored in the
R working directory.

4.2 Census Data of Serbia

The interactive web map of Serbian census
population data changed from the year 1991 to
2002 [Statistical Office of the Republic of Serbia
2003], where the blue colour represents population
loss, whereas the brown the growth in population,
created only by the plotGoogleMaps function
(Figure 4). The additional interactive control utili-
ties: layer appearance, transparency line width, and
legend colours display, are on the right side of the
browser window. The attribute data become appar-
ent in a list box, after clicking on the feature of
interest. The colour coding system for map design
in R is supported by RColorBrewer package. It pro-
vides palettes for drawing appealing maps, shaded

Uhttp:/fwww.grf.bg.ac.rs/~bajat/geomatica_script_and_data.zip
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according to a variable. This package was derived ble solutions offered by the plotGoogleMaps func-
from ColorBrewer website [Brewer et al. 2003]. tion. Multivariate mapping depicts more than one
variable in the same view, related in some way. The
4.3 Soil Survey in East Serbia package can produce a single map, which combines

Quantitative point symbols, such as propor- choropleth representatign and Proportional sym-
tional symbols of varying sizes, used to symbolize bols of two related variables. Figure 5 shows the
totals at a point, are available in the results of a detailed survey carried out in order to
plotGoogleMaps. The most frequently used shapes | Produce a soil map intended for detailed design of
are circles, but squares and triangles are also possi- | drainage and irrigation networks, as well as for

ordinary kriging predictions
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Figure 3: The same result plotted in R graphic interface (left) and by plotGoogleMaps (right).
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establishing new vineyards in the Negotin munici- (N=44°48', E=20°24") municipality area (territory
pality, in eastern Serbia close to the Romanian and about eight square kilometers), in which the zones
Bulgarian borders (N 44°12', E 22°28'). The total are marked as alluvial sediments in the fundamen-
area covered by the survey approximates 1272 ha, tal geological map of Belgrade, the capital of
with altitudes between 106 m and 290 m above the Serbia. Afterwards, the analysis of the values of
sea level, meaning that, morphologically, it belongs geomechanical properties, and the statistical elabo-
to a moderate hilly area. The land use predomi- ration of all parameters based on 150 to 300 sam-
nantly consists of croplands and grasslands (mead- ples (grain size, effective particle size, bulk densi-
ows), subdivided into numerous individual lots. ty, water content, plasticity limits, porosity, void
The mapping of soil units was based on field and ratio, saturated density, permeability value, shear
laboratory observations of chemical, physical, bio- strength parameters, compressibility of soil, pene-
logical, and mineralogical properties of horizons, tration resistance, etc.) was done [Radi¢ 2007].
geological properties of parent rock material, and Silty-sandy clay covers almost the whole investi-
geomorphological  features of landscape. gated surface and subsurface areas of New
Delineated soil types polygons are classified Belgrade, with average thickness between 2.5 and

according to the World Reference Base (WRB) for 5.0 m in depth, and in some instances up to 7.0 m.
Soil Resources [FAO 2006]. In Figure 3, soil type The function segmentGoogleMaps can produce a

polygons, depicted with different colours, are over- map like the one presented in Figure 6.

laid with proportional symbols presenting the con- Presenting the results in this manner has multi-

centration of humus (soil organic matter) within ple advantages over the conventional use of the

each polygon (Figure 5). Layers might be active at existing geotechnical documentation, at various

the same time, or just one may be on. stages of planning and construction design. Instead
of scrolling through extensive existing text docu-

4.4 Geological Survey in the ments, an expert’s job comes down to the unified

and visually presented results of the conducted
measurements. Based on the visual presentation of
Cartograms, like pie chart maps, are not yet quantitative and qualitative data, it is now easier to

Municipality of New Belgrade

available in the package plotGoogleMaps. Figure 6 make evaluations of the general characteristics of a
shows one part of the results obtained by compre- terrain, for the planning, designing, and construct-
hensive geological survey in New Belgrade’s ing purposes.
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It is also easy to evaluate the number of neces-
sary surveys and proper selection of samples, for
further geological exploration of an area.
Moreover, new data collected from field and labo-
ratory tests can be easily added to the existing
measurements and thus be easy to update.

