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Report of the visit 

 

Data ŵiŶiŶg is aŶ uďiƋuitous theŵe that is pƌeseŶt iŶ ŵaŶǇ fields of sĐieŶĐe: suƌelǇ iŶ patteƌŶ ƌeĐogŶitioŶ, 
ĐlassifiĐatioŶ of iŵages, deteĐtiŶg ĐoŵŵuŶities iŶ Ŷetǁoƌks, aŶd eǀeŶ deĐisioŶ tƌees aŶd Ŷeuƌal Ŷetǁoƌks. 

Dƌ WezǇk at aŶd UŶiǀeƌsitǇ of KƌaĐoǁ, is aĐtuallǇ eŶgaged iŶ a ĐhalleŶge lauŶĐhed ďǇ the EuƌopeaŶ 
CoŵŵissioŶ oŶ the ŵappiŶg of high ƌesolutioŶ satellite data aŶd Lidaƌ data. Foƌ ͞Big Data͟ a ĐoŶĐeptual 
appƌoaĐh ŵust ďe pƌoǀeŶ to haǀe a pƌaĐtiĐal iŵpaĐt. A tǇpiĐal ŵodeƌŶ  aŶd uƌgeŶt topiĐ is the pƌoďleŵs 
eŶĐouŶteƌed usiŶg ͞Big Dataset͟ , iŶ this paƌtiĐulaƌ Đase the ;AeƌialͿ Laseƌ deƌiǀed set of all ďuildiŶgs iŶ the 
ĐitǇ fƌoŵ ǀeƌǇ laƌge poiŶt data sets ;ϭϮ poiŶts peƌ sƋuaƌe ŵeteƌ oŶ ŵoƌe thaŶ ϯϬϬ kŵϮͿ. This ƌeƋuiƌes to 
aŶalǇse ŵillioŶs of iŵage oďjeĐts aŶd theiƌ topologiĐal ƌelatioŶships iŶ oƌdeƌ to Đƌeate a Đoŵputeƌ 
geŶeƌated ŵap. OŶe eǆaŵple ĐaŶ ďe giǀeŶ as a use Đase iŶ the ŵappiŶg of  uƌďaŶ aƌeas ;iŶ aĐĐoƌdaŶĐe ǁith 
͞MappiŶg guide foƌ a EuƌopeaŶ UƌďaŶ Atlas ,͟ EU CoŵŵissioŶͿ.  The task ƌeƋuiƌes ŵaŶǇ leǀels of kŶoǁledge: 
oŶ the speĐifiĐ topiĐs, oŶ the ŵaŶageŵeŶt of iŵages fƌoŵ satellites, aŶd, last ďut Ŷot least, oŶ the 
tƌaŶsfoƌŵatioŶ of ƌaǁ iŵages iŶto sigŶifiĐaŶt kŶoǁledge, to ďe used foƌ fuƌtheƌ puƌposes ;WezǇk et al 
ϮϬϬϴͿ. 

 



 

Fig. ϭ. The diffiĐultǇ of patteƌŶ ƌeĐogŶitioŶ 

  

The ĐonĐeptual ĐhoiĐe: 

IŶ oƌdeƌ to ŵake Đleaƌ the diffiĐultǇ of the gƌoupiŶg oďjeĐt, let us eǆplaiŶ the  figuƌe heƌe ďeloǁ: fƌoŵ aŶ 
iŶitial iŵages, the ĐoŶtouƌs aƌe at fiƌst ideŶtifǇiŶg the zoŶes ǁith the saŵe Đoloƌs, iŶ aĐĐoƌd to a shaƌp 
ĐhaŶge of the Đoloƌ gƌadieŶt. Hoǁeǀeƌ, the passage fƌoŵ Fig. ϭ;ďͿ to Fig ϭ;dͿ is all ďut tƌiǀial foƌ autoŵatiĐ 
Đoŵputeƌ deteĐtioŶ. The ĐoŶĐept of dealiŶg ǁith Đoŵputeƌ ǀisioŶ is iŶ eǆteŶso desigŶed ďǇ Maƌƌ ;Maƌƌ, 
ϭϵϴϮͿ. EsseŶtiallǇ it is the pƌiŵal sketĐh iŶ ǁhiĐh gƌoupiŶg of ǀaƌious ƌegioŶs iŶside the iŵage ďeĐoŵes 
ĐƌuĐial. A ĐoŵŵoŶ aŶd tƌiǀial pƌoĐeduƌe foƌ huŵaŶ ǀisioŶ ďut Đoŵpleǆ foƌ Đoŵputeƌ ǀisioŶ. 

