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A B S T R A C T

RanCoord is an open-source Python package that allows to easily generate random coordinates within a set
of geographic boundaries. The framework offers methods to generate, save and plot a determined number of
random coordinates generated from a location polygon or a simple name/address through its geocoding. Such
geographic methods are well-suited for research and development activities in transport and logistics, such as
the Travel Salesman Problem (TSP) and the Vehicle Routing Problem (VRP).
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1. RanCoord — A random geographic coordinates generator for
transport and logistics research and development activities

Data is currently becoming a valuable asset, being used to manage
an increasingly number of daily world activities. Geospatial data is a
particular data type that links an identifier (e.g., individual, object,
transport vehicle) to a location. Because of this, geospatial data often
raises privacy and confidentiality issues. Moreover, in some application
domains, geospatial data is often a scarce [1]. RanCoord offers a
straightforward, fast and intuitive computational strategy to circum-
vent these privacy concerns and availability barriers by generating
random geographic coordinates to suit the user needs, both in terms
of quantity and global geographic position. The package was created
to particularly solve research and development needs related to the
domains of transportation and logistics.

The code (and data) in this article has been certified as Reproducible by Code Ocean: (https://codeocean.com/). More information on the Reproducibility
adge Initiative is available at https://www.elsevier.com/physical-sciences-and-engineering/computer-science/journals.
∗ Corresponding author.
E-mail address: hugo.carvalho@ccg.pt (H.S. Carvalho).

Fig. 1 depicts the overall package architecture that assumes three
main layers that are detailed in the next subsections. Algorithm 1
presents the pseudocode adopted to generate the geographic coordi-
nates.

1.1. Input layer

The Input Layer represents the communication layer of the appli-
cation. It includes the set of parameters for the geographic coordinates
generation that meet the user needs, a possible data source for the dis-
tance matrix calculation, and the OSRM Engine, a modern open source
C++ routing engine for computing shortest paths in road networks. The
set of parameters include:
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Fig. 1. Rancoord architecture.
(a) Name/Adress (N/A) or a Geographic Polygon (GP) to be
considered.

(b) Number of Geographic Coordinates (NoGC) to be generated.
(c) The option to return the distance matrix (dmBool) of the geo-

graphical coordinates to be generated using the default distance
calculation method (Haversine).

(d) The option to save or not to save the geographic coordinates
(saveBool) using the standard format (JSON).

(e) The option to plot and save the resulting map (mapBool) of
the geographical coordinates to be generated.

It is relevant to highlight that the input parameter (a) can be filled and
executed using two options:

(i) Name/Address — The name, address, query, or a structured
query the user wishes to use as the geographical position to
be considered. A street, city, county, state, country, or postcode
should be provided.

(ii) Geographic Polygon (GP) — a object that represents a filled
area consisting of a list of at least three coordinate tuples that
forms the outer ring and a (possible) list of polygons [2].

1.2. Processing layer

The Processing Layer performs the random generation of geo-
graphic coordinates. These coordinates follow the parameters specified
by the user in the Inputs phase. Suppose the user has chosen the first
option of execution using the Name/Address option in the Input Layer.
In that case, the process will go through a geocoding stage of the corre-
sponding name or address, where its bounding box1 will be requested to
a third party. Accordingly, the behaviour of the components that make
up this phase can be described as follows:

1 Set of minimum and maximum longitudes and latitudes of a geographical
rea.
2

1. Geocoding Module (GcM) — geocoding stage of the specified
name or address requesting its bounding box to Nominatim.
This geocoder uses OpenStreetMap data to find locations on
Earth by name and address [3]. This set of coordinates will
be converted into a Shapely Polygon and then passed to the
randomization component.

2. Geographic Coordinates Randomization Module (GCRM) —
the core component of the current phase and the whole frame-
work. Using the Shapely Polygon from the previous component,
depending on the user’s choice and the number of locations
to be generated, it generates a random set of pairs containing
latitude and longitude following a continuous uniform distribu-
tion. The distribution formulated in Eq. (1) and presented in
Fig. 2 describes an experiment with an arbitrary outcome that
lies between certain bounds. The bounds are defined by the
parameters, a and b, which are the minimum and maximum
values.

