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Analyses Performed

« Sentinel-2A MSI L1C data geometric
performance was assessed with respect to 3
characteristics:

- Geometric Accuracy Assessment
- Image Registration Accuracy
- Band Registration Accuracy

« The MSI L1C data were preprocessed for
compatibility with Landsat 8 geometric
characterization tools.

« Performance was assessed relative to Landsat 8
requirements, not S2A MSI requirements.
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Initial Results
Absolute Geolocation

Compared MSI L1C products to ground control points

(GCP) from two sources:

- Global Land Survey — global but only accurate to ~38 meters CE90.
- Digital Orthophoto Quad — available at calibration sites but accurate

to ~3 meters CE9O0.

Global Land Survey (GLS) results
(shown in red) are dominated by
GCP error.

Digital Orthophoto Quad (DOQ)
results (shown in blue) show
accuracy of 8.0 meters 2c, well
within Landsat requirements.

Although based upon a small
data sample, the DOQ results did
suggest a small (~4 meter) cross-
track bias.
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Initial Results
Internal Geometry

« Compared MSI L1C products to OLI reference images (at
15m GSD) corrected using DOQ ground control points.
- Mean offsets mirrored results from DOQ GCPs.
- Standard deviations reflect internal geometric consistency.

- Image registration results
show internal consistency
between MSI and OLI of 3.1
meters 2o, well within
Landsat image registration
accuracy requirements.
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* Absolute geolocation and
image registration results
indicate that MSI L1C data
meet Landsat L1T positional
accuracy requirements.
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Initial Results
Band-to-Band Registration

«  Worst band-pair worst

*  VNIR/SWIR registration

« Although based upon a small

« MSlbands 1, 2, 3,4,5,6, 7,8, 8A, 11, and 12 measured
pairwise after conversion to uniform 20m pixel size.

direction registration is 3.49 . MSI Band-to-Band Registration

meters LE9O (B4 to B12),  Line m Sample ~ VNIR/SWIR
well within Landsat i
requirements.

shows poorer performance
than VNIR/VNIR or
SWIR/SWIR.
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data sample, the results

suggest a small (~0.9 meter)
common along-track offset in :2::::‘::2:’:2:ﬁiz::::::w:l::::r%.%%%%%%%S.:F.:F.:F.:F.ﬂ.ﬂ.ﬂlﬂ U,
both SWIR bands. Band Combination )
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Observations

= Based upon examination of a set of 9 S2A MSI L1C data sets acquired over
Europe, Africa, and North America, the MSI L1C data appear to meet all key
Landsat geometric performance requirements. In particular:

- Absolute geolocation accuracy — S2A MSI data could be used in
conjunction with Landsat 8 OLI data to improve the accuracy of the GLS
ground control point framework. Once the MSI global reference image
infrastructure is complete we will need to investigate methods for
harmonizing the MSI and GLS geometric references.

- Internal geometric accuracy — S2A MSI data exhibit minimal internal
distortion. Residual MSI/OLI offsets should be low frequency biases
inherited from the GLS framework.

- Band-to-band registration — S2A MSI L1C band registration appears to be
similar to or slightly better than L8 OLI performance, including MSI bands 5,
6, and 7 which have no corresponding OLI band.

= S2A MSI data will be geometrically consistent and interoperable with L8 OLI
data once residual issues with the Landsat GLS control framework (and
possibly with the GLS digital elevation model at high latitudes) are resolved.
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Sentinel-2 Geometric Reference

« Sentinel-2 will use a set of global reference images
(GRI) to ensure multi-temporal registration.

» This reference is being established through a
series of continental-scale triangulation blocks of

MSI data.

- Highly accurate high-resolution Pleiades imagery is
being used as control.

- There is no explicit tie to the (less accurate) GLS.
» These blocks will be rolled out over the next ~year.

- Europe is first with other regions to follow.

- Timing will depend upon availability of suitably cloud-
free MSI imagery.
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Expected Landsat/Sentinel-2 Registration

» The Landsat GLS framework is not being used to
constrain the Sentinel-2 geometric framework.
- Registration accuracy will thus depend upon the
absolute accuracies of the two systems.
« Taking the RSS of the respective accuracies of the
GLS (25 m RMSEr) and GRI (10 m 2-sigma),
predicts registration on the order of 37 m 2-sigma.

« Landsat / Sentinel misregistration of up to several
MSI pixels can be expected.

- Better registration is highly desirable and will likely be
demanded by the science community.

- Provides motivation to improve the GLS while making it
consistent with the Sentinel-2 GRI framework.
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GCP Improvement Phase 4

Landsat/Sentinel Harmonization

« Propose global readjustment of the GLS using L8
data with sparse ties to Sentinel-2 GRI.

« Global scale version of what was done for the Australian
AGRI during the phase 2 GCP improvement.

- Block areas of up to ~1000 scenes are practical.

» Blocks can be designed and run unconstrained
(based upon L8 geometry) prior to GRI completion.

- Allows time consuming block layout and scene selection
processes to get started prior to GRI availability.

« MSI control will be added when available to support
a second, constrained triangulation solution.
- Some MSI control will be withheld to test the triangulation.
- Validate using OLI-MSI image registration measurements.
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Summary

« Propose global re-triangulation of the GLS
(outside Australia) to improve consistency with
Sentinel-2 MSI framework.

- Australian GLS has already been registered to the AGRI
reference provided by Geoscience Australia.

« Schedule will depend upon availability of
Sentinel-2 reference images (GRI).

- Blocks will be worked as GRI become available but
would likely not be released until all are complete.

« Updates should mostly be subpixel but will still
require complete archive reprocessing / new
collection when complete.

- Timing should work well for coordinated DEM upgrade.
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Analysis Methods

« Developed software to convert JPEG2000 L1C tiles to
the HDF5 internal format used for Landsat 8 image
assessment to facilitate use with existing tools.

- Adjust ground sample distance (GSD), mosaic tiles,
convert format.

- Two types of GSD adjustment were used:

+ Resample 10m/20m/60m MSI bands to corresponding OLI
bands at 15m/30m pixel Landsat product geometry to
make “Landsat-like” products for geolocation
assessment.

+ Convert 10m/20m/60m samples to 20m by pixel
aggregation (10m) and replication (60m) for band
registration assessment.

« The Landsat 8 HDF5 format is limited to 11 bands so MSI
bands 9 and 10 were not assessed.
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Preprocessed MSI Data

= The GCP and reference image assessments were performed on
“Landsat I|ke” WRS- 2 Image units (example |mage WlndOW shown below):
? ( . -4 MO, o : TR N

MSI 4:3:2 @ 30m for RO51_ 199/036 OLI 4:3:2 @ 30m for 199/036
= All tiles from the same UTM zone for each product were combined in a
single mosaic for band registration assessment.

. MSI bands 1, 2, 3, 4,5, 6, 7, 8, 8A, 11, and 12 were converted to 20m
GSD for band-to-band registration assessment.
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