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In recent years, the exponential growth of Earth observation data has posed significant challenges and
opportunities for geospatial analysis and environmental monitoring. Traditional methods of processing
and analysing this data often fall short in handling the sheer volume and complexity involved. This has
led to the emergence of innovative tools and platforms like ArcGIS platform, Google Earth Engine, and
Open Data Cube, which are designed to leverage advanced machine learning techniques and scalable
data infrastructures. These platforms not only facilitate the storage and access of vast datasets but also
enable sophisticated analysis that was previously unattainable. By integrating machine learning
capabilities, these tools can be used in robust solutions for complex environmental issues, allowing
accurate and timely insights into phenomena such as climate change, deforestation, urbanisation, and
notably, shoreline extraction.
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Introduction

In recent years, the exponential growth of Earth observation data has posed significant challenges and
opportunities for geospatial analysis and environmental monitoring. Traditional methods of processing
and analysing this data often fall short in handling the sheer volume and complexity involved. This has
led to the emergence of innovative tools and platforms like ArcGIS platform, Google Earth Engine, and
Open Data Cube, which are designed to leverage advanced machine learning techniques and scalable
data infrastructures. These platforms not only facilitate the storage and access of vast datasets but also
enable sophisticated analysis that was previously unattainable. By integrating machine learning
capabilities, these tools can be used in robust solutions for complex environmental issues, allowing
accurate and timely insights into phenomena such as climate change, deforestation, urbanisation, and
notably, shoreline extraction (Okhrimchuk R. et al., 2022). The purpose of this study is to explore the
unique strengths of ArcGIS Platform, Google Earth Engine, and Open Data Cube in the context of Earth
science, with a particular focus on advancing the processing and analysis of big Earth observation data
for effective shoreline monitoring and extraction.

Technology solutions

Scalable and efficient technological solutions are essential for managing and processing vast amounts of
geospatial data. The capabilities of ArcGIS platform, Google Earth Engine (GEE), and Open Data Cube
(ODC) position them as robust platforms for storing, managing, and analysing image datasets, with a
particular focus on their applications in machine learning for tasks such as shoreline segmentation.

ArcGIS platform

The ArcGIS platform is a comprehensive suite for geographic information systems (GIS), with core
components ArcGIS Server and ArcGIS Pro providing essential functionality for geospatial data
management (GIS Server, 2024). ArcGIS Server is a powerful software platform that hosts various GIS
services, serving as access points to geospatial resources. These services manage user interactions by
processing requests on the server. The image service feature is particularly notable for offering both
cached and dynamic options for storing, analysing, and publishing geospatial imagery, including
specialised data types like LIDAR and SAR. Image services can originate from sources such as raster
datasets (from a geodatabase or file system), mosaic datasets, or layer files referencing raster datasets.
They enable sharing of raster datasets or layers with on-the-fly processing elements like symbology or
raster functions, without requiring additional extensions. When an ArcGIS Image Server is requested,
the server’s response is often cached by the browser, optimising performance. Integration between
ArcGIS Pro and ArcGIS Server simplifies the management and sharing of geospatial data. ArcGIS Pro
allows users to publish raster datasets as web imagery layers to ArcGIS Enterprise, making the dataset
and its metadata readily accessible for efficient visualisation and integration across platforms.

While ArcGIS Server manages and serves datasets, geocoding operations and advanced analyses
involving machine learning and deep learning are typically performed within ArcGIS Pro. For example,
ArcGIS Pro facilitates the automatic application of models such as ISODATA for image datasets
(Lemenkova, Polina, 2021), using either the toolbox or custom Python scripts. Additionally, other ML
techniques like K-means clustering and deep learning methods, including convolutional neural
networks, can be seamlessly integrated and applied within the ArcGIS Python environment.
Furthermore, tools for shoreline detection and analysis enable precise mapping and monitoring of
coastal features. However, it is important to note that ArcGIS Pro is licensed software, and its use
requires payment, which may be a consideration for some users.

Google Earth Engine
Google Earth Engine (GEE) is a cloud-based platform for remote sensing that offers extensive access

to image data, along with capabilities for image processing, statistical analysis, and mapping. GEE
boasts an extensive data catalogue that includes petabytes of publicly available remote sensing data,
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such as Landsat, Sentinel, and MODIS. A significant benefit of GEE is its ability to process and analyse
this vast amount of data in the cloud, eliminating the need for local storage or downloads. Designed on
top of Google's robust tools and services, the platform facilitates computations on a massive scale. The
platform and API simplify the process of conducting large-scale geospatial analyses by abstracting the
complexities of the underlying parallel-processing infrastructure (Google Earth Engine, 2024).