OŶ the issue of the pƌoduĐtioŶ of ŵaps, the  DefiŶieŶs/eCogŶitioŶ OBIA ;OďjeĐt ďased  Iŵage AŶalǇsisͿ oŶ 
the iŵages takeŶ ďǇ the satellite alƌeadǇ pƌoduĐes aŶ ideŶtifiĐatioŶ of the ĐoŶtouƌs of ďuildiŶgs, 
distiŶguishiŶg theŵ fƌoŵ all the ƌest. IŶ tuƌŶ, the ďuildiŶgs aƌe diǀided aĐĐoƌd to theiƌ size: sŵall, ŵediuŵ, 
laƌge ;Fig. ϯͿ. Beside this ĐlassifiĐatioŶ, that ŵaǇ alƌeadǇ ƌaise issues1, ǁe foĐused oŶ the pƌoďleŵ of the 
gƌoupiŶg of ďuildiŶgs iŶ aĐĐoƌd to theiƌ geogƌaphiĐal ;EuĐlideaŶͿ distaŶĐe, ďeĐause also the eǆpeƌts aƌe Ŷot 
alǁaǇs agƌeeiŶg iŶ the ďeloŶgiŶg of a ďuildiŶg to a speĐifiĐ gƌoup.  

IŶ this peƌspeĐtiǀe, the appliĐatioŶ of ŵethods alƌeadǇ used iŶ Đoŵpleǆ Ŷetǁoƌks ďeĐoŵes iŶteƌestiŶg.  

IŶ faĐt, aĐtuallǇ, the pƌoďleŵ of deteĐtioŶ of ĐoŵŵuŶities iŶ Ŷetǁoƌks is a pƌoďleŵ of ĐlassifiĐatioŶ, so the 
                                                           

1 

 The thƌesholds foƌ the defiŶitioŶ of eaĐh size haǀe to ďe defiŶed; ďuildiŶgs that aƌe ǀeƌǇ Đlose Đould ďe 
ideŶtified as ďeiŶg oŶe ďuildiŶg, so the iŵage fƌoŵ the satellite has to ďe iŶtegƌated ǁith iŶfoƌŵatioŶ dƌaǁŶ fƌoŵ the 
ŵuŶiĐipalities oŶ the aĐtual diǀisioŶ of aƌeas. Hoǁeǀeƌ, ƋuestioŶs like the ďest path foƌ ŵakiŶg a Ŷeǁ ƌoad, oƌ posiŶg 
Ŷeǁ paths foƌ iŶfƌastƌuĐtuƌe oƌ ƌisk aŶalǇsis, ŵost Ŷeed to kŶoǁ the ďest gƌoupiŶg of ďuildiŶgs, ƌatheƌ thaŶ theiƌ 
oǁŶeƌship 

 



ŵethods oƌigiŶallǇ thought foƌ soĐial Ŷetǁoƌks ĐaŶ ďe eǆpaŶded to fuƌtheƌ ĐlassifiĐatioŶ pƌoďleŵs, as sooŶ 
as the oďjeĐt uŶdeƌ eǆaŵiŶatioŶ ĐaŶ ďe ƌepƌeseŶted thƌough a Ŷetǁoƌk. This is the Đase ǁith the pƌoďleŵ 
of the ďest gƌoupiŶg of ďuildiŶg iŶ iŵages takeŶ fƌoŵ the satellite, ĐoŵďiŶiŶg DefiŶieŶs/eCogŶitioŶ ǁith 
ŵethods foƌ ĐoŵŵuŶitǇ deteĐtioŶ that haǀe alƌeadǇ ďeeŶ eǆpeƌieŶĐed iŶ Coŵpleǆ Ŷetǁoƌks. 

 

Let us eǆplaiŶ iŶ ŵoƌe details the folloǁiŶg pƌoďleŵ. CoŶsideƌ the piĐtuƌe heƌe ďeloǁ, ǁith ϰϬ% filliŶg of 
ďlaĐk Đells. This is a staŶdaƌd adǀiĐe iŶ the EU MaŶuals aŶd has ďeeŶ so foƌ the past ϮϬ Ǉeaƌs. EaĐh ďlaĐk Đell 
ĐoƌƌespoŶds to a ďuildiŶg.  

 

Fig. Ϯ. Eǆaŵple fƌoŵ [ϭ], page ϴ. Left side: the iŵage. Right side: eǆteŶdiŶg the fƌaŵe ǁith Ϯ*Ϯ ŵakes a ϭϬ% 
deŶsitǇ. 

