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Abstract

This paper presents a novel methodology for the automated creation of 3D city models for Mexican cities using exclusively open
data. In Mexico, while national topographic and elevation datasets exist, they lack crucial features like individual building footprints
and road polygons, making it difficult to create 3D city models using the most common existing methodologies. The proposed
method addresses these limitations by generating building footprints directly from high-resolution DSMs using a region-growing
algorithm and deriving road polygons from the empty spaces between city blocks in the topographic data. These generated features,
along with existing data for plant cover and water bodies, are then lifted to 3D using customisable rules. The methodology was
implemented with Python and C++ scripts and tested in central Mexico City. Results show that the generated building footprints
are often more accurate than those in global datasets (Microsoft, Google), particularly for non-rectilinear buildings, leading to
recognisable city landmarks. However, the method has limitations, including missing approximately 30% of smaller buildings and
occasionally misclassifying tall vegetation as buildings. Despite this, the work demonstrates the feasibility of creating useful 3D

city models for the areas in Mexico with high-resolution elevation data.

1. Introduction

3D city models are digital representations of the topography
in cities and landscapes, modelling the most important objects
in them using three-dimensional geometries and semantics that
are attached to individual objects and surfaces (Figure 1). Such
models are typically focused on buildings, but include also
roads, water bodies, and terrain, among others. They can be
used for a large number of applications (Biljecki et al., 2015),
such as wind simulations (Garcia-Sénchez et al., 2021) or solar
potential estimation (Ledn-Sanchez et al., 2025).

Figure 1. A small part of the 3DBAG'3D city model of the
Netherlands with a building highlighted

3D city models can be created using largely manual methods
involving modelling individual buildings, but such methods are
expensive and cannot be scaled to large areas. Instead, we are
interested in the (semi-)automated creation of 3D city models,
and the most common automated approach involves merging
two datasets: (1) a 2D topographic dataset containing poly-
gons for the features that will be represented and (2) an elev-
ation dataset that is used to process the 2D geometries and lift

* Corresponding author
! https://3dbag.nl/en/viewer

them to 3D. For example, the former dataset could contain indi-
vidual polygons that represent building footprints, while the lat-
ter could consist of a point cloud that is used to obtain the height
of the buildings’ roofs. Alternative approaches exist, such as
first obtaining a dense mesh ( e.g. through dense matching of
images) that is then classified or more recently the automated
conversion from BIM-to-Geo, but these typically require data
that is more expensive to acquire and more complex to process.

While the aforementioned method with two datasets (topo-
graphy + elevation) is relatively simple to apply in practice,
these two datasets are not available in many countries, or at
least not available openly, in a suitable form and at a sufficient
quality for the creation of a 3D city model. As a result, 3D city
models are only openly available for a limited number of cit-
ies in around 20 countriesz, which are situated almost entirely
within the Global North—where topographic data is generally
more widely available and elevation data tends to have higher
resolution.

In the case of Mexico, while both topography and elevation
are available for the entire country, there are significant issues
with respect to the available features, coverage and resolution
of these datasets (Section 2). Most importantly, the objects that
are considered the most important features in 3D city models
(buildings and roads) are not individually modelled in the 2D
topography, whereas the coverage of high-resolution 1.5-metre
elevation models is limited to a few areas around some of the
bigger cities. Likely as a result, to the best of our knowledge,
no 3D city models are openly available for any city in Mexico,
and academic efforts to create them are limited to small areas
using custom data, and either largely manual modelling meth-
ods or closed solutions with commercial closed source soft-
ware (Herndndez Sanchez et al., 2020; Rivera Gonzélez, 2020;
Galicia-Reyes and Gémez-Ramirez, 2022).

Nevertheless, in this paper we aim to show that it is
possible to create 3D city models automatically for the areas
in Mexico

2 https://3d.bk.tudelft.nl/opendata/opencities/
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where high-resolution elevation data is available based solely
on open data (elevation + 2D topography). For this, we pro-
pose a novel methodology (Section 3) that is partly inspired by
earlier implementations (see Section 4 for the details), but spe-
cifically targets the particularities of the source data. The meth-
odology extracts building footprints from the elevation data and
roads from the empty spaces between city blocks. These are
complemented with existing areal features for green areas, wa-
ter bodies and city blocks. Finally, the resulting polygons are
lifted using three different rules (flat to a percentile height, ver-
tices to a generated TIN, and vertices + interior points to the
TIN), which are customisable and automatically set the heights
according to statistical measures that are computed with the
available elevation data sets (a DTM and a DSM).

