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Objectives

e Assess whether M4 and PGotcha stereo matching
methods using asimple and fast height retrieval technique
provide for clear-sky scenes over rugged terrain

-more accurate and reliable results than MISR 2TC.
-results similar to height measurements of ground
topography.

© Assess whether blunder detection techniques can
improve the stereo-matched heights

Datasets

o Selected cloud-free scenes over mountain rangeswith
heights up to 9km, with both East-West (Hima ayas) and
North-South (Rockies) orientation.

e Areas sel ected were those with good quaity NIMA
DTED-0 dataincluding maximum heights at 30" derived
from 3" DTED-1 data

Methods

eMISR 2TC Stereo-Height produced for AnAf camera pair
onal.lkm grid include “correction of wind advection
effects”, irrespective of whether clouds are present.
eApplied M4 & PGotcha to 275m grid MISR 2TC L1B2
ellipsoid radiance for AnAf camera pair. PGotcharesults
given at sub-pixel level accuracy.

eUse simple equation (no wind correction) to retrieve
Stereo-Heights:
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with 6,=0° and 6, =26.1°
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Results

eBlockinessin 2TC dueto wind correction. No blockiness
when using the Tan equation for the height retrieval .

M4 provides the best coverage but has more blunders
especialy inlow regions (effects due to thin clouds?)
ePGotcha provides the smoothest results.

eHistograms show that 2TC has awider Stereo-heights
dispersion for both low and high atitude regions.

eM4 and 2TC(Tan) show similar results.

o Scatterplots show that PGotcha hasless blunders than the
other matchers. Sub-pixel accuracy could explainthe
differences shown between PGotcha and the other
matchers.

eThe Tan functionisasimple and fast aternative for 2TC
Stereo-Height retrieval than for clear-sky scenes.

Methods

eImprove the Stereo-Heights retrieved for clear-sky scenes
by the matchers M4, PGotcha and 2TC(Tan)

eApply blunder detection strategiesinitialy developed for
map contour grid-point interpolated Digital Elevation
Models

Results

eBlunder detection techniquesimproved the Stereo-matched
Heights by reducing the number of blunders. However, they
did not remove al of them and some good points were
deleted.

M4 not affected by the interpolation dueto its good
coverage and both blunder detection techniques work better
forit

eLess blunders for PGotcha— probably due to the sub-pixel
accuracy

eFelicisimo shows better results for our scenes than Lopez
(lower error values & less false darms)

e Standard deviation & other parameters reduced but at the
cost of anincreasein bias
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CLOUDMAP2: Quantitative assessment of outlier detection methods with M1SR-stereo height measurements of ground topography
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CLOUDMAP2: The project

+ Develop the technol ogy, including semi-operational processing systems, to extract cloud
parameters from existing and soon-to-be-launched European EO sensorsin near red-time
(<3 hours) and ground-based remote sensing instruments in real-time.

« Create, based on thistechnology , adistributed database of cloud measurements

« Véidate satellite cloud and WV products using ground-based remote sensing instruments
and through satellite-satellite intercomparison

« Assess, qualitatively and quantitatively, how this cloud database can be used to improve
the accuracy and/or validation of Numerical Weather Prediction and Climate General
Circulaion Models, specificaly by providing statistical information

MISR multi-angle sensors for stereo cloud-top height and motion retrieval

+ 9 pushbroom cameras

* 4 spectral bands

* 275m congtant off-nadir,

* 250m nedir IFoV

« Swath~380km

* Repest time =9 days

« 7 minutes between foremost
and aftmost cameras

Datasets

Rockies: P037 05525 B58-63

Anaglyph shows afewthin
clouds on the bottom right
corner aswell as amissing data
line onthe left-hand side.

Himalayas: P140 011837 B65-71

Anaglyph shows a clear-sky
scene except for afew small
Cucloudsinthe topright
corner.

Area-based stereo-matching techniques

2TC

M4

PGotcha

eOperational MISR matcher uses M2/M3 (Muller et al., 2002)§

®M2 (mean of normalised differences) uses a stripped-down
version of an Adaptive Least Squares Correlator (“Gotcha'):
~ Nor patch by
subtracting mean
~ Calculate mismetch difference between normalised pixel between left
image patch and corresponding patch in right search area
~ Comparison toathreshold

M3 variant uses median rather than mean

metcher which does:

~ Isvery fast,
~ Provides a good coverage.
~ Pixel-level accuracy.

time processing:

Stereo-Heights histograms

PGotcha

21C(Tan)

eDerived from M2 and developed a UCL/DLR as part of the
EU CLOUDMAP project (1997-2000). Muller et al. (2003)§§
eAddresses the deficiencies of 2TC by providing asingle

~ Not require disparity range-setting,

eNevertheless, setting the search window for M4 improves the

~ 6h for 6 MISR blocks on Linux 5 PE cluster array

eHighly-configurable derivative of Gotcha (Grilen-Otto-Chau
Adaptive Least squares correlation algorithm developed in the
Alvey project in the 1980s):
- Adaptive least squares correlation which leads to sub-pixel accuracy.
- Requires disparity range-setting.
- Region-growing algorithm
- Pyramidal technique (random seed poirts)
eTime processing:
- 2daysfor 6 MISR blocks on SGI

Rockies: P037 05525 B58-63
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e Stereo-Heights ~ DTEDO statistics
Stereo-Heights - DTEDO histograms
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Stereo-Heights vs. DTED-0: M4 (a), PGotcha (b) and 2TC(Tan) (c)

Stereo-Heights retrieval assessment

Himalayas: P140 011837 B65-71
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DTED-0 () and Stereo-Heights retrieved using: M2-M3 (b), M2-M3 and Tan function (c) PGotcha (d), M4 (e
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| M4-DTEDO | PGDTEDO | 2TC-DTEDO
Mem | 014 024 104
B 152 103 209
. Max | 179 25 23
o Min 58 56 -66

Stereo-Heights ~ DTEDO statistics

Stereo-Heights histograms Stereo-Heights - DTEDO histograms

No Stereo-heights were retrieved
A 1 for the Cuclouds using 2TC.
5! 4 Retrieval of Stereo-Heights for the
Cu clouds using the Tan equation
H and the other matchers.
I
}

i Lower Stereo-Heights for M4
.a V R A

(7km) vs.PGotcha (9km) over the
Stereo-Heights vs. DTED-0: M4 (a), PGotcha (b) and 2TC(Tan) (c).
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Himaayas plateau (1ake, clouds?)
Histograms show that 2TC has
consistently higher Stereo-Heights.

