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ABSTRACT:

This paper describes the development of a web application to facilitate the management and processing of geoid models in the ISG
collection as well as of additional information available in the ISG website (mainly projects, services and publications). The ISG
service pays significant attention to metadata and data interoperability from published geoid models. As a result, the possibility of
creating a database with all necessary information for describing geoid models has been considered. PostgreSQL was chosen as the
database for the implementation to take advantage of PostGIS geographic processing functions for developing a Database Management
System for the resources available inside the ISG service catalogue (including geoid products, software, publications, etc.). The
project's web development environment is Django, a web framework which is supported by the PostgreSQL database back-end and
which makes it easier to integrate new applications or processing services into the website. A model solution for raster data integration
using a PostGIS database back-end named Django-raster has also been investigated as part of the implementation, provided also that
it is possible to take advantage of the vast Django community. The Django-raster model allows for the storage of datasets as tiles in
the database, their exposure as a Tiled Map Services (TMS), and allows as well raster map algebra operations. TMS services will be

utilized to share the geoid models and metadata included in the open access archive using a WebGlIS, created with OpenLayers.

1. INTRODUCTION

Open accessibility to geoid models can encourage their use in
multiple research fields such as geodynamics, geophysics,
oceanography, and other climate-related studies. The
International Service for the Geoid (ISG,
https://www.isgeoid.polimi.it/), which is part of the International
Association of Geodesy (IAG), has collected a large archive of
local and regional geoid models worldwide from the Geodesy
researchers’ community (Reguzzoni et al., 2021).

Large attention is dedicated internationally to the open sharing of
geodetic data with specific attention to metadata and
documentation (Homburg et al., 2019; Izdebski et al., 2021). In
particular, other services of IAG share details on how they store
data and metadata, such as ICGEM (International Centre for
Global Earth Models, Ince et al., 2019) or IGFS (The
International Gravity Field Service, Vergos et al., 2019). This
works presents the design and implementation of a geodatabase
and a web application for the dissemination of the geoid models
for ISG, exploiting Free and Open-Source Software (FOSS) for
an effective storage, management and publication of the data.
The Object-Relational Database System PostgreSQL (Group
PostgreSQL Global Development, 2022) has been selected to
serve as the database back-end, to allow the management of
geospatial components with the PostGIS (PostGIS 3.0.6dev
Manual, 2021) extension. For an effective integration of the ISG
website and considering the web services which have already
been implemented within the 1SG website using a python
environment, Django (Django Software Foundation, 2021) has
been selected as the web-framework for generating the pages and
to provide a web-dashboard to update and manage the website.
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The database has been designed to be integrated as well with a
WebGIS and with web-based applications for data extraction and
statistics computation to enrich and improve the interoperability
of the ISG Website (https://www.isgeoid.polimi.it/). Aligned
with the interests of the ISG, this work aims at identifying the
current matters and possible implementations for the
management of data, metadata, computations from 1SG web
services as well as additional information, by means of a database
management system.

2. GEOID OPEN DATA ACCESS
2.1 Local geoid models

Geoid models provide information on the geoid undulation, i.e.
the separation between the ellipsoidal height, corresponding to a
specific datum (e.g. WGS84), and the orthometric height, which
is referred to the mean sea level in ideal conditions (which can be
materialised with tide gauges) and is physically related to the
Earth gravity field (Heiskanen and Moritz, 1967). As it is well
known, the ellipsoidal height is provided by GPS (Global
Positioning System) based tools, however, for engineering design
it is necessary to refer to the orthometric heights in order to take
into account the physical behaviour of the objects on the Earth
(e.g. to know the direction of water flow). The availability of the
geoid undulation allows to measure ellipsoidal heights with a
GPS and to compute from it the orthometric height. This
represents one of the main applications of the use of geoid
models, which can be much wider, including applications in
geophysics and oceanography, e.g. to estimate the behaviour of
geostrophic currents. Geoid models can be estimated at global
level, starting from global databases of gravity measures, with
limited resolution ranging approximately from 100 km to 10 km
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at medium latitude (Heiskanen and Moritz, 1967; Ince et al.,
2019). There is a specific service of IAG, ICGEM (Ince et al.,
2019), which is devoted to collection, storage and sharing of
global geoid models. To increase the level of detail of the
knowledge of the geoid undulation, local geoid models are
computed, based on the availability of local databases of gravity
data, usually coupled with GPS/levelling data (networks of points
measured with GPS as well as with spirit levelling, to obtain both
ellipsoidal and orthometric height). ISG service of IAG is
devoted to the collection and sharing of local geoid models,
providing support to researchers and engineers who need access
to detailed information about the geoid undulation.

