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This classification was complemented by the use of geo-referenced administrative energy 

consumption registers for Bogota.  
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 I. Introduction 

1. DANE has actively participated in the exploration of the contribution of new sources 

of big data type information from the consolidation of the National Statistical System of 

which it is the coordinator and of the Smart Data strategy whose philosophy is "It does not 

matter how big but the relevant information is for the statistical process ". Smart Data 

recognizes the important contribution of non-traditional or big data sources but also the 

contribution of traditional sources such as administrative records, censuses, and surveys. 

Within these alternative sources, detailed Call Records or CDRs stand out due to the great 

coverage of mobile telephony operators and the ability to have user activity records.  

2. The National Population and Housing Census 2018, is the most important statistical 

operation carried out by the statistical office. In a country like Colombia with a 

geographical extension of 1,142 million km², the census will be carried out in an extended 

period of time that began on January 9 with phase 1 or electronic census – eCensus that was 

carried out for the first time in Colombia and Latin America, since April 18 the door-to-

door operation began. 

3. Taking into account the importance of the census for the Statistical System in 

providing basic information for the national and local public policy planning as well as the 

allocation of resources in the next ten years, the statistical office has focused its efforts on 

the optimization of census data collection. For this reason, the contribution of the detailed 

records of mobile telephones emerges as an alternative to generate indicators to identify the 

areas where the antennas exhibit activity patterns that can be associated with residential 

areas, as well as the hours in which there is greater activity in order to provide the 

operational indicators and recommendations for the scheduling of home visits. 

4. Within the framework of the project: measuring the information society led by the 

ITU and in partnership with the Ministry of ICT and the main mobile operator in the 

country, the statistical office managed to have access to detailed call records and thus 

explore the possibility of this alternative source to the census data collection process. 

5. This exercise is an exploratory analysis that seeks to contribute to the achievement 

of the 2018 census coverage objectives through the generation of maps of areas (residential, 

other uses) classified according to their mobile activity during the week and at weekends. 

6. Among the challenges identified in the exercise are: 

(a) Determine the tools for storage, processing and analysis of information; 

(b) Determine statistical tools and methods for the analysis of information; 

(c) Complement the results obtained with other traditional information sources 

such as administrative records; 

(d) Generate recommendations that could be implemented by the census 

operating personnel. 

 II. Conceptual framework 

7. In order to establish the methodology required to achieve the proposed objective, a 

rigorous literature review was carried out. The result of this was the exploratory exercise 

carried out by the Netherlands statistical office (De Jonge, 2012). This study is a 

contribution to the exploration and use of this type of sources in aspects such as time, 

regional and mobility patterns. For this, the statistical office had access to a database of one 

of the main mobile operators in the country with the two-weeks calls and text messages 

records. Each record contained detailed information about the events: time, antenna, and id 
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for the device. They also received from the operator a map with the geolocation of 20,000 

sites. This allowed the creation of a coverage map from the cell plan to perform the 

geospatial analysis and identify patterns of different days. 

8. The document also establishes the possible statistics derived from the use of this 

type of sources that includes dynamic estimates of population density; measure the time and 

distance of the movements of people in a certain region; statistics on tourism based on the 

mobile activity of visitors from a country or region, generation of statistical information 

with higher levels of disaggregation, indicators of economic activity and classification of 

areas according to their mobile activity in residential, commercial, etc. 

9. The study is based on the hypothesis that residential areas will exhibit a different 

pattern of activity than commercial areas, so that in business hours, commercial and 

business areas should have more activity than residential areas in terms of mobile activity. 

Thus, it is also suggested that during leisure hours, for example on weekends, mobile 

activity will be higher in residential areas. 

10. To identify the clusters of regions that are residential, commercial, or business based 

on the activity, it is necessary to establish a brand for each region, and then perform 

clustering exercises using methods such as means. 

11. The lessons learned are: 

(a) Antenna coverage framework is required; 

(b) The processing of these volumes of information in time-consuming; 

(c) A longer data reference period improves the estimations; 

(d) Importance of complementing these sources with other records. 

12. Another important reference for this work is the exercise carried out by (Frías-

Martinez & Soto, 2011). This document presents a method to automatically identify the 

land uses from the people’s mobile activity and for this the authors used the fuzzy 

clustering method to give robustness to the classification of areas with marked behaviour, 

these clusters were validated by applying expert's criterion.  

