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1. INTRODUCTION

1.1  Purpose

Thisreport documents the work for the selection of the core algorithm for the assessment of the
geolocation accuracy of medium resolution satellite data. It reports on the various methods for cross
correlation of medium resolution satellite data with referendata sets from high resolution satellite
data like Landsat 5/7/8 TM / ETM+ / OLI. The report addresses the following issues:

1 Identification of suitable algorithm for measuring shifts in EO data

Using top of atmosphere reflectance values or digital nuralaes input for matching
Required preprocessing of EO data and reference data with different spatial resolution
Selection of spectral bands or band combinations for matching

Shape and structure of targets (lakes, islands) used as GCPs

= = -4 -4 -

Detection of notusable GCPs due to clouds, snow/ice, etc.

1.2 Outline

The technical work on crogs®rrelation of multispectral EO datsith medium and high resolution is
discussed igectionH. The sections organized in several subsections.

SectionH dimiroduces thealgorithm for template matching between EO input data and reference
data with different pixel spacing.The different available methods of template matching are
described SectionH dimvestigates if the computationally intensive conversiordigfital numbers to
TOA reflectance results in a significant improvement of the estimated geolocation accheatipn

H ®dinvestigates which spectral bands ornohcombinationsare suitableas input for the shift
estimation.

SectionH dstudies the effect of structure and shape of Ground Control Points (GCPs), which might be
lakes or islands. Sectiendapd Sectiorn drefer to different methods for upand downsampling of

the medium resolution satéte data and the reference image with higher spatial resolution. Section

H ddiscusses theletection of GCRwhich camot be used for accuracy assessment witke #ictual

data set due to clouds, missing values, snow/ice cover etc.
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2. MATCHING OF REFERENGOATA AND EO INPWATA WITH
DIFFERENT PIXEL SIZE

2.1  Methods for estimation of displacement between data sets

In order to assesgshe shift between the reference image and the EO input image, the OpenCV
function matchTemplataés used(Bradski and Kaehler 2008jatchTemplaterequires an input image
(template) smaller than the reference image, which is of gizeh. The function then slides through

the reference image and compares the overlapping patches ofwsizdn against the input image,
using one of the specified methods below. The comparison results are stored in a matrix of
correlation coefficients. From this matrithe position where the input image best matches the
reference images retrievedusing the Ope@V functiorminMaxLoc

MatchTemplateprovides six different methods faalculatingthe correlation coefficient ( denotes
the reference imageT the template andR the result. Theemplatesiz isw® h,® m180 p
andoee T8 Q p):

a) CV_TM_SQDIFF
Rxy) =& (T(X,y)- I(x+X,y+Yy))?

X,y
b) CV_TM_SQDIFF_NORMED
A, T, y)- 1(x+x,y+y))
VAL, TRY @, X,y +y)?

R(x,y) =

c) CV_TM_CCORR
R(x,y) =& (T(X,y)A(x+x,y+y))?

x,y'
d) CV_TM_CCORR_NORMED
a,., Tx,y)0(x+x,y+y))
J8 L, TOYY @ T+ X, y+y)?

R(x,y) =

e) CV_TM_CCOEFF
Rxy) =& (T'(x,y) Q' (x+ X,y +y))*

R

where
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T'(X, YY) =T(X,y)- Ywd) G . .T(X",y")

'(X+X,y+y) = (X+X,y+y)- ]/(WC'h)C"ﬁX,.’y,.l(X+ X' y+y")

f) CV_TM_CCOEFF_NORMED
a,, [T y)0' (x+x,y+y))

R(x,y) = : —
JA ., T @, X,y +y)?