DefiŶieŶs/eCogŶitioŶ is aďle to ƌeĐogŶize eaĐh of the ƌeĐtaŶgles as a ďuildiŶg, that ďeloŶgs to oŶe of the 
Đlasses: sŵall, ŵediuŵ, laƌge. The ďasiĐ ĐlassifiĐatioŶ pƌoďleŵ alƌeadǇ solǀed is the tƌiǀial oŶe of ďuildiŶg 
Đlass laƌge ŵediuŵ aŶd sŵall. The Fig Ϯ eǆplaiŶs the ǁeakŶess of the ĐoŶĐept of deŶsitǇ. With aŶ eǆteŶsioŶ 
of the fƌaŵe, the deŶsitǇ dƌops fƌoŵ ϰϬ% to ϭϬ% ǁithout aŶǇ ĐhaŶge iŶ the stƌuĐtuƌal eleŵeŶts. To ďase a 
gƌoupiŶg oŶlǇ oŶ the ĐhaƌaĐteƌistiĐs of the stƌuĐtuƌal eleŵeŶts a Ŷeǁ ĐoŶĐeptual appƌoaĐh is desigŶed. 

IŶ oƌdeƌ to pƌoĐeed ǁith the ĐoŶstƌuĐtioŶ of a Ŷetǁoƌk, ǁe eŶuŵeƌate the ďuildiŶgs: 

The fiƌst ϱ uŶits aƌe the laƌge ďlue ďuildiŶgs ;Ŷodes ϭ to ϱ iŶ the Ŷetǁoƌk, staƌtiŶg fƌoŵ the topͿ; theŶ the 
ŵediuŵ ƌed oŶes ;Ŷodes fƌoŵ ϲ to ϭϬ iŶ the ŶetǁoƌkͿ, aŶd theŶ the otheƌ ϰϱ sŵall Ǉelloǁ ;Fig. ϯͿ. 

 



 

Fig. ϯ. Eǆaŵple fƌoŵ [ϭ], page ϴ. Left side: the iŵage. Right side: the gƌoupiŶg iŶto laƌge ;ďlueͿ, ŵediuŵ 
;ƌedͿ aŶd sŵall ;ǇelloǁͿ ďuildiŶgs. 

 

 

Fig. ϰ: the eŶuŵeƌatioŶ of ďuildiŶgs foƌ theiƌ ideŶtifiĐatioŶ as Ŷetǁoƌk Ŷodes. 

 

As sooŶ as the Ŷodes haǀe ďeeŶ defiŶed, the liŶks ;uŶdiƌeĐtedͿ ǁeƌe ďuilt assigŶiŶg the EuĐlideaŶ distaŶĐe 
aŵoŶg the ĐeŶteƌ of ŵass of the ďuildiŶgs ;the ǁhite dot iŶ the ĐeŶteƌ of eaĐh ďlaĐk ďloĐks iŶ Fig. ϯͿ. “uĐh 
liŶks ǁeƌe pƌuŶed, so that oŶlǇ the liŶks ďeloǁ a ŵaǆiŵuŵ distaŶĐe ǁeƌe kept. 

Afteƌ the ĐoŶstƌuĐtioŶ of the Ŷetǁoƌk, the algoƌithŵ of BloŶdel et al. ǁas ƌuŶ oŶ this eǆaŵple. 

KeepiŶg ϮϬ% of the ǁeights iŶ aĐĐoƌd to the EuĐlideaŶ distaŶĐe ;MATLAB ĐoŵŵaŶds: 
>>[a,ď,Đ]=Đlusteƌ_jl;gƌafo;Ϭ.ϭ,Ϭ.ϮͿ,ϭ,ϭ,Ϭ,ϬͿ;listaĐoŵuŶita;ĐͿͿ ǁe get the folloǁiŶg ĐoŵŵuŶities: 



CoŵŵuŶitǇ  ϭ :   ϯ,  ϰ,  ϱ, ϭϬ, Ϯϴ, ϯϯ, ϯϰ, ϯϱ, ϯϲ, ϯϳ, ϰϬ, ϰϭ, ϰϴ, ϰϵ, ϱϬ, ϱϭ, ϱϮ, ϱϯ, ϱϰ, 

CoŵŵuŶitǇ  Ϯ :   ϲ,  ϳ,  ϴ,  ϵ, ϭϭ, ϭϮ, ϭϯ, ϭϰ, ϭϱ, ϭϲ, ϭϳ, ϭϴ, ϭϵ, ϮϬ, Ϯϭ, ϮϮ, Ϯϰ, 

CoŵŵuŶitǇ ϯ :  Ϯϯ, Ϯϱ, Ϯϲ, Ϯϳ, Ϯϵ, ϯϬ, ϯϭ, ϯϮ, ϯϴ, ϯϵ, ϰϮ, ϰϯ, ϰϰ, ϰϱ, ϰϲ, ϰϳ, 

CoŵŵuŶitǇ ϰ :   ϭ,  Ϯ, 

CoŵŵuŶitǇ ϱ :  ϱϱ. 