2.2 1SG geoid collection

The ISG archive currently stores 255 geoid models. The model
acquisition is continuous work in progress: data are collected
after the spontaneous offer by the authors of the computation of
the local solution, or after directly contacting the authors to offer
them the possibility to store their data at ISG. The geoid models
can be archived at 1ISG with different policies: they can be
publicly available, in this case they can be directly downloaded
from the website (https://www.isgeoid.polimi.it/), or they can be
available upon a request which is addressed to the geoid author,
or they can be private, so not accessible to users. Since 2020, the
geoid models are being progressively provided with a DOI for
permanent and unique indexing and reference and to allow also
the direct citation of the products (Reguzzoni et al., 2021). Geoid
models indexed with DOIs are hosted at GFZ (German Research
Centre for Geosciences https://www.gfz-potsdam.de/en/home/),
with which a cooperation agreement has been established. At the
time of the production of this paper, more than 45 models have
already been assigned with a DOI. The archived data are
provided as well with a Web of Science ID, Clarivate’s Data
Citation Index™
(https://clarivate.com/webofsciencegroup/solutions/
webofscience-data-citation-index/).

Through the 1SG website, the metadata of the geoid models are
exposed: Figure 1 shows an example.

Alaska (GEOID99)

Figure 1. Overview of the products metadata for Alaska

Metadata include: the geoid name, its code, the list of authors, the
type of access (public, on-demand, or private), a short description
of the model characteristics (such as the area of interest, the
resolution, the technique used for its computation,...), a reference

paper, if available, the DOI, if available, the Web of Science ID,
the links to access the data, if available, and the contact of the
author and a static figure showing a map of the local geoid.

The models are stored in the ISG format (with extension .isg,
Reguzzoni et al., 2021), as well as in the original format provided
by the authors. The ISG format, coded with ASCII characters,
includes a header to archive metadata.

2.3 ISG website

The ISG website is devoted not only to the exposure and sharing
of geoid models, but also to show pieces of information related
to ISG activities and publications. In the following, the main
sections of the website are listed, because the database structure
discussed in this paper includes those components as well.

The main goal of ISG is to collect and share local geoid models,
therefore, one section is dedicated to show the list and map of
available models, as well as thier metadata, as introduced in the
previous section.

A website section is dedicated to projects in which ISG is
involved or which share their results through ISG, like the
Colorado experiment (Wang et al., 2021).

ISG has an educational role, with respect to geoid computation.
Since 1994, Geoid Schools have been organised to teach the
theory and the processing chain, with different techniques, to
obtain geoid undulation. Pieces of information regarding the
Schools, past and future, are shared through the website.

In addition, open software related to geoid computation as well
as 1SG publications are shared.

Recently, a height conversion tool has been implemented to allow
to obtain ellipsoidal heights from orthometric ones or vice versa
on given coordinates, after interpolation of the geoid models
available at ISG.

Currently, the I1SG front-end components are based on HTML
and JavaScript files. Data are stored as single files and are
accessed directly from the HTML pages.

The height conversion web service is built as a back-end
component, which allows the front-end user to execute
computations from the server side. For this purpose, Django, a
high-level Python web framework was used for the development
of a REST API (Representational State Transfer Application
Programming Interface), enabling calculation on a python
environment. All requests, from front-end to back-end, are
submitted using the HTTP POST method, and send a response as
a JSON file with the processing outputs. Considering the current
developments from the web services, this work proposes the use
of the existing Django application to create the needed models,
views, and templates, to manage the website from a dashboard
interacting with a database.