Blunder detection techniques

Felicisimo(1994)*

Lopez(2000)**

eBased on statistical criteria

eAllows the estimation of the error probability at each pixel

eAssumption: outliers weakly spatially correlated and follow arandom gaussian distribution
eAnalysis of the difference between the value and the val btained by a bi-linear
interpolation from the four closest neighbours by means of a standard Student t-test

Implementation

eBased on Principal Component Analysis

eDataset is subdivided into elongated strips (w<<n)

eBlunder candidates found by analysing the cloud points in Rw space

eTechnique applied to row-wise and column-wise strips

#Common candidates are the first ones to be considered as blunders

eMulti-resolution implementation in order to take into account very space-correlated errors

Implementation

eAssume that errors in our datasets are not so weekly spatially correlated than in Felicisimo
eReplace the bi-linear interpolation by a mean filter with anon-fixed kernel size

eApplication of the method to Stereo-matched Heights retrieved from M4, PGotchaand M23 (Tan
function) matchers

Rockies: P037 05525 B58-63

Pels | Bias | o | COV | Scewness| Kurtosis| RMS

2T1CTan)-DTEDO|  Raw | 106310 | -0279 [023] 08 | 57 26| 036
Interpolated | 110512 | -0259 [ 030] 12 [ 61 18 | 040

PGotchaDTEDO | Raw | 109380 | -0247 | 013| 05 | 01 2 |o28
Interpolate | 110592 | -0246 | 013] 05 | 01 2 |o28

M4-DTEDO raw | 110565 | 0280022 08 | 05 4 [o3s
Interpolater | 110592 | -0260 | 022] 08 | 05 4|03

Subset-window area Stereo-Heights ~ DTEDO statistics using Felicisimo’s technique with raw & interpolated data.

Blunder detection assessment

eMore complex than Felicisimo’ s gpproach for MISR

eCurrently it can't handle large arrays and missing values (due to missing data and matcher failure)
~ Selected a maximum of 3 blocks over the highest terrain
~ Selected window-subset (cut the missing values at the edges)

~ Replaced the remaining missing values by their interpolated values using different neighbourhood sizes
(weighted meanfiters).

Himalayas: P140 011837 B65-71

Pels | Bias | o | COV | Skewness| Kurosis| RMS

2TCTan)-DTEDO | Raw | 120191 [ -0543 [045] 08 | 40 w0 | on
Interpolated | 122812 [ -0529 [048] 09 | 37 x| on

PGotchaDTEDO | Raw | 117893 | -0565 [036] 06 | 25 18| 067
Interpolate | 122880 | -0552 [038] 07 | 20 12 | 067

M4DTEDO raw | 122875 | 0582 [037] 06 | 16 12 | 069
Interpolatert | 122880 | -0582 [ 037] 06 | 16 12| 069

Stereo-Heights ~ DTEDO statistics using Felicisimo’s technique with raw & interpolated data.

Subset-window area

Bies | o | COV | Skewness | Kurtosis| RS | Fase Alamd% Biws | o | COV | Skewness | Kurtosis| RS | Fase Alam¥%

2TCTan)- DTEDO z2ulo72| 30 | 181 | 3m | o076 2TCTan)- DTEDO 0516[072| 14 | 111 | 101 | 089

Feiosimo | 0259 | 03 | 12 | 61 | 118 | 040 ) Feicsimo | 0529 | 048 | 09 | 87 = | o »

Lopez | 0264 | 048] 18 | 213 | o0 | 055 7 Red (increase) / Lopez | 0537|055 10 | a7 077 5 Red (increase) /
PGoIca DTEDO 0247[014] 06 | 06 1 |02 Blue (recketion). PGoICa DTEDO os61(040[ 07 | a1 | 21 | o068 Blue (recketion).

Feicsimo | 0246 | 013| 05 | 01 2 |02 E) L. e detected Feicsimo | 0552 | 038 | 07 | 20 2 | 067 % Lessbiund for

Lopez |-0247|013| 05 | 03 4 |0z o for PGotcha: ~0.5% vs. Lopez |-0557 [039| 07 | 30 2 | 068 2 PGotcha ~1%vs. 1.5-2%

M4DTEDO 027 028| 10 | 48 126 | 039 1% for the other matchers M4DTEDO 057[044| 08 | s2 128 | 072 for the other matchers
Feicsimo | 0260 | 022| 08 | 05 4 | o3 ) Felicsimo 037] 06 | 16 2 | 08 »
Lopez |-0278 |025| 09 | 22 7 | o037 & Lopez |05 |039| 07 | 26 ERER 5

Stereo-Heights ~ DTEDO statistics using both blunder detection methods with the interpolated data,

Corrected heights using Felicisimo Raw heights

Corrected heights using Lopez

Stereo-Heights - DTEDO statistics
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Corrected heights using Felicisimo

using both blunder detection methods with the interpolated data

Raw heights Corrected heights using Lopez
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