13. The general idea of the study is that from the use of CDR and its activity can be 

characterized the use that people give to a specific urban area. For this, the authors divided 

the city under study into geographic areas using Voronoi polygons, in such a way that for 

each antenna a coverage area is obtained to which the activity of this antenna is linked 

which represents a signature or mark per antenna. These antenna markings are the input for 

the fuzzy clustering method by c-means, from which areas with a similar use are identified. 

14. In the study, data from mobile records obtained for the city of Madrid for the month 

of October 2009 were used. 

15. The activity of each antenna was defined as the number of calls managed in 5-

minute intervals. Also, a matrix with mobile activity for each day and 5 minutes interval 

was built for each antenna. With this information, a label was created for each antenna from 

the concatenation of the activity between weekdays and weekends. The activity data were 

standardized. Subsequently, the Fuzzy c-means cluster method was used on this data set. 

16. The document presents the results for five clusters with 1.2 as the fuzziness 

coefficient. In general, a first cluster of industrial parks and office areas was associated with 

a very high activity during the week and very low at weekends, the second cluster of 

commercial and business areas maintained the characteristics of the first but with greater 

activity weekend, the third cluster was associated with an area of nightlife activity, with a 

peak activity at this time of day. In the fourth cluster, more activity was observed on 

weekends, however during the week there was significant activity both in the morning and 
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in the afternoon, this was associated with places where people perform leisure activities, the 

fifth cluster was characterized by greater activity on weekends with respect to the week in 

the morning and in the afternoon, as well as greater activity in the afternoon with respect to 

the morning for the weekdays, which was associated to residential areas.  

17. Finally, the study carried out by (R. Ahasab, 2015) in which the authors propose a 

methodology to work with the CDRs and detect spatial and temporal differences between 

the three cities of Harbin, Paris and Tallinn. Thus, the objective is to propose a measure of 

what is called social time, which is defined by the activities of people throughout the day 

and not by the solar pattern. The authors defined four indicators of social time: (1) night 

minimum; (2) start of the morning; (3) midday; and (4) duration of active day. 

18. The data used corresponded to CDR provided by the main operators of each country 

for different time periods from nine days for China and eight for France and Estonia. There 

were also differences between the types of events available for each country, in the case of 

Estonia, having access to all call output, text message and data activity ; while in China and 

France, incoming activities were also included. 

19. In this exercise, the activity data were added in 10-minute intervals, the activity 

information was standardized and the polynomial regression fitting (LOESS) local curve 

smoothing method was used. 

20. It is precisely the curve smoothing method proposed by this document that is taken 

as reference for our exercise. 

21. From Soto and Frías-Martinez’s document, the method for the generation of activity 

matrices by antenna and its standardization was taken as reference. 

22. Based on this bibliographic revision and our objective of review the extent to which 

mobile activity information can be used to generate clusters and identify residential areas 

and other non-residential uses, as well as to determine the times of the day when it would 

be more feasible to conduct home visits in the areas marked as residential to carry out the 

census. 

 III. Data 

23. We had access to summary tables generated by the mobile telephone operator with 

the total information of events (calls, text messages and data) and their duration in intervals 

of 1 hour per Base Station (Antenna) for three months. (April to June 2017). 

24. For analysis purposes, events are assumed as the connections that take place 

between a mobile device and a base station. 

25. The activity of the events carried out from mobile phones is done not only in time 

but also in space; many of them being continuous in both dimensions. However, due to the 

registers provided by the mobile telephone company, the data of the events associated with 

the mobile telephone antennas were counted, that is, the events (calls and Internet 

connections) are associated with a point in the space. On the other hand, each antenna has 

an area of influence, as mentioned above, (see Ricciato, F., Widhalm, P., Craglia, M., & 

Pantisano, F. (2015)), which was not provided by the mobile phone company. For the 

methodology it was decided to use the Voronoi polygons, which are created from each 

antenna, that is, for each antenna a polygon was created. Each location that is inside this 

polygon is closer to the antenna on which the polygon was created. 

26. This method has been used in different studies as indicated at the beginning of the 

document. The assignment of areas of influence to each antenna from the Voronoi polygons 

has a particular advantage in the assigning of small polygons to antennas with little distant 
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between them, as it is actually the case. The greater the population density that uses the 

telephony network in an area, the greater the number of antennas to be installed for their 

coverage, resulting in a wider density of these, and consequently, of their areas of 

influence.  