3. ISG WEBSITE DESIGN

This section introduces the design for updating the 1ISG website,
presenting the structure and technologies focused on facilitating
the management and update of the website contents, as well as
the storage of the resources archived within the website,
including the ISG’s catalogue of geoid models. The technologies
allow the integration of the existing (and under development)
processing services, taking into account potential developments
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regarding the implementation of new processing services, as well
as the incorporation of a WebGIS for the exposure of the geoid
models.

3.1 Database design

The database design considers both the georeferenced data
corresponding to the geoid models as well as other information
and services available on the ISG website. Here, the design of the
Database Managements System (DBMS) to support the ISG
website is presented.

On the one hand, we have the storage of data regarding the
templates designed for the website, each of these templates are
devoted to build its corresponding component page within the
website structure presented in Figure 2. In this case, the different
pieces of information to be found inside of the website will be
stored as independent tables in the database matching its
component (for example, section name, description, products,
files, etc.).

ISG Reports

Presentation Experiments ‘

News Geoid Repository

Height Conversion

Projects Service

185G

Services Software Download

Newton's Bullefin Schools ‘

Contacts IGES Bulletin's
Archive

Other Publications

Figure 2. Website structure of the ISG.

There are two main benefits of this implementation within the
database. The first, is the possibility of using the data stored to
build the website taking advantage of a web framework, and
possibly using an interactive dashboard for the update of its
components, avoiding the need of editing HTML static pages.
The database will allow to map all resources (including geoid
models, metadata, archived software and archived documents)
inside the file system, with direct access to their path.

On the other hand, the database design highly concerns about the
efficient management of the geoid models. For this reason, this
work presents the use of a database with extended capabilities on
the support of spatial data types to store both geoid models and
metadata. In addition, considering that the geoid products are
made available through different formats, all of them will be
accessible through the database inside the file system. The task
of mapping the paths into the file system is relevant for the
possibility of keeping track of versioning of the different
products and available formats.

The management of the spatial data is possible thanks to the
Object-Relational Database Management System (ODBMS) of
PostgreSQL (PostgreSQL License)(Group PostgreSQL Global
Development, 2022) using the PostGIS (General Public license)
(PostGIS 3.0.6dev Manual, 2021) spatial extension. PostgreSQL
and PostGIS, are an open source spatial database implementation

which has been exploited in different earth science applications
(Swain et al., 2015). The spatial extension adds spatial data types
to the ODBMS such as raster, geometry, and geography, along
with functions for the processing to the GIS objects and
coordinates transformation. Also, it provides extensive
implementation of OGC standards (Swain et al., 2016).

PostGIS will enable the input of a geoid product provided with
the following data and ancillary data into the database:

Name of the model

Year of computation

Type of the model: gravimetric, geometric, or hybrid
Classification: geoid and quasi-geoid

Data representation: sparse or gridded, and if gridded
the ordering of the data

Reference ellipsoid and datum, the reference frame,
and the tidal system

Coordinate Reference System

Units of the undulation data and of the coordinates.
Geoid Product

Version

Profiting from the use of PostgreSQL and PostGIS, it is possible
to store the georeferenced product using the raster data type
implemented within PostGIS and enable the development of new
processing services using the raster functions available for that
data type.

3.2 Web framework implementation

In order to exploit the use of a database for the management of
the contents and resources made available by ISG, a Django
back-end implementation has been chosen to build the website.

Django is a popular, Python-based, web framework that
simplifies the web applications development through a structured
software architectural pattern (Django Software Foundation,
2021). The three components of a Django app can be described
as: Model, to manage the components for the application; Views;
to structure and style the user interface and web client pages;
Controllers, to setup the logic and behaviour of the application.
In this case, the ingestion of the contents of the website and
different resources is achieved by the implementation of different
models. Following the website structure presented in Figure 2, it
is considered to implement different models for each website
section and subsection. Then, each of the dedicated database
tables, which have been produced for storing the information for
each section of the website, will be used for rendering the
templates design for recreating the website.