This methodology has been implemented (Section 4) and tested
in an area of central Mexico City that combines a mix of varied
buildings from detached homes to skyscrapers and incorporates
a variety of land uses (including green areas and water bodies)
and significantly changing elevations. Preliminary results (Sec-
tion 5) show that while not all buildings can be detected, the
newly created building footprints are often more accurate than
those available in the open footprint data sets from Microsoft
and Google. Also, unlike the latter datasets, our methodology
is able to create non-rectilinear building footprints. Since these
buildings are frequently city landmarks, it results in 3D city
models that are also clearly distinguishable.

2. Available datasets, their characteristics and their issues

As mentioned in the introduction, both 2D topographic datasets
and an elevation datasets are available in Mexico. However,
there are significant issues with respect to their available fea-
tures, coverage and resolution.

2.1 2D topography

At the national level, the National Institute of Statistics and
Geography (INEGI)® provides different relevant datasets re-
lated to topography. Among these, the likely best source is
the 1:50 000 vector topographic dataset (Figure 2), which con-
tains several useful polygonal datasets, including some land
use types (e.g. school, recreational/sport, public area, rail-
way station), water-related features (e.g. water bodies, canals
and ponds) and city blocks (i.e. a buildable area that is usually
surrounded by roads)—a fundamental unit of urban structure
known as manzana in Spanish. However, roads and railways
are only represented as centre lines and building footprints are
not available, which means that the most important classes for
a 3D city model are missing in areal form.

Since cadastral data in Mexico is managed at the state level and
the built area of the buildings in each plot is often used for the
calculation of property taxes, it could be expected that building
footprints would be available from local governments. How-
ever, even in the cases where building footprints are clearly re-
corded (Figure 3), they are not publicly available for download.

Alternatively, in the specific case o f building f ootprints, it is
possible to obtain them from some global datasets, such as the
Microsoft GlobalMLBuildingFootprints dataset’, which covers
part of Mexico, or Google’s Open Buildings dataset® (Sirko et

3
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5 https://github.com/microsoft/
GlobalMLBuildingFootprints/
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Figure 2. Some of the topographic features available in the 1:50
000 vector topographic dataset from INEGI: city blocks
(yellow), roads (red lines), public areas (green), water bodies
and canals (blue).

002,

Figure 3. Building footprints are visible in the Mexico City
Open GIS*but they are not available for download.

This contribution has been peer-reviewed.
https://doi.org/10.5194/isprs-archives-XLVI11-3-W4-2025-3-2026 | © Author(s) 2026. CC BY 4.0 License. 4



https://www.inegi.org.mx
https://sig.cdmx.gob.mx/sig_cdmx/
https://github.com/microsoft/GlobalMLBuildingFootprints/
https://github.com/microsoft/GlobalMLBuildingFootprints/
https://sites.research.google/gr/open-buildings/

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-3/W4-2025
Conference on Geoinformation 2025, 24—-28 November, Mérida, Yucatan, México

al., 2021), which covers all of Mexico (Figure 4). However,
our initial tests show that these building footprints are quite ac-
curate for isolated buildings in more rural or suburban settings,
but they do not fit real-world buildings well when buildings are
closely-spaced in denser urban areas.

(b)

Figure 4. (a) The Microsoft building footprints dataset
systematically undersegments dense built-up areas, often
resulting in entire blocks merged into one polygon. (b) Google
seems to do better at capturing more buildings, but (c) it actually
oversegments the data, creating new polygons for smaller
rooftop features and for clearly non-existing buildings. The
colours in Google’s data represent the confidence value stored in
the dataset (green > 0.75, 0.75 > yellow > 0.7, 0.7 > red).
Note that both datasets have spurious buildings, including in
roads, and do not support non-rectilinear buildings.

Finally, an interesting alternative for the Mexican case is to take
advantage of the high-resolution elevation data that is openly
available from INEGI for some areas in Mexico (see the fol-
lowing section), which can be used to extract buildings by as-
suming that these have significantly different roof heights or a
separation of at least one pixel (i.e. 1.5 metres if high-resolution
data is available).