27. As mentioned above, the area for the selected pilot project was Bogota. To avoid 

biases related to the spatial configuration on which the antennas were located, it was 

decided to carry out a study on the urban census area of the city. By being at a specific 

point on the surface, only those mobile telephone antennas whose geographic coordinates 

were within this urban area were taken. A total of 1,554 antennas were taken inside the city 

and statistical and spatial analyses were performed on them.  

 A. Data preparation 

28. Due to the fact that the objective of this project is based on the characterization of 

the activity of people in the areas determined by each BTS, it is proposed to make a 

reduction of the CDR data set. This reduction is initially determined by each of the cell 

phones connected to the network identified by their IMEI. 

29. To apply the zone characterization methodology, it is proposed to perform an 

analysis on a summary data set according to the following characteristics: 

(a) CDR / PDR events (TYPE EVENT): 

(i) 1 – Outgoing voice call CDR, without internet use; 

(ii) 2 – Incoming voice call CDR, without internet use; 

(iii) 6 – Open internet IPDR, any internet use except MMS messages; 

(iv) 7 – Closed internet IPDR (captive portals), any use of Internet except MMS 

messages. There is the possibility of not reporting this type of traffic. For the cases 

in which is not possible to differentiate type 7 from 6, everything shall be reported 

as type 6; 

(b) Type of register (TYPE_DOMESTIC_OUTBOUND_INBOUND): 1 – 

National; 

(c) BTS located within the urban area of Bogota. The BTS were geolocated base 

on the longitude and latitude reported in the databases; 

(d) Counting events listed in 1 in Hour-Day time windows; 

(e) After an analysis of the behaviour of the events over the three months, it was 

decided to exclude from the data set those events that occur on: weekends with holidays 

and Holy Week. This analysis showed that there is an important difference in the behaviour 

of daily activity during these days, due to the possibility of carrying out activities related to 

tourism other areas besides the urban ones. 

30. According to the above considerations, a data set of 3,222,716 records was 

consolidated. The table takes the form presented in Table 1. 
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Table 1 

Database of CDR for Bogota 

Source: Base of records of mobile activity provided by the operator 

COD_DANE Class LON LAT Date Hour QUAN_EVENTS 

11001 1 -74,019,555 4,670,250 01/04/2017 0 5,386 

11001 1 -74,019,555 4,670,250 01/04/2017 1 4,524 

11001 1 -74,019,555 4,670,250 01/04/2017 2 4,207 

11001 1 -74,019,555 4,670,250 01/04/2017 3 4,238 

11001 1 -74,019,555 4,670,250 01/04/2017 4 4,282 

11001 1 -74,019,555 4,670,250 01/04/2017 5 5,064 

11001 1 -74,207,000 4,613,300 30/06/2017 18 61,388 

11001 1 -74,207,000 4,613,300 30/06/2017 19 61,924 

11001 1 -74,207,000 4,613,300 30/06/2017 20 64,539 

11001 1 -74,207,000 4,613,300 30/06/2017 21 60,246 

11001 1 -74,207,000 4,613,300 30/06/2017 22 51,624 

11001 1 -74,207,000 4,613,300 30/06/2017 23 42,503 

 IV. Information analysis 

 A. Comparative analysis of daily activity 

31. The behaviour in terms of events was linked to the activity of people who occupy 

the different areas during different times of day. Thus, for example, activity in areas where 

work is concentrated will have a different behaviour during working days and rest days. As 

we saw in (Frías-Martinez & Soto, 2011) this result is presented in terms of the 

identification of zones, specifying weekdays (Monday to Friday) and weekends (Saturday 

and Sunday). 

32. Bogota is a city that presents a dynamic that is marked by differential labour, 

commercial and economic activity between weekdays and weekends, it is proposed to carry 

out an analysis taking into account the events consolidated for each grouping of days. A 

graphical result that displays how the frequency of events shows a decrease in the events 

occurred on weekends is presented in Figure I. 
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Figure I 

Smoothness of events frequency (Week from 02 to 07 June) 

Source: Own calculations 

 

33. The next step in the analysis includes the grouping of weekdays, as well as 

weekends as representative days of the activity dynamics for Bogota, represented in Figure 

II. 