Django covers many of the web framework best practices such
as, Internationalization, Forms Validations, AJAX support, and
Object Relational Mapping, HTML5 Support, between many
others (Salas-Zarate et al., 2015), which makes it a robust tool for
web development. That’s why it is broadly used in geospatial
data management applications (Baranovskiy & Zharikova, 2014;
Evans et al., 2020; Qiao et al., 2019; Tarboton et al., 2014).

Figure 3 shows the architecture of the designed website, which
represents an update with respect to current static HTML version:
the Django framework allows integrating the website contents
and the geoid model repository as a part of the DBMS. Currently,
the website is built upon static HTML pages, and the updating of
the site is time a demanding task. The implementation of Django
will allow to manage the different components through a web-
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client application using the dedicated database of the ISG service.
Figure 4 shows an example for the input form of the web-client
application that will allow the ingestion of data into the database.

Server-side Client-side
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Figure 3. Website designed architecture

The implementation benefits from the Django-Raster library.
This library extends the capabilities of the objects handled by
Django with a model that enables raster data functionalities for
projects taking advantage of the PostGIS database back-end. The
model uses Django’s raster data type RasterField and GDAL
binding through GDALRaster (Wiesmann & Flaxman, 2021).
The model permits the ingestion of raster data, for GDAL
supported raster data formats into the database using the client-
based dashboard as seen in Figure 4. The raster model not only
allows the storage of the datasets as tiles into the database, but
also the use of Tiled Map Services (TMS) and raster map algebra
operations. One of the benefits from the storage of the raster
datasets into the database is the possibility to exploit the raster
functions implemented by PostGIS. In addition, the creation of
the TMS for each of the raster products ingested into the database
allows to visualize the products as georeferenced images using
several web mapping libraries, such as Leaflet or OpenLayers, to
integrate WebGIS components into the website. One limitation
of the Django raster module is that it focuses on single band
rasters, which is the case of geoid models, thus this is not posing
issues for our case. The raster tiles projection is based on the Web
Mercator (EPSG:3857), that is the projection commonly used for
web mapping.

The interactive visualization of the geoid models is based on the
JavaScript web-mapping library of OpenLayers (2-Clause BSD
License). The WebGIS will make use of the TMS served by the
PostGIS back-end implementation for the visualization of the
georeferenced images of the geoids. The implementation aims at
providing the users the possibility to explore the set of products
made available openly by the ISG. OpenLayers permits rendering
maps that allow users to pan, zoom, and select features from a

web page. Following the creation and parsing of a RasterLayer,
the tiles can be accessed by means of a url using the following
structure:

[raster/tiles/layer_id/{z}/{x}/{y}.png

Where, the layer_id corresponds to the primary key for the raster
layer. Such structure permits the use of different web-mapping
applications, like OpenLayers or Leaflet.

Furthermore, the Django-raster model has been customised
considering that for I1SG it is relevant the provision of the data
through standardized data formats compliant to the processing of
geoid products (e.g. ISG data format —.isg), which is why a single
geoid product can be uploaded using different raster data formats
enabling the storage within the database and/or file system.

In the following set of figures, it is possible to explore the custom
Django model for the ingestion of a geoid product into the
implemented database. Figures 4-6 present the Django dashboard
for the customized raster model implementation to upload the
geoid products metadata and raster datasets into the DBMS and
the Geoid Model Repository.

Figure 4 presents the form in which the metadata for a specific
geoid product, namely the one presented in section 3.1 (Database
Design), requesting information such as the Geoid’s name, an
abstract describing the type of the product and computation
method, the datatype (if provided as sparse or grided data), the
corresponding raster file, a source URL (or reference site to the
product, URL or DOI), the coordinate reference system of the
product, reference ellipsoid and datum, the reference frame, and
the tidal system, coordinate Reference System, units of the
undulation data and of the coordinates. The versioning of the
product will be automatically managed by the database
accounting for the existence of a product with the same name of
the geoid. The next step regards the partitioning of the geoid
model into the database as tiles, as seen in Figure 5, the dashboard
will present a log with the status of the partitioning as well as the
number of tiles which have been produced for the ingested
products. Once the raster layer tiling is complete, the “Finished
parsing” message status will be shown and it will be possible to
observe the subsequent piece of information about the layer as
presented in Figure 6. The last section for a raster layer upload
will allow to verify if the layer has been correctly ingested into
the database and to check the provided additional metadata about
the layer concerning the coordinate reference system, number of
bands and additional georeferencing data of the image, metadata
about the contents of the layer including statistics and a sample
of values in the layer, and at last the location of the file within the
file system (in the Geoid Model Repository). Finally, when
confirming that all the data have been filled and correctly read, it
is possible to proceed to save the geoid model.
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Figure 4. Geoid Model — Product Metadata — Add product (1/3)