 

Fig. ϱ: the gƌoupiŶg of ďuildiŶgs: ďlue, ƌed, ďlaĐk, oƌaŶge, aŶd gƌeeŶ. 

 

Of Đouƌse, ŵiǆtuƌe of ǁeights ĐaŶ ďe eŶǀisaged, aŶd theǇ aƌe goiŶg to giǀe ƌaise to diffeƌeŶt ĐoŵŵuŶities, iŶ 
the saŵe ǁaǇ iŶ ǁhiĐh diffeƌeŶt ĐoŵŵuŶities aƌe eǀideŶĐed ǁheŶ the thƌesholds aƌe ĐhaŶged.  

We ŵade seǀeƌal tests, ďut ǁe aƌe shoǁiŶg this paƌtiĐulaƌ oŶe iŶ the ƌepoƌt, ďeĐause the diffeƌeŶĐe aŵoŶg 
the oƌaŶge aŶd the gƌeeŶ paƌt ǁas Ŷot iŵŵediatelǇ ǀisiďle/tƌiǀial at oŶĐe; oƌ, at least, it did Ŷot eŵeƌge 
fƌoŵ otheƌ aŶalǇses of the iŵage. AĐtuallǇ, this paƌtitioŶ is Ƌuite iŶteƌestiŶg ďeĐause the aligŶŵeŶt Ϯϳ-ϯϮ-

ϰϲ-ϰϳ ĐoƌƌespoŶds to a poteŶtial ƌoad Đoƌƌidoƌ, aŶd it the ǀisual iŶspeĐtioŶ Đould Ŷot haǀe deteĐted it. 



 

 

 

 

 

We ŵade fuƌtheƌ tests. We ƌepoƌt the test oŶ the figuƌe ǁheƌe the oĐĐupaŶĐǇ of the aƌeas is at ϭϬ%: 

 

 

Fig. ϱ: oĐĐupaŶĐǇ of the aƌeas at ϭϬ% 

 

AgaiŶ, ǁe eŶuŵeƌate the Đells aŶd ǁe fiǆ ĐooƌdiŶates. RuŶŶiŶg the pƌogƌaŵ 

ǁe get: 

 

CoŵŵuŶitǇ  ϭ :   ϭ,  Ϯ,  ϯ,  ϰ,  ϱ,  ϵ, ϭϬ, ϭϭ, 

CoŵŵuŶitǇ Ϯ :  ϭϳ, ϭϴ, ϭϵ, Ϯϭ, ϮϮ, Ϯϯ, Ϯϰ, 



CoŵŵuŶitǇ ϯ :  ϭϮ, ϭϯ, ϭϱ, ϭϲ, 

CoŵŵuŶitǇ ϰ :   ϲ,  ϳ,  ϴ, 

CoŵŵuŶitǇ ϱ :  ϭϰ, ϮϬ, 

CoŵŵuŶitǇ ϲ :  Ϯϱ 

 

Fig. ϲ: deteĐtioŶ of ĐoŵŵuŶities iŶ the aƌea filled at ϭϬ% 

 

 

The ƌesult eǀideŶĐe the dis-aligŶŵeŶt of the Ŷode Ϯϱ ǁith ƌespeĐt to the Ŷodes ϭϳ, ϭϴ, ϭϵ, aŶd Ϯϰ. 
IŶ uƌďaŶ aƌea ŵaps, aligŶŵeŶts ŵost ĐoƌƌespoŶd to the eǆisteŶĐe of ƌoads, ƌailǁaǇs, aŶd 
tƌaŵǁaǇs, oƌ to the possiďilitǇ of plaŶŶiŶg theŵ. 

Another part of the visit was consisting in the opposite contamination of fields: from data mining to 
complex networks. 

Our attention was attracted by the paper Vieira et al. on the image from satellites that have to detect 
the readiness for harvest of the areas devoted to the plantation of sugar canes in Brazil. In this 
paper, the classification has to be in two subsets: ready/not ready for the harvest. A dataset checked 



by experts has been used for training the algorithm in order to build a binary decision tree. J48 is a 
modification of the statistical classifier WEKA C4.5 algorithm, that became quite popular after 
ranking #1 in the Top 10 Algorithms in Data Mining pre-eminent paper published 
by Springer LNCS in 2008 [Wu et al., 2008]. 
 