Figure II 

Smoothed curves Weekdays (left), weekend (right) 

Source: Own calculations 

 

 B. Standardization of events 

34. The totalized frequencies for each of the antennas during the chosen measurement 

days indicate that there is a varying frequency of events, which is closely related to the 

location of the antenna and the population that uses the services in the defined areas by the 

BTS. Therefore, following the methodology presented in (Frías-Martinez & Soto, 2011) we 

have a set of matrices Ai (h,d) where i = 1, 2, 3, ..., 1.555 number of antennas in Bogota, 
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h=0,1,2,…,23 hours of a day and d ∈ WeekDays ó d∈WeekEnds. On each of the matrices a 

summary measure is obtained given by the median of the events for each one of the hours 

throughout the different days. Then we call Z and Y the matrices for Weekdays and 

WeekEnds respectively, and end up with a matrix for each of the BTS that represents their 

behaviour on each grouping of days. 

35. After the consolidation of all the antennas, a new W matrix of 1505 × 48 was 

established, leaving 50 BTS out of the analysis, since they do not have any information in 

any of the analysis hours. Because the matrix W is allowed to be affected by the size effect 

of the events, a standardization is made in the interval [0,1] through the differences between 

the maximum and minimum. 

 C. Identification of daily activity 

36. By identifying a flow of events within the curves that change at certain points of the 

day, it is necessary to apply a softening method through local regression LOESS (Clarcke, 

Fokoué, & Zhang, 2009) which allows us to estimate the events on each of the 24 hours of 

a day. Additionally, it is evident that there is a pattern in the behaviour of the curves 

towards certain time intervals during the day. The later suggests that is possible to 

understand the local maximums and minimums in the curve as ideal points to establish 

daily activity intervals. 

37. Therefore, taking into account the estimates of the local regression, the calculation 

of the exchange rate is considered as an approximation to the derivative dy/dx=∆y/∆x. On 

the vector induced by the approximation to the derivative, only those points where the 

approximation shows a slope of the changing line are chosen, which is related to the 

identification of maximums or minimums. Additionally, information on the start and end of 

a daily activity is added according to the most abrupt changes that occur in the curve, which 

are linked to early morning hours (5 to 6 a.m.) and hours that are approximately after 19:00 

p.m. 

38. The choices of the points over time are determined through the quintiles of the total 

distribution of points identified through the derivative approach, as well as two points 

representing the lowest 5% and the highest 95%. Because these intervals generally allow 

producing an additional input presented in the maps, it was established that the 

characteristic intervals of the activity in WeekDays and WeekEnds are [0, 2), [2,5), [5,10), [ 

10,13), [13,18) and [18–23]. 

 V. Clusters methods 

39. After the elaboration of the pre-processed data, a table disaggregated by antenna and 

by time of the day was obtained according to whether it is a weekday or weekend. Since a 

direct comparison can be made both of the antenna data and the hourly data, a set of 

different methodologies was applied to obtain clusters, whose purpose is to detect latent 

similarities that allow the segmentation and subsequent identification of the types of 

activity related to the predominant use of the soil in each of the antenna’s areas of 

influence. 

40. The clusters methods are in essence algorithms that seek to separate the observation 

units into groups that reflect the natural structures within their data (M. Aldenderfer, 1984), 

the importance of this step in the methodology of the study lies in the need to typify the 

classes of the temporary behaviour of the traffic in the coverage of the antennas; taking into 

account the hypothesis that, areas with the same type of land use are associated to the same 

type of temporary behaviour of traffic of events, and that, areas with different types of land 
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use generate types of temporary behaviour of differentiated traffic (Pang-Ning Tan, 2019), 

the application of these methods becomes relevant. 

41. Some of the commonly used clustering algorithms (Pang-Ning Tan, 2019) were 

applied: K-means, DBSCAN, Fuzzy clustering and Ward method. The application of these 

methods was selected according to their relevance within the grouping methodologies, and 

taking into account the different clustering strategies that are developed within their 

algorithms: Ward method bases its clusters strategy on the hierarchical conformation of 

classes, In contrast, K-means is based on the separation of data on a single level, DBSCAN 

bases its grouping strategy on the density detection, and Fuzzy clustering seeks to 

determine the probability that the observation units belong to a certain cluster. 

42. In addition, different subsets of input data for these algorithms where also 

determined, exploring the relevance of these subsets in their performance within the 

subsequent evaluation and characterization of the clusters, for this purpose the following 

three subsets of input data were formed:  

(a) Only the data per week antenna;  

(b) Data only per weekend antenna;  

(c) Data per antenna for the whole week. 