RASTER LAYER PARSE STATUSS

STATUS TILE LEVELS LoG
GeoCol2004 - Finished parsing
Finished parsing 0,1,2,3,4,56 [2020-02-19 14:29:03] Started parsing raster.

[2020-02-19 14:29:03] Clearing all existing tiles.

[2020-02-19 14:29:03] Finished clearing existing tiles.

[2020-02-19 14:29:03] Extracting metadata from raster.

[2020-02-19 14:29:03] Finished extracting metadata from raster.
[2020-02-19 14:29:03] Transforming raster to SRID 3857

[2020-02-19 14:29:03] Finished transforming raster.

[2020-02-19 14:29:03] Creating 1 tiles in 1 quadrants at zoom 0.
[2020-02-19 14:29:03] Starting tile creation for quadrant 1 at zoom level 0
[2020-02-19 14:29:03] Finished parsing at zoom level 0.

[2020-02-19 14:29:03] Creating 2 tiles in 1 quadrants at zoom 1.
[2020-02-19 14:29:03] Starting tile creation for quadrant 2 at zoom level 1
[2020-02-19 14:29:04] Finished parsing at zoom level 1.

[2020-02-19 14:29:04] Creating 2 tiles in 1 quadrants at zoom 2.
[2020-02-19 14:29:04] Starting tile creation for quadrant 3 at zoom level 2
[2020-02-19 14:29:04] Finished parsing at zoom level 2.

[2020-02-19 14:29:04] Creating 2 tiles in 1 quadrants at zoom 3.
[2020-02-19 14:29:04] Starting tile creation for quadrant 4 at zoom level 3
[2020-02-19 14:29:04] Finished parsing at zoom level 3.

[2020-02-19 14:29:04] Creating 4 tiles in 1 quadrants at zoom 4.
[2020-02-19 14:29:04] Starting tile creation for quadrant 5 at zoom level 4

[2020-02-19 14:29:04] Creating 9 tiles in 1 quadrants at zoom 5.
[2020-02-19 14:29:04] Starting tile creation for quadrant 6 at zoom level 5
[2020-02-19 14:29:05] Finished parsing at zoom level 5.

[2020-02-19 14:29:05] Creating 16 tiles in 1 quadrants at zoom 6.
[2020-02-19 14:29:05] Starting tile creation for quadrant 7 at zoom level 6
[2020-02-19 14:29:06] Finished parsing at zoom level 6.

[2020-02-19 14:29:06] Successfully finished parsing raster

Figure 5. Geoid Model — Model tiling — Add product (2/3)

RASTER LAYER METADATAS

SRID  UPERLEFTX UPERLEFTY WIDTH  HEIGHT  SCALEX SCALEY SKEWX SKEWY NUMBANDS MAX  SRSWKT
200M

GeoCo2004

4326 -80.0000365311005  150000245317726 419 599 0. 00 00 1 5 GEOGCS['WGS 84’ DATUMI'WGS_1984",SPHEROID[ WGS

8476378137,

257223563, Y['EPSG"7030° Y['EPSG"63267]) PRIMEM[ Greenwich’,0 AUTHORITY['EPSG'8901°]L

RASTER LAYER BAND METADATAS

BAND NODATAVALUE MAX  MIN  STD MEAN HIST VALUES

(GeoCor2004 - Min 40.9 - Max 36 55

HIST BINS.

