NexOS: A Control Framework For A Next Generation National Mapping Agency
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INTRODUCTION

The geospatial industry is continuously changing, and National Mapping
Agencies (NMAs) need to react to technological advances. Ordnance Survey
(OS) are reimaging a next-generation NMA through the NexOS project.
Fusing data together is critical for delivering information. Here we propose a
new reference framework based on a point cloud rather than traditional
surveyed Ground Control Points (GCPs), which we suggest could be used to
improve the positional accuracy of new datasets, such as EO data. This could
open up new opportunities which combines the monitoring capabilities of
EO data and locational information from geospatial data. Our customers
often seek information rather than just data which typically requires multiple
datasets to be fused together. The problem we, and others, often come up
against is that data from sources such as satellites, do not readily align with
data derived from aerial imagery due to geopositional processing differences
(Figure 1). Here we investigate a new method for aligning images from
different sources to create more easily derived actionable information.
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Figure | — Example of misalignment between satellite (top) and aerial (bottom) imagery.

METHODOLOGY

Aerial imagery is traditionally georeferenced using a few accurate, manually
surveyed Ground Control Points (GCPs). Here we use a point cloud,
collected by a mobile LIDAR system, to replace this traditional method. We
initially collected some manually surveyed GCPs which were used to validate
a wider area handheld scan. A mobile LIDAR system, mounted at ~45° to
capture surface and non-surface features, was then used to capture point
cloud data along multiple routes in our area of interest. The positional
accuracy of this data was then validated using the scan data (Figure 2) with
the resulting dataset containing orders of magnitude more accurately located
GCPs than is available from traditional methods. This data was then used to
georeference aerial imagery (Figure 3). Commercial satellite imagery,
georeferenced and orthorectified by the provider, was then compared to the
newly referenced aerial imagery. We used this, in conjunction with a hybrid
Digital Surface and Digital Terrain model, to further improve the
orthorectification of the satellite imagery.

Figure 2 — Examples of the new reference framework. (a) Primary control - captured by a surveyor using
GNSS equipment; (b) Primary + control - Point cloud collected using a terrestrial scanning station; (c)
Secondary control - Point cloud collected along a driven route using a mobile mapping system that uses
LIDAR, GNSS and inertial navigation system; and (d) Tertiary control — imagery and height data controlled
using secondary control data.
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Figure 3 — The process of the new control framework.

RESULTS
Using control points from the new reference framework and Digital Elevation

Models derived from the point cloud, we accurately orthorectified an Ordnance
Survey aerial image. This was used as a validation image for determining Root Mean
Square Errors (RMSE). Figure 4(a) shows satellite imagery, orthorectified and
georeferenced by the imagery provider, overlaid with highly accurate vector data
(yellow lines) derived from Ordnance Survey. Here we can see that the offset (RMSE
= 2.33m) between the two would make it difficult to use the two datasets together.
We then orthorectified the raw satellite imagery using aerial imagery positioned
with the new control framework and a DSM/DTM hybrid model (Figure 4(b)). This
has resulted in a reduction in the RMSE to 0.36m. A similar exercise was undertaken
using the satellite data in Figure | with the resulting improvement in alignment
shown in Figure 5.

Figure 5 — Aligned satellite (top) and aerial (bottom) imagery using the new control
framework.
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Figure 4 - Reference framework improvement. (a) Satellite data, ortho-rectified and geolocated by provider. (b)
Satellite data geolocated using the new reference framework and a hybrid DSM/DTM model. Ordnance Survey
vector data is shown in orange. RMSE compared to OS vector data (a) 233m (b) 0.36 m.

DISCUSSION

With advancements in technology and data ecosystems, customer data queries are
likely to be across a variety of platforms — for example Large Language Models -
rather than just through the traditional GIS method. This will typically require
multiple datasets to be fused together. Spatial data fusion is currently difficult due to
differences in geopositional processing between geospatial datasets. Our ground
control framework is derived from a point cloud collected by a mobile LIDAR
system and provides a new method of how to fuse datasets that could enhance
location intelligence. Here we have demonstrated how, using the NexOS ground
control framework, we can align satellite imagery (Figure 5). The framework
presents the opportunity for enhanced data analysis and visualization, providing
customers with better data for greater insights and actionable solutions to real-
world problems. For example, the next generation of land-change monitoring could
fuse multiple datasets to support sustainable monitoring, mitigation and adaptation
efforts.
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