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Abstract. This paper proposes an architecture for a software component that allow us to
display data from an xlsx document in a geospatial context. In order to spatial data
manipulation and visualization, it was used specialized libraries as Geopandas and Matplotlib
in a user defined Python script. The software component is plugged to Excel application as an
Add-in, in this case it can be used in any document is necessary. To emphasize the utility of
this component in the end of this paper is presented a case study for displaying the share of
urban population for each Romanian county on a map.
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1. Introduction

It is well known that many organizations have a lot of data stored in xIsx documents and process
them using Excel computation techniques. A large number of users even non-IT specialists
uses these techniques. Besides this, in Excel, data can be presented in various graphical forms
using the chart control but, in many cases, data reflects spatial phenomena and it is very useful
to display them in geospatial context using maps [10]. There are map controls that use
geographical data from online platforms such as Bing Maps or ArcGIS online and can be
incorporated in Excel spreadsheets. The control we designed and implemented combines
spatial data created with GIS tools [7, 8] and stored in an independent format (Shape File —
shp) with the non-spatial data stored in spreadsheets. This manner of working with spatial data
in Excel offers at least two advantages: the users can use more accurate spatial data and doesn’t
require an Internet connection.

2. Development of software applications based on MSOffice

There are many ways to develop applications based on Office: create an independent
application that uses Office applications in background, build a software component plugged
to an Office application as Add-in as well as use code behind document technique to attach
code to process data from a specific document. In order to communicate with Office
application and using specific entities from Office documents we used Visual Studio Tools for
Office (VSTO) framework [1].

The existing controls are available in Excel as Add-in components:
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e Microsoft Power Map for Excel [11] is built as an extension that has to be enabled before
use it and allow us to work with maps in 3D form | mean as globe. In the Insert ribbon is
3DMap button by clicking the user can start to work with the component. The map
visualization window is shown in the figure 1. Excel sheets have to contain spatial
references as coordinates (latitude / longitude), countries, cities, regions; postal addresses
and so on in order to be represented on Bing Maps and other parameters in relation with
spatial data can be displayed in various forms on the map.
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Figure 1. Microsoft Power Map for Excel

e ArcGIS Maps for Office [3] is developed by ESRI and provides support for Excel and
PowerPoint applications. This component works with spatial data form ArcGIS Online and
the spreadsheets have to contain spatial references and other data for displaying on map,
organized in tables. For instance, in the figure 2 is presented a map that shown the total
population on the Romanian counties using a graduated colors symbology. As spatial
references we used the counties names. The user can use his own content as Web GIS

application [9] from ArcGIS online to be viewed in the control and he can interact with it.
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Figure 2. ArcGIS Maps for Office
The Create slide button generates a new slide in PowerPoint with the image of the map.
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3. Design an Excel plugin for geospatial visualization

The control we designed and implemented combines and integrates [2] different software
technologies. The Add-in for Excel was developed in C# using VSTO framework [1]. Spatial
data manipulation and visualization was implemented in Python with the help of specialized
libraries [5,6]. A Dynamic Link Library (DLL) that contains exportable C functions makes the
link between the Add-in and the Python script using the Python/C Application Programming
Interface (API) [12]. By using PInvoke (Platform Invocation Services) mechanism [4], the
unmanaged code from the DLL was called from the managed code Add-in component. Figure
3 presents the architecture of the application.

Python / C
Excel VSTO Add-in Plnvoke DLL APl I’ython

> —p C functions ‘+—— Script

Figure 3. The Architecture of the software module

In Excel the interface of this Add-in resides in the Geo_vizualizare ribbon, which contains the

GIS group and the Afisare_Harta button as in figure 4.
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Figure 4. The Ribbon tab of the Add-in

Before displaying the map in the sheet, the user has to select data and configure the
visualization. Figure 5 shows the form that allows to the user to set up all visualization
parameters necessary for obtaining the desired result. Data selection is for non-spatial data from
sheet and for spatial data from external source. It is important to establish an attribute from the
shp file and a range from sheet to realize the matching between spatial data and non-spatial
ones. Taking into consideration the map display configuration, the user can mark the cell in
sheet that locate top-left corner of the image, choose whether to display axes or not, select
labels on spatial data and choose the symbology (graduated colors for a continuous value
domain or discrete colors for discrete values).
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Figure 5. The Form for user interface