o 1.70141e+38 36.55 -409 16.381278261463 4849685514043 425, 585,929, 1138, 1739, 2840, 3482, 2974, 1911, 1566, 1597, 1573, 1572, 1579, 1531, -41.0,-40.22, -39.44, -38.66, -37.88, -37.1, -36.32, -35.54, -34.76, -33.98, -33.2, -32.42, -31.64, -30.86, -30.08,-29.3,
1411,1415,1463, 1640, 2087, 2788, 2828, 3346, 3565, 3558, 3057, 4618, 3089, 2912, 2064, -28.52,-27.74,-26.96,-26.18, -25.4,-24.62, -23.84,-23.06, -22.28, 72,19.94,-19.16,-18.38,-17.6,-16.82,
3192, 3388, 3558, 3892, 4660, 4679, 5922, 5027, 4928, 5178, 5685, 6936, 7980, 7196, 8878, -16.04,-15.26,-14.48,-13.7,-12.92,-12.14,-11.36,-10.58, -¢ .02, -8.24,-7.46,-6.68,-5.9,-5.12, -4.34,-3.56,-2.78,
9684, 9267, 9006, 8286, 8650, 8492, 7970, 7386, 7802, 8648, 8249, 7970, 6976, 6272, 6301, -2.0,-1.22,-0.439999999999998, 0.340000000000003, 1.12, 1.9, 2.68, 3.46, 4.24, 5.02, 5.8, 6.58, 7.36,8.14,8.92,
6533, 7981, 7949, 7682, 7864, 9134, 12648, 12792, 12424, 12705, 13759, 14600, 11490, 9.7,10.48,11.26,12.04, 12.82,13.6, 14.38, 15.16, 15.94,16.72, 17.5, 18.28, 19.06, 19.84, 20.62, 21.4, 22.18, 22.96,
10953, 9664, 12957, 12756, 12002, 14649, 21557, 22077, 13745, 9492, 5183, 4627, 4244, 23.74,24.52,25.3,26.08, 26,86, 27.64, 28.42, 29.2,29.98, 30.76, 31.54, 32.32, 33.1, 33,88, 34.66, 35.44, 36.22,37.0
3737, 3225, 3095, 3346, 3174, 2377, 1776, 1445, 1097, 776, 654, 650, 323, 40
RO D
RASTERFILE DeLETE?
GecCo2004
rasters/reprojected/tmpOguaéma3.zip
RA R LAYER REPRO D
Saveand add another | Save and continue editing
RASTERFILE
GeoCol2004

rasters/reprojected/tmpOguaéma83.zip

Figure 6. Geoid Model — Save product into DBMS — Add product (3/3)
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4. DISCUSSION

This work presents the implementation of a web application to
ease the management and processing of geoid models available
within the ISG collection as well as the data shared through the
ISG website. The metadata and data interoperability from
published geoid models are given special consideration by the
ISG service. As a result, the creation of a database containing the
necessary data for describing geoid models has been explored.
PostgreSQL was chosen as the database for the implementation
to take advantage of PostGIS geographic processing functions for
designing a Database Management System for the resources
available within the ISG service catalogue (including geoid
products, software, publications, etc.). The PostgreSQL database
back-end supports the Django web framework. The use of
Django as a development environment for the project facilitates
the integration of additional applications, or processing services
into the website. Furthermore, because of the large Django
community, a model implementation for raster data integration
using a PostGIS database back-end called Django-raster has been
considered within the implementation. The raster model allows
not only for the storage of datasets as tiles in the database, but
also for the creation of Tiled Map Services (TMS) and raster map
algebra operations for online maps. WebGIS, designed with
OpenLayers, will be used to visualize the many items contained
in the open access archive using TMS services.

While partitioning the datasets can be a solution for the
management of large raster datasets, the implementation
efficiency can vary depending on the partitioning methods. This
techniques can vary, and in case of PostGIS Raster, there is the
possibility to manage 2D tiles x/y and sets as default a size for
the tiling of 100 x 100 pixels (Baumann et al., 2021). It can be
considered the use of a multi-dimensional array solution for the
management of raster data, especially when the possibility of
presenting the data as an n-Dimensional array (accounting for
multiple versions of the geoids) is relevant for the community.
For this, further studies can explore the use of full-stack Array
Databases implemented from scratch (e.g., rasdaman, SciDB) for
managing data as n-Dimensional arrays, which implement OGC
standards.
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