4.5 Flood Mapping in West Serbia

In addition to mapping the results obtained by
various spatial analyses, plotGoogleMaps can be
used as a tool for gathering the necessary informa-
tion for the subsequent spatial data processing. For
the purposes of the assessment of population vulner-
ability to a one-hundred-year flood in the valley of
the Lim River in Prijepolje, western Serbia
(N=43°23" E=19°38"), plotGoogleMaps was used to
identify the population density classes, necessary for
the dasymetric population distribution modelling
[Mennis 2003; Kruni¢ et al. 2011].

The polygon representing the one-hundred-year
flood was generated using the HEC-RAS software
[Dyhouse et al. 2003; HEC 2008], for the 1D
hydraulic modelling. The HEC-RAS model is the
successor of HEC-2 program, that has been used for
the last 30 years in the USA and in the whole world,
as one of the standard programs for hydraulic calcu-
lations. The Input Digital Terrain Model was provid-
ed as the sub-product throughout CARDS PROJECT
“Digital Orthophoto Production in the Republic of

Serbia" Project, [RGZ 2011] with 5 m grid size and
an average height accuracy of + 40 cm for urban
areas. The enhanced accuracy (+ 10 cm) of DTM,
covering the DTM city zone of Prijepolje, was
obtained directly from a photogrammetric stereo
model. The obtained DTM accuracy completely ful-
fills proposed standards for flood risk mapping
[National Research Council 2009]. Supplementary
river bed cross-section geometric data were provided
throughout the bathymetric survey. In order to recog-
nize a hazard prone area, flood polygon was mapped
over the polygons of census designated places. CDPs
Zalug and Prijepolje, with the total of 1047 and
15031 inhabitants respectively, were identified as
vulnerable areas. Through the application of
plotGoogleMaps, the one-hundred-year flood poly-
gon overlayed over land covered classes (CLC)
[CORINE 2000], and indicating artificial areas (con-
tinous and disconinous urban fabric, roads network,
etc), was exported on the GoogleMaps (Figure 7).
After the inspection of the covered area of the
GoogleMaps satellite image, three different classes
of population density (low, middle and high), as well
as uninhabited polygons were identified in order to
modify the inhabited polygons. The proportions of
5%, 15% and 80% were assigned, respectively to
each class of inhabited polygons to calculate the
average population density within each polygon. The
percentage of participation is certainly determined on
a case-by-case basis, depending on the analyst’s arbi-

Grain size
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Figure 6: Google Map based on satellite imagery, with grain size diagrams (pie chart maps) of geological sampling, pro-
duced by plotGoogleMaps.
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tration. The CLC polygons, modified in this way,
were subsequently used for the disaggregation of
the population census data by the Three-Class
Dasymetric Method [Eicher and Brewer 2001], in
order to generate reliable population distribution
over the engaged area. The total count of the vul-
nerable population was estimated by simply over-
laying the one-hundred-year flood polygon over the
population density polygons (PDP), within the
ArcGIS software environment. New vulnerable
density population polygons obtained as the result
of the intersection of initial PDPs and flood poly-
gon were generated. The number of inhabitants
within these polygons is a product of their popula-
tion density and the covered area. In this case, the
sum of all polygons produces 1441 people.

4.6 Geodetic Control Network
Design Mapping

The implementation of plotGoogleMaps could
be of particular inertest to the geodetic control net-
work’s design process. The geodetic control net-
work design involves identification of appropriate
network geometry (spatial arrangement of stations)
and a plan of network observations (the number,
arrangement, and the precision of observations). In
the conventional geodetic network design, topo-
graphic maps or aerial photos are often used for the
determination of the possible station positions.

hten W
cf o

bt A 27 4

The experimental site located in Belgrade, 9
km from the city center to the South, was chosen to
show a possible application of the plotGoogleMaps
package in the geodetic network design. The net-
work design was simulated for the purpose of the
drifting and building of the StraZevica tunnel. This
tunnel is 745 meters long, and represents a part of
the projected Belgrade’s outer beltway. The
designed control network provides an outer geodet-
ic framework for the tunnel digging and settling
out. The latitude and longitude of the simulated net-
work are approximately N=44°43.3', E =20°27.0".

The completed observational plan, together with
all possible combinations of distance and direction
observations, was exported to the HTML file by
using plotGoogleMaps. Final observational plan is
the input for the least squares adjustment process in
the control network design (package presently being
developed in R language environment by the authors
of this study). A stochastic model, necessary for the
creation of weighted matrix of observations, was
built in R by defining the measurement equipment
accuracy standards for the directions and distances.

