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Abstract 
As part of the data collection, data from all FP7 and Horizon 2020 projects were downloaded 
from the CORDIS data tables and converted into a relational table. After data cleaning and 
linking the tables, we queried the remote sensing projects of the two programmes, mapped the 
network of project participants in the two programmes, and compared the network indicators 
and the distributions of degree rates. A scale freedom of degrees seems to be a relevant 
assumption. 
Keywords: remote sensing, social network analysis, projects, FP7, Horizon 2020 
 
Literary background 

The network research methods used in this paper are based on the model describing random 

networks (graphs) (Erdős and Rényi, 1960), on the configuration model for modelling 

networks with a fixed degree number distribution, but which otherwise consist of completely 

random links  (Bollobás, 1980) (Molloy and Reed, 1995) (Newman, 2010), on the small 

world model built around the six-step distance question (Watts and Strogatz, 1998), on the 

model of scale-free networks (Barabási and Albert, 1999) and on the Barabási-Albert model 

describing the formation of scale-free networks (Albert and Barabási, 2002). 

In the literature, the analysis of network cooperation on the basis of project collaborations is 

mostly focused on the analysis of a single project (Vonortas and Okamura, 2013) (Sobhani, 

2012) (Li, et al., 2011) or makes relevant methodological-efficiency recommendations 

(Hansen, et al., 2012) (Liang, et al., 2009), but there are also examples of research carried out 

on a wider scale (Enger, 2018) (JuanolaFeliu and Samitier, 2016) (Balland, et al., 2019). 

However, a complete comparative SNA analysis of remote sensing research, mainly with 

drones and satellites, carried out in the framework of the two major European R&D 

programmes (FP7 and Horizon 2020) has not yet been found by the author.  

 

https://doi.org/10.35511/978-963-334-453-8.Toth_Zs-2
https://doi.org/10.35511/978-963-334-453-8.Toth_Zs-2
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Methods 

The downloaded data tables were converted into a relational database, and the SQL queries of 

the database were processed using statistical programming tools. 

Summary of the statistical programming methods used in the paper 

SQL and R codes were used in the statistical programming process. To assess the scientific 

context of the project, the .csv data tables imported from CORDIS were downloaded for both 

FP7 and H2020 projects, and from these, after preparing the tables, correcting some columns, 

and creating primary and foreign keys, a SQLite database was compiled. A SQL query was 

used to define the remote sensing-related data of FP7 and H2020 projects, mostly describing 

UAV surveys, in a summary table.  

The following analysis process was then carried out for both tables (queries). 

The topic was identified from the CORDIS SciVocCodes. In the next phase, the packages to 

be used for data analysis were selected (R RSQLite, igraph, vcd, poweRlaw, fitdistrplus). 

Then a formal class for a SQLite database connection was defined and the table of project 

participants for "remote sensing" was loaded into the data frame. After data cleaning, we 

wrote rcn-pairs describing the network of project participants using a much faster algorithm 

than used in our previous research. ("rcn" is the participant identifier.) The full R code can be 

studied at the reference given in the bibliography. (Tóth, 2022) Related R documentation is 

worth studying. 

The rcn pairs were first converted into a list object, then an intermediate graph was created, 

and finally a matrix was defined from it. From the matrix, a graph could be constructed with 

the appropriate function to write the net. From the graph, an adjacency matrix describing the 

relationships of the project participants in binary was created. The matrix required 

optimisation due to its size and structure, so a network graph was created from it, which could 

be directly plotted and analysed. The network was then plotted after the parameters were 

entered. The very complex network that was plotted was unsuitable for visual evaluation due 

to its complexity, and was therefore characterised in terms of density, diameters and 

transitivity. Based on the betweenness index, the order of the central actors was also plotted. 

Then, in order to possibly verify the existence of distributions that are noteworthy in network 

research, the frequency of the degree numbers was examined. Before examining the notable 
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distributions, there was considered it useful to divide the network into clusters, to map the 

cluster network and to calculate some indicators. The goodness of fit of the distributions was 

also tested for the notable distributions of continuous and discrete variables, since the degree 

number as a discrete variable is considered a continuous variable due to the large number of 

elements in the discrete variable, according to the evaluation of statistical software, and 

therefore can be followed more or less by both methodological groups, the reliability of which 

is well supported by the literature. (Delignette-Muller and Dutang, 2015)  

The Poisson distribution was tested using the likelihood ratio method and illustrated with a 

rootogram. (Wainer, 1974) The power distribution with appropriate parameters is the main 

measure of scale independence, and was therefore tested with several package methods, 

including bootstrap. To test the other notable distributions, we used a Cullen-Frey chart based 

on kurtosis and skewness. (Bailer and Bailer, 2001)  

Results 

Figure 1 shows the structure of the two project networks. For visually larger networks, 

essentially no relevant information can be extracted. What we can see from the figures is 

perhaps that the H2020 projects have more nodes and subnets that are not directly or 

indirectly connected to the central, closely connected nodes. 