The functionality of the software component is the following: data collected from the sheet is
prepared and sent to the Python script to generate the map as image in png format, then it is
displayed in the sheet. The main Python function that generates the image is viz_harta:

import pandas as pd

import geopandas as gp

import matplotlib.pyplot as plt
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def viz_harta(lvidx, Ival, shp, dsidx, tips, ax_dn, et_dn, tharta):
shp_df = gp.read_file(shp)
date_df = pd.DataFrame(index=Ividx)
date_dff"info"] = Ival
date_df.index.name = "t_index"
c_shp = dsidx
c_date = date_df.index.name
nshp = pd.merge(shp_df, date_df, left_on=c_shp, right_on=c_date)
h=6
w = scalare(nshp.bounds, h)
fig = plt.figure(figsize=(w, h))
f1 = fig.add_subplot(1, 1, 1)
if tips == 1:
nshp.plot(column = "info", cmap="Reds", edgecolor="black", linewidth=0.5, ax=f1, legend=True)
else:
nshp.plot(column="info",cmap="Set3",categorical=True,edgecolor="black" linewidth=0.5,ax=f1,legend=True)
if ax_dn ==0:
f1.axis('off')
if tharta !="":
f1.set_title(tharta)
if et dn==1:
cg = nshp['geometry’]
caf = nshp[dsidx]
nrel = len(cg)
for i in range(nrel):
coid = cg[i].centroid
f1.text(coid.x, coid.y, caffi], horizontalalignment='center', verticalalignment="center')
num_fis_img = "map_date.png"
Iss = shp.split(\\')
Iss[len(Iss) - 1] = num_fis_img
cale_fimg=""
forsinlss:
cale_fimg +=s + ("\\" if sl= num_fis_img else ")
plt.savefig(cale_fimg)
The code sequence that displays the image of the map in the sheet is:
Excel.Worksheet wsh = f1eapl.ActiveSheet;
Excel.Range rng_ss_imag = wsh.get_Range(tb_img.Text);
wsh.Shapes.AddPicture(cale_img, Microsoft.Office.Core.MsoTriState.msoFalse,
Microsoft.Office.Core.MsoTriState.msoCTrue, rng_ss_imag.Left, rng_ss_imag.Top, -1, -1);
where fleapl is the Excel application object and tb_img.Text indicates the cell that marks the
position of the image in the sheet.

4. Case study: Romanian population at county level by origin

Per county data is stored in an Excel spreadsheet (figure 6) using the following structure:

e county code;

e population living in cities (over 100000 inhabitants);

e population living in towns;

e population living in rural areas.

The goal of the case study is to represent on a map the share of the urban population in the total
population at the level of each county using a gradual color symbology.
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Using Excel for data storage and manipulation has the advantage compared to traditional GIS
tools of allowing non-specialist users to access, transform and present the information using
the instruments they're already familiar with.

In this context, the urban population (Pop urban) was calculated at the level of each county, as
the sum of population in cities and the population in towns and the result was stored in a distinct
column. The total population (Total Pop) of the county was calculated by adding the urban
population to the rural population. Finally, the share of urban population (Pondere) in the total
population for each county was calculated as:
Popurban,

Total Pop,

(Romania has 41 counties and a city with special status - Bucharest.

After the calculation of the indicators, the spatial mapping of the weights was carried out using
the presented Excel Add-In and a graduated color symbology (highly urbanized areas are using
darker red tones and more rural areas are using lighter reds). The visualization reflects two
aspects. The first, which are the most urbanized counties, could be graphically expressed
through a histogram. On the other hand, the localization on the territory of Romania and the
geographical relationship between them is impossible to convey using standard Excel charts.
The resulted map has been integrated into the Excel spreadsheet as an image (figure 6). There
it can be resized, moved, deleted, or stored with the document in the xIsx file.