𝑓𝑥(𝑥) =

{

1
𝑏−𝑎 for 𝑥 ∈ [𝑎, 𝑏]
0 otherwise

(1)

3. Distance Matrix Calculation Module (DMCM) — This compo-
nent allows the user to get the distance matrix of the generated
geographic coordinates. This matrix will have a size of 𝑁 ×
𝑁 where 𝑁 is the number of geographic coordinates specified
by the user and, consequently, generated. This two-dimensional
data structure is often required to solve transport and logistics
problems such as the Travel Salesman Problem (TSP) and the
Vehicle Routing Problem (VRP). Thus, using Rancoord, there is
no longer a need for a third party or user implementation to
obtain the distance matrix.
As shown in Table 1, the main diagonal of the square matrix
will be null since the distance between the same point is zero.
The remaining values will be filled using the method selected by
the user, where d represents the distance between the respective
pairs of coordinates. The tool allows the calculation of this
distance matrix using three different methods:
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Algorithm 1: RanCoord
Inputs : A name/adress 𝑛𝑎𝑚𝑒𝐴𝑑𝑑𝑟𝑒𝑠𝑠 or a geographic polygon

𝑔𝑒𝑜𝑃 𝑜𝑙𝑦; a number of geographic coordinates 𝑛𝑢𝑚;
booleans 𝑑𝑚𝐵𝑜𝑜𝑙, 𝑠𝑎𝑣𝑒𝐵𝑜𝑜𝑙, and 𝑚𝑎𝑝𝐵𝑜𝑜𝑙, to calculate
distance matrix 𝑑𝑚, save the data in a 𝑓𝑖𝑙𝑒, and generate
the 𝑚𝑎𝑝, respectively

utputs: A set of 𝑛𝑢𝑚 geographic coordinates {𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒,
𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒}; a distance matrix 𝑑𝑚; a file 𝑓𝑖𝑙𝑒; a map 𝑚𝑎𝑝

nitialization;
f 𝑔𝑒𝑜𝑃 𝑜𝑙𝑦 is 𝑒𝑚𝑝𝑡𝑦 then

𝑝𝑜𝑙𝑦𝑔𝑜𝑛 = geocode 𝑛𝑎𝑚𝑒𝐴𝑑𝑑𝑟𝑒𝑠𝑠
lse

𝑝𝑜𝑙𝑦𝑔𝑜𝑛 = 𝑔𝑒𝑜𝑃 𝑜𝑙𝑦
end
𝑚𝑖𝑛𝐿𝑎𝑡, 𝑚𝑖𝑛𝐿𝑜𝑛, 𝑚𝑎𝑥𝐿𝑎𝑡, 𝑚𝑎𝑥𝐿𝑜𝑛 = 𝑝𝑜𝑙𝑦𝑔𝑜𝑛.bounds
𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 = Empty list;
hile length of 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 < 𝑛𝑢𝑚 do
𝑟𝑎𝑛𝑑𝑜𝑚𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒 = random.uniform( 𝑚𝑖𝑛𝐿𝑎𝑡, 𝑚𝑎𝑥𝐿𝑎𝑡 ),
random.uniform( 𝑚𝑖𝑛𝐿𝑜𝑛, 𝑚𝑎𝑥𝐿𝑜𝑛 )

if 𝑟𝑎𝑛𝑑𝑜𝑚𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒 within 𝑝𝑜𝑙𝑦𝑔𝑜𝑛 then
append 𝑟𝑎𝑛𝑑𝑜𝑚𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒 to 𝑝𝑜𝑖𝑛𝑡𝑠

else
continue

end
end
if 𝑑𝑚𝐵𝑜𝑜𝑙 then

𝑑𝑚 = distanceMatrix( 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 )
lse

continue
end
if 𝑠𝑎𝑣𝑒𝐵𝑜𝑜𝑙 then

multipleFormatsSaver( 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 )
lse

continue
end
if 𝑚𝑎𝑝𝐵𝑜𝑜𝑙 then

plotCoordinates( 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 )
else

continue
end
return 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠, 𝑑𝑚, 𝑓𝑖𝑙𝑒, 𝑚𝑎𝑝

Fig. 2. Probability density function of the continuous uniform distribution.

(a) Haversine — Determines the great-circle distance2 be-
tween two points on a sphere given their longitudes and
latitudes [4].

2 Shortest distance between two points on the surface of a sphere.
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Table 1
𝑁 × 𝑁 distance matrix.