2.2 Elevation

INEGI also provides various elevation datasets, including a na-
tionwide digital terrain model (DTM) with 15-metre resolution,

as well as higher resolution DTMs and digital surface models
(DSMs) that are available in certain parts of the country’. In
the context of 3D city models, the latter datasets are the most
interesting, since these are the models in which the elevation of
building roofs, road surfaces and the top of other features (e.g.
tree canopies) can be distinguished—at least when these do not
overlap each other. However, it is worth noting that while it is
not tested in this article, the lower-resolution 15-metre dataset
should still be usable to generate country-wide 3D geometries
for most features with the notable exception of buildings.

The high-resolution DSMs from INEGI are all raster models but
come in different forms: mostly older 5-metre resolution mod-
els with wider coverage (about a third of the country), newer
1.5-metre models only in and around some bigger cities, and a
mix of other models derived from specific projects (e.g. 2.5-
metre data in the Tren Maya region). These datasets are ac-
quired through a mix of methods: photogrammetry from satel-
lite and aerial imagery as well as LiDAR surveys. Buildings
that are wider than the resolution of these datasets can usually
be seen in these DSMs (Figure 5), but artefacts are sometimes
present (e.g. the sides of tall buildings being visible) and the
features in the DSMs are not always sharp, particularly when
the data is generated from satellite imagery.

Figure 5. Individual buildings can be clearly seen in the
1.5-meter DSM from INEGI

In addition to the INEGI data, there are other datasets that could
be used for the elevation information, e.g. the ALOS Global
Digital Surface Model® (Takaku et al., 2014) at 30-meter res-
olution. However, we are not aware of any other open datasets
that are available in Mexico and which have a higher resolution
than the INEGI data.

3. Methodology

3.1 Generation of road, railway and water stream poly-
gons

We first compute a Boolean set union of some of the areal types
present in the 1:50 000 vector topographic dataset from INEGI.
Mainly, this includes city blocks, but also other types which
are not always covered by the city blocks, including the land
use and water-related features mentioned previously. After this

7 https://www.arcgis.com/apps/mapviewer/index.html]?
webmap=b593168ba9784bbc9dd4b909407¢559a

8 https://www.eorc.jaxa.jp/ALOS/en/dataset/aw3d30/
aw3d30_e.htm
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process, most of the areas not covered are roads, with the re-
mainder being railways (apart from station areas) and smaller
water streams. These remaining areas can therefore be extrac-
ted as a Boolean set complement, or alternatively by subtracting
individual areal types from a particular study area (e.g. a tile of
the INEGI data).

Finally, since these roads, railways and water streams (corri-
entes de agua) are modelled as lines in the INEGI data, the
remaining areas can be classified by proximity to these lines,
which also makes it possible to assign the semantics present in
the linear data to the newly created areas. Alternatively, as a
first approximation which is accurate in many areas, it is also
possible to simply consider all the areas left as roads.

3.2 Generation of building footprint polygons

The first step is to subtract the DTM from the DSM, resulting
in a map that contains only the height of the objects in it. Then,
we use the newly computed polygons from the previous step
(roads, railways and water streams), as well as the feature types
from the INEGI data where buildings should not be present (e.g.
green areas and water bodies) to mark all these areas with the
NODATA value of the raster. This is done to avoid generating
buildings in these areas, since it is sometimes difficult to distin-
guish buildings from tree canopies.

Next, we use a region-growing-like algorithm that starts from
seed points in this raster and grows them to complete build-
ing footprints. For this, we use all points in the raster with a
height of at least 10 metres. This parameter is set somewhat
arbitrarily at a value where we consider that points are more
likely to represent building roofs than tree canopies. However,
this parameter should be fine-tuned based on the vegetation and
building heights in the study area. Higher values will gener-
ate fewer incorrect footprints from tall vegetation but will also
miss shorter buildings, whereas lower values will include more
building footprints but also more false footprints from vegeta-
tion.

Starting from these points, the growing condition considers that
pixels are 4-connected and has two height difference tolerance
thresholds to stop the region growth. For buildings taller than
100 meters, a height difference between neighbouring pixels of
15 metres is allowed in order to capture steeply inclined fagades
and building spires. Since such high-rise buildings are always
separated by a few pixels, such a high threshold is not a problem
and does not result in merged buildings. For shorter buildings,
which often have no discernible separation between them, the
height difference is reduced to 0.75 metres (equivalent to a 1/2
gradient) in order to avoid merging adjacent buildings whenever
possible.