R functionalities enable the transformation of
the design input coordinates and measurements
simulation, derived from Google Maps (WGS84
CRS) to the national CRS or any other predefined
coordinate system (local system of building site). It
is possible to transform geometry to the desired
CRS specified by PROJ4 notation.
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Figure 7: The one hundred year flood polygon intersected with polygons depicting three density population classes
(HTML GoogleMaps view).
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The least square adjustment computation
[Ghilani and Wolf 2006] has been applied to the final
observational plan with the equipment specification.
Quality measures for the points and measurements
have been derived from the adjustment computation:

e Coordinate standard deviation and error ellipse
geometry parameters were computed for the
unfixed points in the network;

e Internal reliability and marginally detected
errors were computed for measurements.

Numerical quality assessment for the points
has been incorporated into the point coordinates,
and then converted to SpatialPointsDataFrame, sp
class in R. This class contains four slots, i.e. data
containers that fully determine the data in a spatial
manner. Projectdstring slot defines CRS, bbox—
boundary box, cords—all coordinates of points,
cords.nrs—records the column positions in the data
file, that the coordinates were taken from (as a pre-
caution when a spatial class is derived from a data
frame, since the data frame is the most popular data
format in R). In this case, the points’ attributes, the
numerical quality assessment of the points, are
stored in the remaining SpatialPointsDataFrame
slot named data. SpatialPointsDataFrame could be
exported to many GIS file formats, by using R pack-
age rgdal. Spatial class, SpatialLinesDataFrame
and SpatialPolygonsDataFrame, also used in this
project, have similar properties.

Observations with quality parameters are adapt-
ed to the SpatialLinesDataFrame. Error ellipses
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given in a desired scale, with other quality point
measures, were created as attributes by a function
developed in the R language [Kilibarda and Pejovi¢
2011] as the SpatialPolygonsDataFrame class. Thus,
all the results of the adjustment may be converted to
many GIS formats in the desired CRS. Besides the
visualization of the geometry, numerical results of
the adjustment were stored in HTML. Numerical
results are available by simple clicking on the points,
ellipses and lines in Google Maps.

The geodetic network geometry with some
additional functionality, like hyper-linking image
of geodetic benchmark pillar, is depicted in Figure 8.

The package that is currently under develop-
ment in the R language environment, which is going
to be dedicated to the adjustment of geodetic control
networks, will use plotGoogleMaps as integrated
module for graphic outputs.

5. Discussion and
Conclusions

The plotGoogleMaps is a free and open source
software solution for the simple creation of rich inter-
active web maps. In this case, plotGoogleMaps uses the
web browser as a plotting device instead of the default R
graphic device. Therefore, it offers more advantages
compared to classical R plotting device environment, i.e.
high quality of background Google layers which make
better abstractions of geographical reality, spatial data
exploration functionality, and map interactivity (naviga-
tion control, pan, zoom, attribute info windows, etc).
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Figure 8: Results of the network adjustment in Google Maps, produced by plotGoogleMaps package.
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This package promotes the creation of interac-
tive maps in user friendly environments where a
map is stored in the HTML format. Map sharing
with non GIS map users is easier, it is not necessary
to use the GIS software and only a web browser is
needed, while the map remains interactive, and
simpler than professional software. Also, R users
can use this package instead of standard plot func-
tions, because it provides a faster preview of the
mapped data in relation to geographic reality pro-
vided by Google Maps.

Google Maps API is not suitable for storing
large amounts of data and consequently
plotGoogleMaps has the same constraint. One of
the possible alternative solutions might be the com-
bination of server side software (e.g. Geoserver)
and client side software (e.g. Openlayers).

The future improvements of the package will
include cartographic techniques for the visualiza-
tion of quantitative data. The proportional symbols
technique has already been developed in the pack-
age. Chart maps, bar and pie charts, over features
which symbolize multiple attributes have not been
implemented yet, except for the pie charts provided
by segmentGoogleMaps command. All these fea-
tures and other methods for achieving specific the-
matic mapping tasks have to be embedded in the
new version of the plotGoogleMaps package.
Another challenge will be developing a spatio-tem-
poral representation, which is important for the
dynamic GIS modelling.
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