The six described methods of template matching are available in the developed software tool, with
the normalizedcorrelation coefficientiCV_TM_CCOEFF_NORM&Ddefalt. The method used for
each performed calculation is stored in the databas®. example of the matribof correlation

coefficients is shown iRigureH.m
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FigureH.m Matrix of normalizedcorrelation coefficientCV_TM_CCOEFF_NORMBDGCH.ago

die Garda(see Section PGCFRo (wging theNIR band.
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2.2  TOA Reflectance versus Digital Values as input for matching

Two options of input data were studied:
9 Digital numbers as stored in théADNDSATiles,

1 Top of atmosphere (TOA)reflectance, which requires additional computational costs and
handling of calibration gains and offsets.

In the first approachl ANDSAT digital values as stored in the data products were directly matched to
AATSR and MRS TOA reflectance without any previous conversion.

TableH.m
Comparison of matching results between LANDSAT reference image and AATSR input image (in the NIR
band) for 13 GCPs for LANDSAT digital valnéd ANDSAT TOA reflectance.

LANDSAT digital values LANDSAT TOA reflectance
GCP | latitude [°]| longitude [°]] maximum shift_x shift_y maximum shift_x shift_y
correlation [meters] [meters] correlation [meters] [meters]

coefficient coefficient
1 70 31 0.795 890 400 0.795 890 400
2 6 2 173 0.867 1070 640 0.867 1070 640
3 46 10 0.690 950 490 0.690 950 490
4 43 116 0.880 890 820 0.880 890 820
5 40 120 0.875 770 580 0.875 770 580
6 37 7 0.801 950 220 0.801 950 220
7 24 110 0.289 890 850 0.289 890 850
8 16 -4 3 0.930 590 490 0.930 590 490
9 6 0 0.404 1040 220 0.4014 1040 220
10 3 101 0.890 950 760 0.894 3050 770
11 -18 146 0.897 890 670 0.897 890 670
12 38 69 0.885 830 820 0.885 830 820
13 49 -7 2 0.801 710 850 0.801 710 850
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To find out if the comparison of similarly scaled TOA reflectance would improve the matching
procedure, the LANDSAT reference images were radiometricalilgrated and converted to TOA
reflectance with values betweem and m These data sets were matched with theput TOA
reflectance data(also scaled between 0 and).ITable H.m summarizes the shift estimates and
correlation coefficients for the two optiorfer a test set of 13 GCPs, distributed over different orbits,
latitudes and longitudes (see sectian®. it shows that both input data sets provide the same results
and there is no improvement to be expected for using TOA instead of digital numbers in the
reference data. The significant difference in the estimated shiftG@P10 isfurther discussedn
sectionH ®n

2.3  Selection ofspectral bands for matching lakes and islands

Since lakes or islands are used as Ground Control Points (see $edidhe spectral bands which
are used for matching need to show a distinct differentiation between water and [&ablle H.H
shows the GCPRago di Garddsee SectionH ¢ GCPv in different spectral bands, highlighting the
most pronounced difference between water and land in the NIR band or the ratio of theoriubt
NIR bandTherefore thesetwo possibilitiesfor matching between reference data and input data are
provided in the software tool.

FigureH.m FigureH.H, FigureH.o, andFigureH.n showthe matrices of correlation coefficients, which
result from template matching wh different spectral bandsThe matrices of correlation coefficients
confirm the previous selection of the NIR band and the ratio of the red to the NIR band with highest
correlation coefficients and a most pronounced peak.

TableH.H:
Different spectral bands and combinations of bands of LANDSAT reference image, AATSR image and MERIS
image of Ground Control Poibtigo di Garda

LANDSAT AATSR

VIS

band 2 (53610nm) band 7 (545565nm) band 5 (555565nm)
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VIS
band 3 (630690nm) band 7 (660670nm)
NIR ” Pl « ;F’ r
band 4 (780900nm) band 5 (855875nm) band 13 (855875nm)
red/NIR

ratioband 3/ 4

ratioband 6 / 5

ratioband 7/ 13
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2.4  Suitable Ground Control Points

In order to figire out suitable shapesnd structureof Ground Control Points, we generated a test set

of GCPs consisting of peninsulas, coastlines, rivers, lakes and islands of different shapes.
Furthermore, a distribution of the GCPs over different continents andutids was considered. The
testset of GCPs is listed TrableH.o.