In order to get rid of spurious buildings and artefacts in the ori-
ginal data, we only keep the polygons with an area of at least
45 pixels (about 100 m?). The outlines of these buildings are
generated (polygonised), and are then simplified using the Vis-
valingam—Whyatt algorithm (Visvalingam and Whyatt, 1993)
with a tolerance of 3 meters (i.e. 2 pixels), which removes the
staircase effect caused by the raster input. A sample of the res-
ulting building footprints generated can be seen in Figure 6.

3.3 Data preprocessing

To prepare the data for lifting, we apply two main preprocessing
steps. For the vector data, all polygons are repaired and triangu-

Figure 6. The building footprints that were created using the
INEGI data. By taking advantage of the DSM data and not
enforcing strict rectilinear polygons, the method creates
reasonably accurate building footprints for complex buildings.

lated using the method in Ledoux et al. (2014), which is avail-
able in the CGAL Polygon repair package’. In brief, it consists
of a constrained Delaunay triangulation of the polygon’s edges,
which is then followed by a labelling of exterior/interior tri-
angles using an odd-even counting mechanism. The triangles
that are marked as interior are those that are part of the polygon
and will be used for subsequent processing.

Since the elevation models’ resolution is relatively high, we also
create a simplified DTM stored as a TIN using points every 30
metres on a grid. For each point along the 30-metre grid, the
DTM points within 120 meters are obtained and the elevation
of the point is set to their average. This TIN can be used to
add details to certain feature types (e.g. vegetation height in
plant cover areas) without significantly increasing the size of
the model.

3.4 Polygon lifting

For the polygon lifting, we start from the road and building foot-
print polygons generated in the previous steps, as well as other
polygons directly obtained from the INEGI data (plant cover
from public areas, water bodies and terrain from city blocks).
These are shown in Figure 7.

Figure 7. The polygons that are lifted: roads, building footprints,
plant cover, water bodies and terrain.

These polygons are lifted according to three rules:

Flat polygon lifting Each building footprint is lifted uni-
formly to the same height, which is computed as the 90th
percentile value of all the DSM points that are inside the
polygon. This is done to obtain something close to the
maximum height of a building but avoiding outliers in the
DSM data.

9 https://doc.cgal.org/latest/Polygon_repair/index.html
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Vertices lifting The vertices of the road, water body and ter-
rain polygons are lifted to their level in the DTM TIN.

Vertices lifting with additional points The vertices of the
plant cover polygons are lifted to their level in the DTM
TIN, and the TIN points that fall inside the polygons are
also added. This involves retriangulating the interior of
the polygon using a constrained Delaunay triangulation in
a 2D XY projection of the polygon.

After the polygons are lifted, vertical surfaces are generated to
close the gaps between the differently lifted polygons. In prac-
tice, this is mostly for the buildings’ walls, but it could also be
done to other feature types when these are lifted to a flat height.
For instance, this could be done with water bodies (to a low
percentile value).

3.5 CityJSON and OBJ output

Finally, the lifted polygons are written as a 3D city model in
two forms:

e Wavefront OBJ models for easy visualisation in any 3D
graphics software, or alternatively in the built-in view-
ers available in both Windows and macOS. The simpli-
fied DTM can also be written in this way for debugging or
parameter optimisation purposes. A material definition file
is used to provide intuitive colours for the different feature

types.

e CityJSON (Ledoux et al., 2019) models with the semantics
for each object, which are mapped to the Building, Road,
PlantCover and WaterBody classes. The buildings cor-
respond to LoD1 in the CityGML data model (Kolbe et
al., 2021) and also have semantic surfaces (RoofSurface,
WallSurface and GroundSurface).

4. Implementation

The methodology was implemented with a variety of scripts
in Python and C++, as well as using existing functionality in
QQGIS. The scripts that were developed have been made avail-
able at https://github.com/kenohori/3dcm-mexico. In
particular:

e The Python script buildinggrower.py implements the
region-growing algorithm starting from the DSM-DTM
grid where the classes in which buildings are not expec-
ted are set to NODATA (or to a very low value). Raster
input/output is implemented with Rasterio!°.

e The C++ code inside the elevadormx folder implements
the DTM simplification, the polygon lifting algorithms and
the creation of the CityJSON and OBJ output models. In-
put/output is handled with GDAL!!, most geometric op-
erations with the help of CGAL!'? and JSON output with
Niels Lohmann’s JSON for Modern C++ library'®. The
code is partly based on that of a previous research pro-
ject to generate 3D city models from UK Ordnance Sur-
vey data'®, which is itself inspired by the methodologies

10 https://rasterio.readthedocs.io/en/stable/ ! https://
gdal.org/en/stable/

12 https://www.cgal.org

13 https://json.nlohmann.me

14 https://github.com/kenohori/elevador

in 3dfier’® (Ledoux et al., 2021) and City4CFD (Paden et
al., 2022, 2024).

e Other operations, such as the Boolean set computations,
the conversion from labelled rasters to building footprint
polygons and the polygon simplification were made dir-
ectly in QGIS'®.

