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Abstract

Reliable satellite navigation in wild and unconstrained environments remains challenging due to signal attenuation, multipath propagation, and
rapidly changing environmental conditions. This deliverable presents the intermediate results within ROBOSAT project about how geographic
information system (GIS) data could be used to enhance the performance, robustness, and interpretability of Global Navigation Satellite
System (GNSS) positioning for robotic platforms operating outside structured urban infrastructure.

The proposed approach considers the integration of environmental context derived from open geospatial datasets, including digital elevation
models, land-cover and vegetation layers, and vector representations of terrain features. These data sources are used to characterize propaga-
tion conditions, estimate line-of-sight availability, and support environment-aware filtering and weighting of GNSS observables. This deliverable
discusses several integration strategies at different stages of the navigation pipeline, including pre-correlation domain, post-correlation domain,
measurement-domain quality assessment, and post-processing fusion with trajectory estimation methods.

A preliminary system architecture is discussed for combining GNSS measurements, receiver-level quality indicators, and GIS-derived environ-
mental descriptors within a unified processing framework suitable for robotic navigation. Particular attention is given to scalable processing
workflows, the use of open data repositories, and compatibility with commonly used positioning tools and scientific computing environments.
The results highlight the potential of GIS-assisted navigation to improve positioning reliability in forests, mountainous terrain, and other environ-
ments where satellite visibility and signal quality are highly variable. The report outlines ongoing developments toward quantitative evaluation

using ground-truth trajectories and multi-sensor robotic datasets.
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1. Robotic platform

At the Robotic Systems Lab (RSL) at ETH Zurich, we develop
intelligent, legged robotic systems capable of operating in chal-
lenging and complex environments. ANYmal is a quadrupedal
robot originally developed at our lab and now being produced
by a large-scale (external to ROBOSAT) spinoff, ANYbotics
AG. The robot is engineered for versatility to be able to walk,
climb, and adapt to rugged terrain, making it an ideal com-
mercial solution for industrial inspection, which is the main
focus at ANYbotics. At RSL, though, we use the robotic plat-
form to push the boundaries of research in control, perception,
and autonomy. We are currently bringing the robot to more
wild, uncontrolled outdoor environments and exploring the
limits of its capabilities. As a legged platform ANYmal can
traverse terrains and reach places that other robots are not
able. In contrast to drones, the robot has a significantly larger
payload (15kg) and can therefore function as a platform to de-
ploy equipment and devices. The robot also carries a standard
payload with multiple cameras and a 3D sensor (LiDAR) to
enable autonomy and transmit data back to a remote operator.
With our mounted sensor payload (detailed in D2.1) we sig-
nificantly extend the perceptive capabilities of the robot and
enable it to better function as a data-collection platform for
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GIS data. Images of the robot in relevant environments and
carrying the aforementioned custom sensor payload are show
in in Figure 1.

2. GIS data repositories and show cases

Table 1 summarizes several national geospatial data reposito-
ries that provide datasets suitable for GNSS-GIS integration,
environmental modelling, and robotics navigation studies.

All GIS layers shown in Fig. 2 were collected from the
Pirkkola region of Helsinki, using openly available datasets
provided by the National Land Survey of Finland NLS. The
image was produced by the authors based on these data
sources.The maps were processed and visualized in QGIS. In
our planned implementation, route planning will guide the
robot along predefined paths, while GNSS log files will be con-
tinuously monitored to assess localization performance and
provide feedback for post-mission analysis.

2.0.1. Switzerland Showcase

To evaluate the integration of high-resolution GIS data with
GNSS observations in complex terrain, a case study was con-
ducted using datasets from Switzerland. The trajectory used
in this experiment was extracted from the onboard navigation
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