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Introduction

 Many applications in climate change and environmental and 
agricultural monitoring rely heavily on the exploitation of 
multi-temporal satellite imagery

 Combined use of freely available Landsat-8 and Sentinel-2 
images can offer high temporal frequency of about 1 image 
every 3–5 days globally

 Data should be consistent
– Including co-registration

2IGARSS 2017, July 23-28, 2017, Fort Worth, Texas, USA



Introduction: Sentinel-2A/MSI

 MSI = Multi-Spectral Instrument
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(Gascon et al. 2017)



Introduction: Landsat-8

 Operational Land Imager (OLI) and Thermal Infrared Sensor 
(TIRS) instruments
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https://landsat.gsfc.nasa.gov



Introduction

 Sentinel-2A
– The Sentinel-2 geolocation will use a 

Global Reference Image (GRI)
derived from orthorectified Sentinel-2 
cloud-free images (Déchoz et al.  
2015)

– Planned to be available at the end of 
2017

 Landsat-8
– The Landsat-8 geolocation uses a 

global sample of ground control points 
(Storey et al., 2014) derived for each 
WRS-2 path/row of circa 2000 Global 
Land Survey (GLS) Landsat-7 
imagery (Gutman et al., 2013).
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 Both sensor geolocation systems are designed to use ground control to 
improve the geolocation accuracy and repeatability (Storey et al. 
2016)

(Gascon et al. 2017)

https://landsat.usgs.gov/global-land-surveys-gls



Landsat-8/Sentinel-2A Harmonization

 Pixel value misalignment
– LC8 (center) and S2 (UL)

 Different UTM zones:
– L8 uses north zone even for 

southern hemisphere, while S2 
uses south zones

• e.g. 20N from LC8 vs 
20S from S2

 Misregistration
– “estimate of the expected 

Sentinel-2 to Landsat-8 
misregistration …. yields a 
38 meter (2σ) expected 
registration accuracy between 
the sensors” [Storey et al., 
RSE, 2016]
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L8 30 m pixel

S2 tile boundary S2 10 m pixel



Landsat-8/Sentinel-2A Misregistration
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T20HNH   – Sentinel-2A, band 08 (NIR), 10 m – Landsat-8, band5 (NIR), 30 m



Methodology

 Automatic generation of 
control points (CPs).
– Phase-only correlation 

image matching method 
introduced by Guizar-Sicairos
et al. (2008). 

– It uses:
• a cross-correlation approach 

in the frequency domain by 
means of the Fourier 
transform and 

• exploits a computationally 
efficient procedure based on 
nonlinear optimization and 
Discrete Fourier Transforms 
(DFTs) to detect sub-pixel 
shifts between reference and 
sensed images.
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S. Skakun, J.-C. Roger, E. F. Vermote, J. G. Masek, and C. O. Justice, “Automatic sub-pixel 
co-registration of Landsat-8 Operational Land Imager and Sentinel-2A Multi-Spectral 
Instrument images using phase correlation and machine learning based mapping,” Int. J. 
Digital Earth, 2017, doi:10.1080/17538947.2017.1304586. 

Landsat-8 image



Methodology

 CPs filtering. 
– A peak cross-correlation 

normalized magnitude is used 
for initial rejection of CPs. 

– After that, a RANdom SAmple
Consensus (RANSAC) 
algorithm (Fischler and Bolles
1981) is run for the linear 
transformation model to detect 
inliers and outliers
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Landsat-8 image

S. Skakun, J.-C. Roger, E. F. Vermote, J. G. Masek, and C. O. Justice, “Automatic sub-pixel 
co-registration of Landsat-8 Operational Land Imager and Sentinel-2A Multi-Spectral 
Instrument images using phase correlation and machine learning based mapping,” Int. J. 
Digital Earth, 2017, doi:10.1080/17538947.2017.1304586. 



Methodology

 Transformation function. 
– A transformation function F() is 

built to find correspondence 
between CPs in the reference 
image xr = (xr, yr) and points in 
the sensed image xs = (xs, ys): 
(xs, ys) = F(xr, yr). 