5. Testing and results

The methodology has been tested in tile E14A39b3, which cor-
responds to central-western Mexico City (Figure 8). This tile
has been chosen because it has a good mix of buildings that in-
clude detached homes, apartment buildings and high-rise office
buildings with a variety of typologies and architectural styles.
The tile also incorporates a variety of land uses (including large
green areas and smaller water bodies), as well as changing el-
evations with both more centrally-located hills and ravines to
the west. Finally, the tile includes some of the best known
landmarks of Mexico City, which is useful to intuitively check
whether these are recognisable in the generated 3D city model.

(b)

Figure 8. (a) A view of the 3D city model created using our
methodology and (b) a similar view using the recently released
detailed map data in Apple Maps for comparison. Note the
similarities in the most distinctive buildings and the road areas.
Apple Maps does not use relief within the map, even in the 3D
view.

Lacking ground truth data that can be used for quantitative test-
ing, we can analyse some of the qualities of the 3D city model
created using the methodology presented here. Among the pos-
itive aspects, we can highlight the following:

135 https://tudelft3d.github.io/3dfier/
16 https://qgis.org
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e Most of the landmark buildings are clearly visible and re-
cognisable. Since their heights are derived from the DSM,
they are also accurate. The heights of well-known build-
ings also match those found online.

e The road polygons created are quite accurate, both in terms
of their placement on the map and in terms of their width.
Road hierarchies can be clearly discerned by the different
road widths.

e The building footprints generated are also quite accur-
ate, and outperform those available from the open build-
ing footprint datasets from Microsoft and Google in the
study area. Most large buildings are captured, including
non rectilinear ones, the over- and undersegmentation in
these datasets is not present, and buildings on forbidden
areas (e.g. roads) can be easily avoided.

Similarly, some of the negative aspects are the following:

e The method is not able to generate building footprints for a
significant number of buildings (roughly 30%). These con-
sist of smaller buildings that cannot be easily recognised
in the DSM, buildings in areas that were not considered by
the algorithm (e.g. green areas), and some buildings with
uncommon architectural styles that have greater height dif-
ferences between pixels than those set in the algorithm
parameters.

e Tall (>10 m) uniform vegetation in areas that are not elim-
inated from the building footprint generation algorithm are
recognised as buildings (Figure 9a).

o Terrace-shaped buildings with different parts at very dif-
ferent heights are recognised as different buildings (Fig-
ure 9b), whereas adjacent buildings of the same height are
merged.

e 3D road structures (e.g. overpasses and highway inter-
changes) are not modelled by the method, which sets all
roads at the (simplified) DTM height.

6. Conclusions

In this paper, we have presented a novel methodology to create
3D city models for Mexican cities using solely the open data
available from INEGI. The methodology involves several new
aspects not previously tackled by other methodologies and is
specifically designed around the particularities of Mexican data,
including the generation of building footprints and road poly-
gons. While still at an early development stage, the footprint
generation method is already able to outperform the building
footprint datasets from Microsoft and Google for dense urban
areas. The road polygons and building heights are also accur-
ately derived from the source data.

The work conducted for this paper was constrained by time lim-
its and can be extended in different directions. Future work
can include conducting tests in other areas, fine-tuning the dif-
ferent generation parameters (percentiles, minimum areas and
heights, maximum height differences), applying the polygon
lifting algorithms differently, creating 3D road structures and
using a more sophisticated DTM TIN simplification method.
In particular, using a more sophisticated algorithm to identify
the buildings in the DSM data should yield significant benefits.

s -, ~ s
i v .
- “'-"" yl g

iy

(b)

Figure 9. Some of the issues present in the generated 3D city
model: (a) spurious buildings from vegetation around the
National Museum of Anthropology and (b) the terraced
architecture of the World Trade Center recognised as multiple
buildings.

While the aggressive rectilinear regularisation in the Microsoft
and Google datasets is not advisable, a more flexible rectilinear
optimisation approach could also improve the footprint geomet-
ries.
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