43. Some of these clustering algorithms require to previously establish within their 

parameterization the number of groups in which the observation units are to be split, 

because Ward method does not require the specification of this parameter, it was 

considered to use the resulting number of groups through this method. 

44. After the construction of the different clusters, according to the algorithm that has 

been applied, the possibility that these groupings are related to the types of land use defined 

in an alternative data source is evaluated, providing possible explanations to the results of 

the groupings and the behaviours that characterize them. 

 A. Administrative records 

45. After the analysis of antenna agglomerations, a characterization of the obtained 

groups was made, assuming that these clusters are directly influenced by the type of land 

use that the population has within the areas of influence of the antennas, sources of 

information on land use in Bogota were evaluated to be compared with the previously 

obtained agglomerations. For this purpose, the information on land use was considered, 

specifically the administrative records of electricity consumption geolocated for Bogota. 

46. The administrative record of energy consumption contains information per block on 

the number of points and quantity in watts of energy consumption according to residential, 

commercial, industrial or official use; it also contains the location and spatial delimitation 

of the blocks within the urban area of Bogota; this information provides value to the 

antenna groups because a characterization of the groups can be made from a complete 

information source of the urban area of Bogota with its respective categorization of land 

use. 

47. On the other hand, there is no information about the coverage area of the antennas 

within this study, which is necessary to make the comparison of the distributions and 

subsequent spatial crossing of both sources, for this purpose a tessellation of Voronoi to the 

urban census of Bogota was used, starting from the geolocation of the antennas by 

geographic coordinates. 

48. Unlike the antenna’s areas of influence, the source of administrative records of 

energy consumption establishes as the minimum unit of observation the block, when 
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comparing the spatial distribution of these blocks with the area of influence of the antennas 

taken from the Voronoi polygons, it is typically observed the area of influence of the 

antennae covers the blocks, in other words, the area of influence of the antennae is much 

greater than that of the blocks. 

49. The later allows establishing the spatial relationship of the data of an antenna with 

the data of several blocks for the evaluation and characterization of the groupings of data 

for each antenna. The area of coverage of the antennas as the unit of analysis within the 

research was also established, both spatially and statistically, in this sense, the results of the 

grouping methods are extended for smaller space units within the areas of influence of the 

antennae, in this case, the blocks. 

50. Figure III describes the percentage of residential units in the areas of influence of the 

antennas from the intervals generated by the quartiles of the data, it can be seen that half of 

the areas of influence of the antennas are made up of 85% of units identified as residential 

based on administrative records of energy. 

Figure III 

Percentage of residential units in areas of influence of mobile telephony from public 

energy registries in Bogota for 2015 

Source: Administrative records of energy for Bogota 

 

 B. Evaluation and characterization of clusters 

51. When summarizing the information on energy consumption in Bogota, it was 

observed that 58% is for residential use, 28% is for commercial use, 10% is for industrial 

use, and 4% is for official use; these values were contrasted with the distribution of energy 

consumption by each of the groups resulting from the application of the combination of 

clustering methods and the data sets. 

52. When performing the spatial crossing of the antenna groupings with the energy 

consumption data per block, the best characterization against the percentage of 
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consumption in watts per group and per type of energy use was found in the data during the 

week with the combination of Ward and K-means methods, when compared with the 

percentages of consumption by type of general energy use, Table 2 shows how group I has 

a predominantly residential use, and how group III has a predominantly commercial use. 

Table 2 

Percentage of energy consumption distributed in the clusters of the Ward / K-means 

method with weekday data 

Source: Base of records of mobile activity provided by the operator 

Energy type of use I II III IV V 

Residencial 79% 54% 25% 44% 46% 

Official 1% 3% 11% 3% 1% 

Industrial 4% 15% 15% 8% 12% 

Commercial 16% 28% 49% 45% 42% 

53. Figure IV describes the groupings generated from the Ward and K-means method. 

Figure IV 

Clusters of areas of influence of mobile telephony according to the characterization of 

antennas in Bogota 

Source: Own calculations 

 

 VI. Spatial analysis 

54. Spatial analysis is understood as a set of techniques and models that explicitly use 

the spatial reference associated with each value of data or objects and that are specified 

within the phenomenon or theme that is studied (Haining, 2004). 
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55. These techniques began to be developed explicitly from the studies carried out by 