𝐷 =

⎛

⎜

⎜

⎜

⎜

⎜

⎜

⎜

⎝

(𝑙𝑎𝑡, 𝑙𝑜𝑛)1 (𝑙𝑎𝑡, 𝑙𝑜𝑛)2 (𝑙𝑎𝑡, 𝑙𝑜𝑛)3 … (𝑙𝑎𝑡, 𝑙𝑜𝑛)𝑑
(𝑙𝑎𝑡, 𝑙𝑜𝑛)1 0 𝑑12 𝑑13 … 𝑑1𝑑
(𝑙𝑎𝑡, 𝑙𝑜𝑛)2 𝑑21 0 𝑑23 … 𝑑2𝑑
(𝑙𝑎𝑡, 𝑙𝑜𝑛)3 𝑑31 𝑑32 0 … 𝑑3𝑑
⋮ ⋮ ⋮ ⋮ ⋱ ⋮
(𝑙𝑎𝑡, 𝑙𝑜𝑛)𝑛 𝑑𝑛1 𝑑𝑛2 𝑑𝑛3 … 0

⎞

⎟

⎟

⎟

⎟

⎟

⎟

⎟

⎠

(b) Vincenty — Calculates geodesic distances between a pair
of latitude/longitude points on an ellipsoidal model of
the Earth. Unlike the Haversine method for calculating
distance on a sphere, this formula is an iterative method
and assumes the Earth is an ellipsoid [4].

(c) Open Source Routing Machine (OSRM) —
High-performance routing engine for shortest paths in
road networks. It combines sophisticated routing algo-
rithms with the open and free road network data of
the OpenStreetMap (OSM) project [5]. Despite its high
performance, the fact that it represents a solution that ver-
ifies road networks and not just a mathematical distance
between two coordinates makes this the most computa-
tionally expensive method but also the most accurate.

4. Multi-format Saving Module (MfSM) — Save the generated
geographic coordinates in the following standard formats: CSV,
JSON, GEOJSON, TXT, XLSX, KML, and OSM.

5. Map Plotting Module (MPM) — Plot the generated geographic
coordinates on a map using the Python Folium package, which is
powered by Leaflet.js [6]. The map can be saved in the following
formats: HTML, JPG, PNG, and SVG.

.3. Output layer

The Output Layer represents the final stage of the tool and com-
rises the output of the different modules of the Processing Layer. Thus,
Geospatial Data Pack (GDP) can be generated if the framework is used

n a chained approach or the following single outputs:

(a) Geographic Coordinates (GC) — Set of requested geographic
coordinates that meet the parameters given by the user.

(b) Distance Matrix (DM) — Distance matrix of the generated
geographic coordinates.

(c) Geospatial Data File (GDF) — A file containing the generated
geographic coordinates.

(d) Geospatial Data Map (GDM) — A map containing the gener-
ated geographic coordinates.

Fig. 3 shows the plotted result of a RanCoord execution with the
pecification of 50 geographic coordinates located in the city limits of
ondon, United Kingdom.

. Impact on academic research

RanCoord provides a straightforward, fast, and intuitive way to
enerate random coordinates within a set of boundaries. A growing
umber of researchers are studying travelling salesman problems (TSP),
ehicle routing problems (VRPs), and their variants, considering real-
ife applications and scenarios [7]. The present proposal reduces the
ime and effort required to acquire geographic coordinates within a
pecific location, eliminates the need to use geographic data that does
ot fit a particular problem to be addressed, and provides geographic
oordinates in an effortless, fast, and customized way to the user’s
eeds. Moreover, since it generates random coordinates, the module
oes not rise privacy or confidentiality issues.

RanCoord was used in several scientific studies and development
ctivities. As a means of overcoming the lack of data derived from Gen-
ral Data Protection Regulation (GDPR) issues, RanCoord was adopted
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Fig. 3. Generation of 50 random coordinates within the geographic limits of the city of London, United Kingdom.
in [8] to generate vehicle routing problem instances within locations
that match the geographic logistics context of several freight transport
companies, thereby improving the communication of results with the
managers of the various companies and, at the same time, accelerating
the research and development of optimization methods in months.

3. Future work

RanCoord is a recent Python package, having its lifetime spanned
across since April 2022. In the future, the module will be further im-
proved by optimizing its performance in terms of execution time while
maintaining the core functionalities presented here. We also intend to
add new methods of generating geospatial data beyond the currently
adopted continuous uniform distribution (e.g., normal distribution).
It is also expected the development of a new module that provides
functionalities associated with geospatial clustering by using methods
such as K-Means and DBSCAN.
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