  

Figure 1. Participants' network in FP7 and Horizon 2020 projects on remote sensing 

 

Based on the values obtained in Table 1, the remote sensing-related projects of the two 

funding programmes show a slight difference. 
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 Edge density Transitivity Diameter 

FP7 0.045 0.68 6 

Horizon 2020 0.033 0.61 5 

Table 1. Network measures in FP7 and Horizon 2020 projects on remote sensing 

 

As number of edges divided by maximal number of edges, decrease of edge density shows 

that the nodes were less interconnected in Horizon 2020 than in FP7. This may indicate a 

substantially larger number of elements or a strengthening of the centre and marginalisation 

of the periphery. However, a small increase in the number of networks’ participants may not 

have this effect. The visual impression and the changes of other two indicators suggest the 

phenomenon of concentration-peripherization dual effect. 

The histogram of the degrees (number of participants’ connections) indicated scale freedom in 

the case of few divisors in both programmes. (Figure 2) Subsequent statistical analysis has 

clearly not confirmed this, but did not reject, as well. The visual similarity of histograms is 

apparent. 

  
Figure 2. Frequency of degrees in FP7 and Horizon 2020 projects on remote sensing 

 

According to the first five highest betweenness values of project participants (Table 2) the 

most active project participant’s role is unquestionable, but the next places indicate a 

structural swift. The network of projects related to remote sensing does not seem to be a 

private club. 
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FP7 Horizon 2020 

RCN Betweenness RCN Betweenness 

1905609 27010.16 1905609 29935.07 

1949732 15083.31 1919568 22338.78 

1905572 14733.30 1909988 15266.06 

1905912 10684.28 1905675 12484.88 

1930250 9940.00 1905579 10200.24 

Table 2. First five participants (RCNs) by betweenness values in FP7 and Horizon 2020 projects on remote 
sensing 

 

The networks of FP7 projects on remote sensing can be divided into 51 clusters by cluster 

edge betweenness. The largest cluster includes 63 participants. The same indicators are in 

order 62 and 73 in Horizon 2020 projects. (Figure 3) There is no radical difference between 

the two samples and it can explained with the slight increase of participants. (In order: N = 

801, N = 1004) 

  

Figure 3. Clusters of FP7 and Horizon 2020 projects on remote sensing 

 

Results of Goodness of fit analysis of Poisson distribution are clear in both cases. (Table 3) 

There is no Poisson distribution as we interpret the degree as discrete value. According to 

P(>χ2) values calculated by maximum likelihood method H0 (degrees follow a Poisson 

distribution) is rejected in both cases. As a benchmark, the analysis also included a random 

number generator to generate approximate data serie for Poisson distribution (n = 50, 

set.seed(123), λ = 3). 
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 Programme p χ2 df P(>χ2) 

H0: 
Poisson 

FP7 0.95 6860.88 70 0 

Horizon 2020 0.95 8848.06 76 0 

Benchmark 0.95 5.35 6 0.5 

Table 3. Results of maximum likelihood test of Poisson distribution of degrees in FP7 and Horizon 2020 projects 
on remote sensing 

 

The results above can be represented with rootograms. (Figure 4) 

  
Figure 4. Rootograms of FP7 and Horizon 2020 projects on remote sensing 

 

The next phase the H0: data is generated from a power law distribution was tested, the result 

can be seen in Table 4. As a benchmark, the analysis also included a random number 

generator to generate approximate data serie for power lawn distribution (n = 100, 

set.seed(123), λ = 3, xmin = 1). 

We can be quite confident that we cannot reject the null hypothesis at the 5% level of 

significance given these ranges, which we can infer as evidence that the data follows a power 

law distribution. (From xmin of course.) So, we can suppose that with the participants who are 

not the members of any projects but collaborate in this area, the degrees would have followed 

a power fit distribution. So many participants have few connections, and few participants 

have many, especially in the first case. This distribution suggests a notable distribution in 

social network analysis. 
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 Programme Level of sig. xmin p-value 

H0: power 
law 

FP7 0.05 68 0.554 

Horizon 2020 0.05 31 0.016 

Benchmark 0.05 1 0.99 

Table 4. Results of Kolmogorov-Smirnov test of power law distribution of degrees in FP7 and Horizon 2020 
projects on remote sensing 

 

Examining the other frequent distributions was a surprise, as the Cullen-Frey diagram shows a 

gamma distribution for discrete variables treated as continuous in FP7, and this is confirmed 

by the bootsrap methods. When the degree number is treated as a discrete distribution, the 

distribution of degree points towards a negative binomial distribution, but this is unlikely 

based on kurtosis and skewness. (Figure 5)  

  
Figure 5. Cullen and Frey diagrams of FP7 projects on remote sensing 

  
Figure 6. Cullen and Frey diagrams of H2020 projects on remote sensing 
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The projects in Horizon 2020 do not show any notable distribution. (Figure 6) However, this 

does not mean that the distributions of the two samples are significantly different, on the 

contrary, they are surprisingly similar. 

The corresponding calculated values are given in the Table 5. 

Name FP7 Horizon 2020 

Minimum 1 1 

Maximum 196 237 

Median 17 17 

Mean 23.74 21.46 

Estimated standard deviation 22.09 22.23 

Estimated skewness  2.82 3.72 

Estimated kurtosis 15.67 26.37 

Table 5. Summary statistics related to Cullen and Frey plots in FP7 and Horizon 2020 projects on remote sensing 
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