Each level of such a decision tree depends on an explanatory variable, and  the training set is used 
for determining the yes/no threshold. 

In line with this interest on decision trees, the visit has started with the participation to the 
EUROXXVIII event in Poland, where it has been possible to meet many colleagues working on 
Data mining. Among the presented papers, we point out the paper [Da Silva et al., 2016]  on the 
usage of the J48 algorithm. 

The expansion of the decision trees for the detection of communities in networks is going to be 
examined further in the next future, since it seems quite promising. 
 

 

Summing up, the visit has shown to be effective for a better integration of techniques and methods 
that have been developed for examining data in quite different disciplines. While images from 
satellite have always constituted a large source of data, the new social networks platforms, 
communication platforms, financial databases, etc. allow to consider the extraction of information 
from large datasets also in socio-economic environments. On the reversal way, not-strict 
classification used in complex networks clustering add new classification techniques to the already 
existing fuzzy set-based classification already known in data mining. 

 

During the visit, there has been some interaction with students and postdocs. On July 11th, a crash 
course on MATLAB on main topics and key Toolboxes (interpolation, optimization, visualization), 
necessary for working on the subject. The pictures in the Appendix 2 show the seminar room. 

In conclusion, the scientific interchange among different fields has been quite fruitful, and it has 
shown potentialities ok forward for future work on the topic. In conclusion, this first visit, and the 
exchange of information among different fields has shown potentialities that may be expanded in 
the future. 

 

Cracow, July 13th, 2016 

         Giulia Rotundo 

 

  

  
  

https://en.wikipedia.org/wiki/Springer_Science%2BBusiness_Media
https://en.wikipedia.org/wiki/Lecture_Notes_in_Computer_Science
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Appendix 1- List of MATLAB programs for the example 

%the following function loads the data 

function A=assegnaA 

A=[5    37  22 

13  38  20 

24  35  11 

28  32  15 

35  38  51 

5   9   6 

6   15  7 

11  11  9 

11  18  7 

20  30  5 

4   2   2 

4   5   2 

3   12  2 

4   21  2 

8   5   2 

8   7   2 

8   20  2 

8   23  2 

13  5   2 

12  8   6 

12  24  2 

13  26  2 

18  10  2 

17  19  2 

21  7   2 

22  10  2 

22  13  2 

21  22  2 

24  7   2 

24  9   2 

27  11  2 

27  13  2 

26  17  3 

22  19  3 

24  23  4 

26  17  2 

26  19  2 

29  2   2 

29  4   2 

28  26  2 

28  27  2 

34  5   4 

32  7   2 

32  9   3 

33  11  2 

31  13  2 

35  13  2 

33  17  4 

34  19  2 

31  21  3 

33  22  2 

31  23  2 

33  25  2 



36  25  2 

16  32  4]; 

 

%the following function constructs the adjacency matrix from the data and cancels all the links which 
weight is above “livello” 
function B1=grafo(livello) 

A=assegnaA; 

B=zeros(length(A)); 

for i=1:1:size(A,1) 

    for j=i+1:1:size(A,1)-1 

B(i,j)=sqrt((A(i,1)-A(j,1))^2+(A(i,2)-A(j,2))^2); 

    end 

end 

m=max(max(B)); 

p=livello; 

H=1-heaviside(B-p*m); 

B1=B.*H; 

 

 

 

%the following function interacts with the algorithm Of Blondel et al. Written 

by Antoine Scherrer and prints the identity of the nodes belonging to the same 

community 

function listacomunita(elenc) 

elenco=cast(elenc,'int8'); 

for k=min(elenco):1:max(elenco) 

    fprintf('Comunita %2d : ',k); 

    for i=1:1:length(elenco) 

    if elenco(i)==k 

        fprintf(' %2d,',i); 

    end 

    end 

     

    fprintf('\n'); 

end 

end 

 

 

 

Test on the figure at 10% of occupancy of the area 

 

function A=assegnaA1 

A1=[10 4 2 

 5  4  2 
 7 10  2 

 7 20 2 

 5 25 2 

 8 38 4 

13 46 3 

8 50 3 

13 12  1 

16 10  1 

19  7  1 

17 19 1 

18 23 1 

23 38 13 

27 24  1 



28 20 2 

26  6 1 

29 10 1 

32 22  1 

30 40 10 

36 40  1 

36  4 1 

38 10 1 

40  4 1 

38 20 1 

40 25  1]; 
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