TableH.o:
First set of Ground Control Points used to identify features convenient for template matching.

GCP location structure LANDSAT imad8lIR) location
1 70° N, 31° E peninsula
Russia, Asia
2 62° N, 173° E | coastline (with deep bs

Bering Sea, Asia

3 46° N, 10° E lake
Italy, Europe

4 43° N, 116° E lake
China, Asia

5 40° N, 119° W lake

Nevada, North

America
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GCP location structure LANDSAT imad®8lIR) location
6 37°N, 7° E structured coastline
Algeria, Africa
7 24° N, 110° E river
China, Asia
8 16° N, 23° W island
Cap Verde, Afric
9 6° N, 0°W river broadening
Ghana, Africa
10 3°S,101° E very straight,
Sumatra, Asia unstructured coastlin|
11 18° S, 146° E island close to the cog
Australia
12 38°S, 69°W two adjacent lakes
Argentina, South
America
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GCP location structure LANDSAT imad®8lIR) location

13 49° S, 72° W lake

Argentina, South

America

GCPs showing high sensitivity to changes in the spectral bands or the correlation method were
supposed to be inappropriatéddditionally, the position of the EO input image resulting from the
calculated shifts was compared to the Shuttle Radar Topograpssidnt Water Body Data.

According to these investigations, lakes or islands with a uniform surrounding were found to be the
most convenient GCPs. The river (@CRppeared to be badly pronounced on some imagés
straight, unstructured coastline (G®@Piproved, as expected, to be very inconvenient (see Bidue

H.M. In contrast, the more structured coastiméGCB M X H 2 showed mumh better results.
Howeve, they did not perform as well as isolated islands or lakes.

With respect to the geographic locatioa,restriction in the selection of GCPs arises in regionsawith
climatologically high probability of cloud coveragehere it is difficult to find cloudree images.
Furthermore,the frequency of snoveovered land and frozen water strongly reduces the number of
appropriate imagesat high latitudes(see section H ¢ However, the gedocation accuracy is an
especially big issue at high latitudes. Additionally, due to the overlap of multiple tracks, each cloud
and snowfree GCRat high latitudescan be used for the gelocation assessment of multiple input
files.

Basel on these resultand considerationsmainly isolated lakes and islands, equally distributed over
the globe were selected as Ground Control PoinRresently the set comprises 39&CPs
(Deliverable DO3section 4.

2.5 Resampling Methods

In order to compare the reference image and the EO input image with the described algorithm of
template matching, both reference data and EO data need to be resampled to a common grid size.
We tested the effect of different resampling methods to rescaleif0t images (e.g. AATSR: 1100
m) to the resolution of the LANDSAT reference images (30 m pixel spacing). Four different methods
of resampling were investigatgghww.gdal.org/gdalwarp.html):

a) nearest neighbour

b) bilinear

c) lanczos

d) cubic

Deliverable D04 Adopted GeolocationValidationMethods Pagem c
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The matching results fobilinear and nearest neighbour resampled AATSR images showed small
differences in most cases.

We found that lanczos or cubic resampling would produce a more pronounced leap from water to
land, hence enabling a better matching with the reference imagewedver, both resampling
methods insome cases produced ringing ddets with negative values in the zones of abrupt
changeqseeFigureH.p). Thisbecomes especiallypparent by applying the ratio of two bands to the
resampled image (seEigureH.T). This effect was more pronounced for cubic resampling than for
lanczos resamplingnd lead to a worse matching procedure.
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FigureH.p: AATSR TOA reflectancEGCHPp along thecross section showim FigureH.c. The red
line shows the values of the original image, the blue line shows the values of the resampg=
with (a) nearest neighbour, (b) bilinear, [@hczos andd) cubic resampling.
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-3

FigureH.c: OriginalAATSR image (NIR) of GCHhe red line shows theositionof the cross profile
in FigureH.p.