Google Earth Engine’s integration with Python and its API supports deep learning applications, such as
analysing shoreline destruction with remote sensing imagery. Despite its limitations in performing heavy
computations directly within the cloud, GEE remains impactful in deep learning. While traditional methods
involve manual image downloads, GEE’s automated extraction for water bodies simplifies data acquisition
and eliminates redundant operations. This enables batch processing of cloud-free images and accelerates
model deployment. By automating model parsing and integrating local architectures, GEE significantly
improves the efficiency of deep learning model deployment (Kai Li et al., 2022).

Open Data Cube

The Open Data Cube (ODC) is an open-source project designed for managing and analysing geospatial
data using Python libraries and a PostgreSQL database. Created to enhance the value of Earth
observation data, ODC fosters an open, community-driven architecture for public benefit, building on
principles from the Australian Geoscience Data Cube (Lewis et al., 2017). Since its launch in early
2017, ODC has advanced open-source tools and algorithms, enabling global stakeholders to leverage
satellite data for policy and decision-making on an unprecedented scale (Dhu et al., 2019). Its open-
source code is available through a cluster of git repositories (Open Data Cube, 2024). The flexibility
and performance of ODC make it particularly effective for machine learning and deep learning tasks,
as demonstrated by its successful use in coastline definition for Australia (Bishop-Taylor et al., 2021).

Results

To effectively manage and analyse large-scale remote sensing data using ODC, a well-defined process is
employed to index and catalogue the data. Figure 1 schematically illustrates the steps for processing raster
dataset metadata in the ODC environment for future spatial analysis. ODC can index data stored on a local
file system or in the cloud. To represent the indexed data in its catalogue, ODC uses the concepts of "product”
and "dataset.” The product definition outlines how the dataset should be represented and provides guidelines
for loading it into the ODC, along with basic metadata about the product.
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Figure 1 Workflow diagram for managing geospatial metadata in the ODC environment

The metadata section of the product definition automatically matches the product to the dataset,
including key details such as data measurements, platform and sensor names, geospatial extents,
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coordinate systems, acquisition time, and provenance. ODC supports automatic indexing of product
metadata, which is structured as a SpatioTemporal Asset Catalog (STAC). The list includes the
following datasets: Landsat 4-9, Sentinel-1-2, and others. As a rule, the rasters of these datasets are
stored on AWS S3 buckets. Therefore, processing costs are limited to AWS data transfer rates, while
accessing public datasets like Sentinel-2 is entirely free. In addition, ODC allows you to process custom
raster datasets stored locally by creating metadata that describes the product and its datasets. Figure 2
illustrates the data acquisition process within an ODC environment.
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Figure 2 Workflow for querying and loading multidimensional geodata in the Open Data Cube
environment

To obtain multidimensional geospatial data, users must create a query specifying parameters such as
the time frame, boundary coordinates of the interest polygon, selected channels, spatial resolution, and
output coordinate system. Data can also be refined using optional parameters; for instance, the Sentinel-
2 product includes a cloud coverage parameter, which effectively aids in data selection. If the parameter
dask chunk size is specified, it is possible to get an xr.Dataset that will be loaded in a lazy load way.
The use of dask chunks allows you to split a big multi-dimensional dataset into small pieces. Dask is
an open-source Python library for parallel computing that speeds up data processing in the ODC
environment. It also allows user to create a task graph and execute tasks by using trigger functions such
as compute, persist, and others. Activation of the following functions starts the process of physical
loading of raster data. Result of the loading of multidimensional data represents Figure 3.
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Figure 3 Sentinel-2 images for a

selected polygon for July from 2017 to 2024 with the Iowesf cloud cover.
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As a result of the loading of multidimensional geodata in the ODC environment, Figure 3 illustrates the
visualisation of Sentinel-2 images acquired over the past 8 years with the lowest cloud cover. The top row
presents an RGB composite as it would be seen naturally by humans, and the subsequent rows show the
computed NDWI, MNDWI, and NDVI indices. This extended time series of high-resolution imagery
demonstrates ODC's powerful capabilities for managing and analysing large-scale geospatial datasets.

Conclusions

Leveraging ArcGIS Server, Google Earth Engine, and Open Data Cube platforms enhances the ability
to conduct large-scale analyses, facilitates the deployment of deep learning models, and improves the
management of large Earth observation datasets. ArcGIS Server offers robust data management and
visualisation capabilities within strong integration with other ArcGIS tools, but it requires licensing and
can be costly. Without need to download it manually Google Earth Engine (GEE) provides an extensive
catalogue of remote sensing data and offers cloud-based processing capabilities for large datasets.
Integration with Python, whether via APl or directly within the platform environment, is a key
advantage of all these platforms. By organising data into a structured "data cube,” ODC uses Python to
simplify the retrieval and processing of extensive time-series data, such as Sentinel-2 images for a
selected polygon from July 2017 to 2024. This approach facilitates the batch processing of calculated
indices, including NDWI, MNDWI, and NDVI. By utilising ODC's organised data management and
processing features, future efforts can concentrate on designing and implementing sophisticated deep
learning models (Okhrimchuk, R. et al., 2024) to automate and improve shoreline extraction techniques.
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