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2. Quantitative geo analysis for telecom

3. Tools for quantitative geo analysis

4. How to solve real-world problems yourself



Quantitative geo analysis in telecom
Or: what is this Dialogic guy doing anyway?



What is quantitative geo analysis?

Any kind of quantitative analysis that (at least partially) 
uses geographic data. 

Geography: all relevant characteristics of an area or location

Geometry: circles, squares, points, …: the mathematical 
representation of geography. 

Î You can only do quantitative analysis on geometry. You could 
also do qualitative analysis on geography (but also with error).

Î Most certainly, your geometry is wrong in some way with 
respect to the geography. You need to know how wrong!



Geography and telecommunications

Geography plays a huge role in telecommunications market 
dynamics:

• Availability of connectivity (is there a connection at all?)

• Redundancy (where is my line?)

• Competition (what operators can I choose between?)

• Quality (how fast is my connection?)

• Financing (is it economically feasible to deploy a network?)

• Strategy (what are the options in a particular place?)



www.destaatvantelecom.nl





The Dutch Digital Aorta

More than half of 
commercial/industrial addresses
is within 100 metres of a 
backbone. 80% of the addresses
is within 400 metres.
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20 segments, 4 operators: 
1.099.511.627.776

20 segments, 2 operators: 
1.048.576

10 segments, 4 operators: 
1.048.576









Tools of the trade
Or: what should I download?



My First Geo Analysis

Ingredients:

Geo data 
sources

Storage 
tools

Analysis 
tools

Visualisation
tools



Open geo data sets

Many governments have ‘opened’ their data sets, and many include geo
data sets:

1. CBS: Wijk- en buurtkaart [cbs.nl] , 50x50m rasterdata

2. PDOK: Nationaal Georegister [nationaalgeoregister.nl] has all sorts of 
nice data sets, including areal pictures of the Netherlands

3. BAG: Basisregistratie Adresgegevens [nlextract.nl]

4. OpenStreetMap [geofabrik.de]

Also, geodata may be ‘hidden’ in a lot of places (zip codes, IP addresses, 
CAD files, EXIF metadata, etc.).

http://nationaalgeoregister.nl/
http://data.nlextract.nl/bag/postgis/)
http://download.geofabrik.de/


Enriching geo data

• Trick of the day: use a 
web crawler to gather data 
using the geo dataset as a 
base data source.

• Get ZIP codes from BAG, 
request availability of fibre
from KPN’s ‘zip code 
check’ page.

They do not always like this…



Shape files

• Geo data is usually stored in shape files (ESRI, .sh*)
• Basically: a table with an extra column ‘geometry’ 

• Geometry can be:
– Point
– Polygon
– Linestring
– Multipoint, Multipolygon, Multilinestring
– Geometry (any of the above, mixed)
– NULL (missing)

• Dimensions: XY, XYZ, XYM, XYZM
• Pay attention to the Coordinate Reference System (CRS) used!



Geo databases

Geo data is huge! We are typically dealing with files 1-2GB for a regional
analysis, 3-4GB for analysis spanning the Netherlands. The BAG is about
~10GB and OpenStreetMap ~50GB.

Our workflow:

• Store source data in PostGIS (http://postgis.org). This database supports 
storing very large geo datasets and is fast to query

• Use Spatialite (http://gaia-gis.it) to work locally on smaller extracts. Just a 
single .exe!

• If necessary, talk to both from inside QGIS, and automate it all using a QGIS 
Python plug-in. 

• To import data to postgis, use shp2psql. To export and make shapefiles, just
use QGIS.

http://postgis.org/
http://gaia-gis.it/


Geo visualisation

• QGIS is the best. Note that it can directly read from both
Spatialite and PostGIS, so quick reloads!

• You don’t always have to visualise geo data sets as maps. 
Alternatives to consider:

– Network visualisation (e.g. Visone)
– Histogram (of closeness, density)
– Good old tables and charts for aggregates (Excel)

• If you have RD coordinates, you could use Excel with a scatter
plot as ‘poor mans GIS’. Works quite well for interactive
models (but becomes slow really quickly)!



Geometry = math
But what does the calculator look like?



Common geometry operations: points

Point (X, Y, Z, M) Buffer(point, distance)
Î Circle (polygon)

Distance(a, b)
Î number



Common geometry operations: lines

Make Line(pt1, pt2)
Î Line

Buffer(line, distance)
Î Polygon

Length(line)
Î number



Common geometry operations: polygons

Area(polygon)
Î number

Perimeter(polygon)
Î number

x

Buffer(polygon)
Î Bigger polygon

Intersects(poly1, poly2)
Î Yes or no

Contains(poly1, poly2)
Î Yes or no

ÎCan also test: does polygon
contain point/line?

Touches(poly1, poly2)
Î Yes or no

Envelope(geometry)
Î Rectangle (polygon)



Common geometry operations: geometry

Intersection(a,b)
Î Polygon

Distance(a,b)
Î Number (shortest)

ClosestPoint(a, b)
ÎPOINT

Centroid(x)
Î POINT



Solving some real problems



How much capacity do mobile networks
provide (by location in the Netherlands)?
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Mobile network capacity

Capacity
[Mbit/s/km2]

Network 
density

Spectrum 
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How much capacity do mobile networks
provide?

The general idea of our model:
1. From open data, find out where the antennas are
2. From expert, determine max capacity of antenna per MHz
3. From spectrum licenses, find the spectrum size
4. Estimate which antenna is responsible for which area
5. Capacity = spectrum * efficiency / area



Geo data 
sources

Storage 
tools

Analysis 
tools

Visualisation
tools



Max. 
distance
(Hata)

Max. 
distance
(Hata)

Antenna-specific

𝐿 = 46.3 + 33.9 ∗ log 𝑓 − 13.82 ∗ log ℎ𝐵 − 𝑎 ℎ𝑅 + 44.9 − 6.55 ∗ log ℎ𝐵 ∗ log d + C

𝑎 ℎ𝑅 = 1.1 ∗ log 𝑓 − 0.7 ∗ ℎ𝑅 −(1.56 ∗ log𝑓 − 0.8)

𝐶 =  0 𝑑𝐵 for medium cities and suburban areas
3 𝑑𝐵 for metropolitan areas

Distance- and environment specific



Cell sectors
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Network structure: macro cells

Yes, this is the Voronoi you should still
remember from high school math class
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