Figuren.T: Example of a cubically resampled AATSR input inb@CFp. The ratio of the red to
the NIR band is shown.

In order to avoid these effects we cho#lee bilinear resampling method to interpolate reference
data and EO data to the common grid.
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2.6 Upscaling versus downscaling of data to a common resolution

For estimation of shifts between high resolution reference data and medium resolution EO data up
or downgaling to the common resolution is needed. We tested two approaches:

1) Downscaling of reference data to the resolution of medium resolution EO data.

2) Upscaling of medium resolution EO data to high resolutibreference data using bilinear
interpolation (se SectiorH ¢.p

In the first approach AATSR data with about 1100 m pixel spacingswaied t0o1000 meters pixel
spacing by applying bilinear interpolation. Tleference LANDSAT data were dogsampled to the
same resolutionln order to retrieve sulpixel shifts the crossorrelation matrix calculated by the
template matching algorithm was interpolated by a factor of 100 using cubic interpolation. This
technique eables to estimate the shift with 0.01 pixel accuracy corresponding to 10 m in the case of
1000 m pixels.

The second approach resamples the 1100 m AATSR pixels to the resolutionAiflib8ATeference
data, and applies then template matching for shiftiestion.

The results of the two different approachegre compared for thaest set of GCPs.

These examinations showed that the method of desampling the reference data leads to less
accurate results than upampling the EO input data. In additionethomposition of the pixels plays

an especially big role for the coarse resolution generated by deavnpling the reference data,
which makes this method less reliable. Therefore, it was decided to perform template matching with
the fine resolution of theeference data.

2.7  Criteria for screening suitable EO data for matching

GCPs may be affected in the EPut data by various factors which does not allow to estimate the
shifts versus reference datalherefore, checks are embedded in the software tool to dete
disturbed EO input data and exclude them from further processing. The factors resulting in exclusion
of an EO input image are listed in the following sections.

2.7.1 NaN Values

The template matchinglgorithmcannot handle any NaN valuéherefore input data affected with
NaN values in the NIR or the red band are skipped.

2.7.2 Sun Elevation Angle

GCPs observed at sun elevation angles below 20 degrees are excluded from further processing.
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2.7.3 Cloud Cover

In order to identify and omit EO input images with clozamlerage, a cloud screening algorithm is
implemented (Deliverable DO2section 2.3 If more than 10% of the pixels of an input image are
classified as cloud covered, the image is excluded from further processing.

Additionally, the location of the cloudsitiin the input images is checked. Those images with any
cloud cover next to the examined area of interest are skipped.

For island GCPs, clouds over the water in some cases lead to an incorrect shift of the island to the
cloud position due to high correlian of the bright cloud with the bright island. Therefore, cleud
covered surroundings of an island have to be masked out in the process of template matching.

2.7.4 Snow and Frozen Water

The matchingalgorithm of EO input image and reference imagses thespectral reflectance
properties of water and landTherefore the algorithmfailsif the lake is fraen and the iceas well as

the surrounding lands covered by snown order to detect these cases we apply a snow detection
algorithm using theNormalizedDifference Snow Index (ND®)AATSR ATSR2mages Regarding
MERIS images, the snow detection is performed in the same step as cloud screening, identifying all
bright surfaces as tier cloud or snow coveredgliverable DO2section 2.3.
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3. ACCRONYMS

AATSR Advanced Alondrack Scanning Radiometer

GCP Ground Control Point

MERIS MEdium Resolution Imaging Spectrometer

NDSI Normalized Difference Snow Index

NIR Near Infrared

SRTM Shuttle Radar Topograpyission

SWBD Shuttle Radar Topography Mission Water Body Data
TOA Top of Atmosphere
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