Von Thunen, Weber and Christaller on the location of buildings and their distances from 

centres of consumption. Then they were incorporating methods of analysis such as those 

presented by David Harvey (Explanation in Geography) and Peter Haggett and Richard 

Chorley (Network analysis in Geography). However, (Tobler, 1970) fixed what he called 

the first Law of Geography, which defines that everything is related to everything else, but 

closer things are more related than distant things. From this statement and the advances in 

geography and Geographic Information Systems (GIS), a methodological, theoretical and 

practical work about the study of spatial distributions of phenomena in a given geographical 

space began. As mentioned in (Jiang, 2010), geospatial analysis and modelling, combined 

with the powerful capacity of GIS in the data storage and visualization, have become 

important and indispensable tools for the understanding of urban structure and dynamics. 

56. A fundamental stage in the realization of spatial analysis is the exploratory analysis 

of spatial data (AEDE), which deals with a group of techniques capable of identifying 

atypical spatial values, spatial association schemes or clusters, hot / cold spots or other 

forms of spatial heterogeneity. (Anselin, 1999, Citado por (Chasco, 2009)). The AEDE 

allows knowing the spatial structure of the variables contained in the object of study to 

generate the hypotheses that can be modelled. 

57. The variable selected for the analysis of the data is the intensity of the events in each 

one of the antennas, for the weekdays. Although data is available for each of the hours, on 

each of the days of the week, it was defined to perform the spatial analysis of the data based 

on the intensities of the defined time intervals, on weekdays, since the final objective was to 

identify areas with residential activity and the hours in which the census operation could 

visit those areas. The intervals selected were three: Interval 1: between six and eleven 

o'clock in the morning; Interval 2: between eleven o'clock in the morning and two o'clock 

in the afternoon; Interval 3: between two in the afternoon and seven in the evening. 

58. The analysis starts from the assumption that the event intensities of each of the 

antennas are distributed in space in a random manner, in order to later determine if there are 

spatial patterns based on the relationship of the intensities between the areas of influence, 

taking into account distance. From this, the spatial statistic I of Moran was calculated, 

which allows knowing the degree of spatial dependence of the variable, that is, if the 

variable presents a tendency to group in some areas of Bogota. 

59. The values, generated by the Moran I statistic (see Table 3) for the three intervals, 

resulted in positive spatial autocorrelation, that is, that patterns are found in the spatially 

concentrated high or low values. The significant values of z are positive, with a level of 

confidence greater than 99%, as well as positive are the values of the statistic I, while the p 

values are close to zero. 

Table 3 

Statistics resulting from spatial analysis 

Variable I of Moran Value z Value p 

Intensity of events interval 1 

(6 a.m. – 11 a.m.) 

0.33125 117.428781 0.000000 

Intensity of events interval 2  

(11 a.m. – 2 p.m.) 

0.359744 127.781403 0.000000 

Intensity of events interval 3  

(2 p.m. – 7 p.m.) 

0.431867 153,334,983 0.000000 

60. In order to see a greater intensity of the spatial patterns of the variable intensity of 

mobile telephone events, an analysis was made from the Anselin Local Moran local 
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indicator, this indicator describes around which antennas are significantly concentrate the 

intensities of events, high values with high values (groupings HH – High-High) and low 

values with low values (groupings LL – Low-Low). It also describes the presence of spatial 

atypicals, that is, high values of intensity, surrounded by low values (atypical HL – High-

Low) and low values of intensity, surrounded by high values (atypical LH – Low- High). 

61. The following maps describe the groupings and atypical results of the spatial 

analysis, for the intensities present in each of the three intervals. In general, the maps show 

the same tendency of spatial clustering; their differences are more along the border with 

those areas that are not statistically significant. The groupings of high values with high 

values are directly related to the intervals generated from the third and fourth quartiles of 

the percentage of residential units according to the administrative energy registers. While 

groupings of low values surrounded by low values are closely related to the areas of the city 

where residential activity is lower and there are more commercial or mixed activities 

between these two. Around the outliers, it is hypothesized that these may represent areas 

with commercial activity surrounded by residential activity (LH) or vice versa (HL), areas 

of residential activity, surrounded by commercial activity. The previous one is an analysis 

that will have to be carried out in a second phase of the project. 