Pondere = ., wherei=142

Insert  Pagelayout  Formelas  Data

8 c ) 3 3 G H ! s 3 L M N o [2 a R s T u
1
2 CodJudet Poporase m porase Pop rura p urb: Total Pop  Pondere
3 ab 0 185288 197459 185288 382747 48.41004632
4 ag 168458 127983 356184 296441 65, 42286918
5 ar 172287 21443 267521 193730 461251  42.00099295 100
6 b 1926334 [ 0 1926334 1926334 100 Populatia Romaniei
7 175500 145821 385302 321321 706623  45.4727627 Ponderea populatiei urbane
8 bh 206614 67100 326532 273714 600246  45.60030388 %0
9 ba 0 112019 198738 112919 311657 36.23181895
10 b 216292 11383 145499 227675 373174  61.01041337
1w O 157839 204995 157839 452834 34.85581913 790000 80
12 v 284596 131077 173355 415673 589028 70.5693108
13 bz o 184686 311528 184686 496214 37.21902244
14 G 317953 145230 239572 463183 702755 65.90959865 600000 2
15 d o sz 227365 97252 324617 29.95899783
16 o5 [ 167762 164457 167762 332219  50.49741285 60
17 a 310471 156250 23529 466721 702017 6648286295
18 ov o 93400 129049 93400 222449 41.98715211 500000
19 do 0 151902 389861 151902 541763 28.03845962 50
20 4 302601 s7743 373887 360144 734231 49.07774256
2 g 0 142738 204574 142734 367308 36.85284063 400000
2.y 208851 42094 278601 30955 619556  55.03215206 40
23 g 0 81097 26812 81047 207859 27.20085433
24 nd 0 357688 128024 357688 485712 73.64199361
25 he 0 114875 211347 114875 326222 35.21375015 300000 £
2% it 0 3055 269558 30565 300123 10.18415783
27 @ o 115560 181012 115560 296572 38.96524284
2 is 320888 66898 429124 387786 816910 47.46985592 20
55 enh T R R e 100000 200000 300000 400000 500000 600000 700000 800000 900000
30 mm 0 263073 247037 263073 510110 5157181784
3N ms 150041 124195 306615 274236 580851 47.2127964
2 m 0 194678 359835 194678 SS4513  35.10792353
33 ot 0 180195 309079 180195 489274  36.82905693
34 ph 232527 165697 a1 398224 829945  47.98197471
35 3 232527 95055 170877 328482 499359 657807309
e 0 29 157716 90299 248015 3640868496
37 sm ) 152013 215086 152013 367099 4140926562
38 0 215303 am1m 215303 688435 31274267 1
39 o 112537 143955 112537 256492  43.87544251
40 tm 317660 68686 270172 386346 656518  58.84773913
41 0 160093 295932 140093 436025 32.12957973
a2 0 128524 284723 128524 413247 31.10101223
43 0 1m1216 256416 131216 387632 33.85066248
4w 0 169147 285902 169147 455049 37.17116179
45
46
47

Sheet1

Figure 6. Share of urban population by county

The visualization allows us to draw the following conclusions:

e The city of Bucharest, being the largest city in the country, is an extreme case because it
has a 100% urban population.

e A large percentage of the urban population, about 73%, is found in Hunedoara County,
although the county has no big cities, but it has many cities around the small mining towns
such as Lupeni, Petrila, Vulcan, Aninoasa, Calan, Uricani, Petrosani etc.
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- Most of the counties with a share of the urban population (over 60%) are concentrated in
the Ardeal province (Brasov, Sibiu, Cluj, Timis), while the rest of the country contains
mostly rural counties with the notable exceptions of Constanta and Braila counties.

5. Conclusions

Software development technologies allow us to extend the functionality of the software
packages build using extensible frameworks. In this way the applications can be extended to
satisfy a larger range of use cases make users more productive. The component presented in
this paper can be improved in different ways to ensure a complete functionality concerning
map creation and visualization.
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