– The following functions are 
evaluated:

• Polynomial
• Radial Basis Functions 

(RBFs)
– Gaussian
– Thin-plate splines (TPS)

• Random Forest (RF)
regression
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Landsat-8 image

S. Skakun, J.-C. Roger, E. F. Vermote, J. G. Masek, and C. O. Justice, “Automatic sub-pixel 
co-registration of Landsat-8 Operational Land Imager and Sentinel-2A Multi-Spectral 
Instrument images using phase correlation and machine learning based mapping,” Int. J. 
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Data used

 Co-registration of 45 Landsat-8 to Sentinel-2A pairs and 37 
Sentinel-2A to Sentinel-2A pairs were analyzed.
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Results
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Results
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Results
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Results
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 Performance of different transformation functions when co-
registering Landsat-8 to Sentinel-2A at 30 m



Results

16IGARSS 2017, July 23-28, 2017, Fort Worth, Texas, USA

 Performance of different transformation functions when co-
registering Sentinel-2A to Sentinel-2A at 10 m



Results
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T20HNH   – Sentinel-2A, band 08 (NIR), 10 m – Landsat-8, band5 (NIR), 30 m

Without co-registration With co-registration



Results
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A 30 m “chessboard” composed of alternating Landsat-8 (acquired on 20-Dec-2015) 
and Sentinel-2A (24-Dec-2015) images before (left) and after co-registration (right).



Sentinel-2A Multi-spectral Misregistration
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[Sentinel-2 Products Specification Document 
https://sentinel.esa.int/documents/ 
247904/685211/Sentinel-2-Product-
Specifications-Document]



Sentinel-2A Multi-spectral Misregistration
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A subset of Sentinel-2A true color image (combination of bands B4, B3, and B2) acquired on 13 June 2017 (a). Shift 
maps were estimated from different pairs of visible bands at 10 m spatial resolution using a phase correlation approach 
with a sliding window size nw=16 and step size ns=2: bands 3 and 2 (b); bands 4 and 3 (c); and bands 4 and 2 (d). 

S. Skakun, E. F. Vermote, J.-C. Roger, and C. 
O. Justice, “Multi -spectral misregistration 
of Sentinel -2A images: analysis and 
implications for potential applications ,” 
IEEE GRSL, 2017, (under review)
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Sentinel-2A Multi-spectral Misregistration

Example of cloud detection for Sentinel-2A/MSI images acquired over the US (tile 16TCK) on 15 June 2016 (a) and 21 May 2017 (d). True color 
images (combination of bands 4, 3 and 2) at 10 m spatial resolution along with the built-in cloud mask (in red) are shown in subplots (a) and 
(d); shifts estimated from band 4 and 2 images using phase correlation are shown in (b) and (e); cloud masks (in magenta) derived from the 
multi-spectral misregistration using a threshold of 0.2 pixels for shifts are shown in subplots (c) and (f). 21



Conclusions

 Phase correlation proved to be a robust approach that allowed us to
identify 100’s and 1000’s of control points on Landsat-8/Sentinel-2A
images acquired more than 100 days apart.

 Misregistration of up to 1.6 pixels at 30 m resolution between multi-
temporal Landsat-8 and Sentinel-2A images, and 1.2 pixels (same
orbits) and 2.8 pixels (adjacent orbits) at 10 m resolution between
multi-temporal Sentinel-2A images were observed.

 The Random Forest regression used for constructing the mapping
function showed best results, yielding an average RMSE error of 0.07 ±
0.02 pixels at 30 m, and 0.09 ± 0.05 at 10 m

 Sentinel-2A multi-spectral misregistration:
– shifts of more than 1.1 pixels can be observed for moving targets such as

airplanes
– sub-pixels shifts of 0.2 to 0.8 pixels are observed for clouds, and can be used for

cloud detection as one of the criteria
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Thank You!
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