Figure V 

Maps of spatial clusters 
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62. In order to try to integrate the results of the interval analysis into a single variable, a 

predominant spatial grouping value was defined for each antenna area of influence, taking 

into account the values of the three intervals, for statistically significant high, low and 

atypical values in the given interval between 6 am and 7 p.m. How it was supposed, this 

result is framed within the trend of the three intervals and its result is described in the 

following map. 

Figure VI 

Spatial clusters of predominant values 
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63. The map clearly describes four regions in the geographical space of the city, two 

regions to the north and south of the city (HH), a region to the center of the city (LL), with 

a greater presence of atypical than the previous one and that can be given by mixed 

activities (commerce-housing) that are developed mainly in it and a region, which could be 

called transition between these two areas (Not significant), although with some scattered 

areas of the same type in other areas of the city. This map of predominant values resembles 

the values of interval 3, which could infer that a good time to visit the areas (HH and LL) is 

2 p.m. to 7 p.m. 

64. For the purpose of identifying residential areas, the spatial analysis carried out up to 

this point, helps in the understanding of spatial structures in the city at a general level, 

however, it is useful and advisory, in addition to requiring additional information to 

characterize residential areas in order to be able to compare the generated clusters 
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 VII. Criteria for the recommendation of collection according to 
the day's schedule 

65. The results of the grouping analysis allow us to typify the antenna coverage areas 

within the city, which provide a first support to the census operation based on the 

information contained in the CDR data, due to the delimitation of uniform areas that 

encompass several operating units where the same land use is established. 

66. Another approach to the support of the census operation was emphasized in the use 

of the temporal dimension of the CDRs and in the area of the antennas influence surfaces ; 

in search of the optimization of the human resource of census takers and in the spatial 

distribution of their routes through Bogota, a heuristic algorithm was developed to make a 

recommendation on the best visiting hours in the areas of influence of the antennas, 

conditioned to the fact that the area of the visited surfaces was uniformly distributed in the 

working hours of the census operation. 

67. Taking into account the disaggregated table by antenna and by time of day (from 

06:00 to 10:59, from 11:00 to 13:59, and from 14:00 to 18:59) depending on whether it is a 

weekday or weekend day, the data was organized from the smallest to largest area in the 

area of influence of the antennas, the algorithm runs the traffic data by schedule of each of 

the antennas and assigns a visit schedule according to the traffic comparison of events on 

the antenna and according to the total area that was previously assigned to each visiting 

schedule, that is, the algorithm assigns a schedule to the antenna if this schedule has 1) high 

traffic values, and 2) low values of area already assigned. 

68. Table 4 shows the distribution of the recommendation of visiting hours by area and 

number of blocks. It can be observed that the heuristic algorithm distributed the 

recommendation in the most similar loads possible, both in value and in percentage, in 

order to carry out the distribution of time in census operations directly related to the area 

and the number of blocks to be covered. 

Table 4 

Total and percentage of area and number of blocks assigned to the hours of the census 

operation in Bogota 

Schedule 

Area Number of blocks 

km2 % units % 

06:00–10:59 6,735.0 31.9% 12,630 32.0% 

11:00–13:59 7,310.6 34.6% 13,204 33.4% 

14:00–18:59 7,086.1 33.5% 13,664 34.6% 

Total 21,131.8 100.0% 39,498 100.0% 

69. Error! Reference source not found.VII describes the defined time slots for the 

areas of influence of each of the antennas. 

Figure VII 

Recommended time frames for census collection 

Source: Elaborated by the authors 
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 VIII. Preliminary conclusions 

70. The identification of weekdays and weekends allows for a decrease in the analysis of 

redundant information on the data set. 

71. The relationship between the intervals identified from the exchange rate 

(approximate derivative) is useful to determine the daily activity by each of the BTS. 

72. Despite having aggregate data, it was possible to associate a defined pattern of 

activity based on a clustering algorithm. Then, the use of information sources by CDR not 
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only represents a gain in terms of the constant monitoring of the people who use it, but also 

inherits a zonal behaviour defined through the BTS. 

73. Progress was made in the visualization of the recommendations to the operative 

through the generation of maps to facilitate the understanding of the information. 

74. Finally, and taking into account that the census operation in Bogotá has already 

started, it is expected that a collection pilot will be carried out promptly following the 

recommendations of zones and schedules resulting from the exercise in a certain 

operational area of the city and compare the results obtained in terms of yields, that can be 

generated for another operational area in which the recommendation has not been 

implemented. 
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