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The ,Twin Mission®

Height: 785 km

Incidence angle: 23°
C-band, VV-Polarisation
Swath width: 100 km
ERS-1 operated 1991-2000
ERS-2 operated1995-2011
Repeat pass cycle: 35 days
ERS-1/2 "Tandem mission”

1 day interval between passes

- Repeat pass interferometry

Fully polarimetric L-band meets high resolution

fully polarimetric X-band

#.C PALSAR
ALE'S oo

i
Advanced Land Observing Satellite

Fine Resolution Mode
8.0-60.0 deg
HH or VV/HH+HV or VV+VH
7.0-443m/ 14.0-88.6m
40-70km /40-70km
ScanSAR Mode
18.0-43.0 deg
HH or VV/ 100m / 250-350km
Polarimetric Mode
8.0-30.0 deg.
HH+HV+VH+VV
241-88.6m / 20-60km

——-——-\
/’]’ERRASAR

Standard Imaging Mode

|
Spotlight = StripMap ScanSAR

Geometric

Resolution 1m 3m 16m
Image Swath
Width 10 km 30km 100 km

MaximumLength 5 km 3000 km 3000 km
per Image




TanDEM-X
TerraSAR-X ad-on for
Digital Elevation Measurements

Acquisition of a global DEM

Demonstration of innovative
techniques (formation flying,
bistatic acquisiton, Pol-InSAR,

|
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1. Backscatter Mechanisms in Forests

Frequen- X C L P VHF
cy band
Main Leaves, Leaves | Branches | Branches | Trunk
scatterers | Twigs Small & Trunk
branches

LE TOAN et al. 2001: 4

What are the scatterers in the volume scattering?

X band L band P band VHF

Austrian pine g A=27 cm A=70 cm A>3m

The main scatterers in a canopy are the elements having
dimension of the order of the wavelength

ESA-MOST Dragon Programme Advanced training course in Land Sensing, Beijing, October 2005 &gfo
SAR Day 1- Lecture 1 Thuy LE TOAN, CESBIO, France Ly —




Stem volume vs. SAR and InNSAR measurements

ERS backscatter - 20 August 1995 JERS backscatter - 28 May 1997
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SIBERIA: SAR Imaging for Boreal Ecology
and Radar Interferometry Applications

Methodological Objectives

The analysis methods needed to be
because of the large amount of data
because of changes in image properties
no scene dependent assignment

confidence of the results




/-2 Tandem

« Small dynamic range
« Variable response to water

« Variable response to open
areas

« Can be used as indicator
of environmental effects
effecting the coherence

*Medium dynamic range
«Stable response to water

«Possible to identify
agricultural fields

*Higher frame to frame
variations

<Higher contrast between
forest/non forest

*Higher sensitivity to forest
volume

«Confusion between water
and dense forest

*Frame to frame variations
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Separability of classes
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yW) =75 +(@, + (b, ~Dysg)-¢

7(V) =745 +(0.330+0.581 7, )-& 221

v = growing stock volume
% = coherence at v = 0 m¥ha (non-forest)

7, = coherence for asymptotic values of v
(corresponding to dense forest)

7455 = value where the coherence distribution
reach 75% of the maximum value (see fig.)

Vv, = characteristic v value where the
exponential function has decreased by e

Wagner et al., RSE, 2003 14




Classification chain

p
ERS coherence image — Use model to
calculate

JERS intensity image _>\ class means

Maximum
Likelihood
Classifier

\ 4

Iterated Contextual
Probability Classifier

(ICP)

=

Products

Radar Image Mosaic

111 Radar Image Maps

Forest Cover Mosaic

96 Forest Cover Maps




GLOBAL

CHANGE

Vegetation Data Resources
Above Ground Biomass

- = Nothing as yet global and accessible
i) as Above Ground Biomass

Regional - SIBERIA (1mio km? at 50m,
1998) based on SAR Interferometry

Future - SIBERIA-II (from 2002-5)
Other SAR methods
ESSP VCL?

http://pipeline.swan.ac.uk/siberia/

Independent Russian Field Data

Pooled confusion matrix for the 7 Russian test areas. . =0.94.
w




Water cloud Water cloud with gaps

» A water cloud with gaps is closer to reality and easy to handle

Ot =0 +o, (1—e_ﬁv )

veg

\

Ground backscatter )
Vegetation backscatter

> Forest transmissivity is related to canopy closure and tree attenuation

Interferometric Water Cloud Model (IWCM)

[y T g il
(o} PRI O ) 1—e g a ) A
A gr -4, . veg —jah —ah |
Vior 7 gr pr; € Mg ( l_a J( : J(e it )

for - for

_________ T SR

The totdl forest coherence is a sum of 2 contributions:
*’ A
Ground coherence, T, Vegetation coherence, T,

Model considers tree attenuation (), gaps (B), InSAR geometry (o)

Empirical relationship

Y for :7gre_ﬂv +7/veg (1_e_ﬁv)

No dependence upon InSAR geometry, forest backscatter and canopy structure

20
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Coherence

Sigma nought [dB]

1. Model training

Bolshe-Murtinsky NE - 1-2 January 1886
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Stem volume retrieval procedure

2. Inversion using a test set

Bolshe-Murtinsky NE - 1-2 January 1996

Stem volume - INSAR Retrieved - [mafha]
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Stem volume - Ground data - [m®ha]
Retrieval statistics
RMSE = 65.6 m¥ha
Relative RMSE = 29 %
R?=0.59

Physical backscatter Models like MIMICS describe better what happens but they need a lot of input data >
model inversion not possible

DRAGON Project Objectives

The scope of the “FOREST DRAGON® project is to
generate on a regional basis forest structure maps

using

> ERS-1/-2 tandem for ~1995

and

> an updated map versions with ENVISAT
ASAR data for ~2005.

22




Landsat Mosaic

Interferometric Water Model

. ground coherence = temporal decorrelation
Forest coherence is the sum of

/ 0 N 0
_i Oa opviy ve - :
7f0r(v) _z/gr 0 e '+7/veg 0 (1-9 )*7/vol(hv Bn,a)
for O for
Ground contribution Vegetation contribution

0 0 oA / o -
O tor :;\‘O'g,e +.\0'veg(1—e )

* 74 and o, represent ground temporal coherence and backscatter
. Yveg @nd o0, represent vegetation temporal coherence and backscatter
. B is related to the forest transmissivity (~0.003 - 0.007 for ERS)

* Volume decorrelation related to

. h, Height - allometric equation to express it as a function of stem volume
. B,,, perpendicular baseline
. a, two-way tree attenuation > 1 — 2 dB/m depending on season (Askne et al. 1997)

12



Question:

How to calculate the unknowns of the model for each frame without
ground-truth data?

25

Model training based on VCF

What is VCF?

The Modis Vegetation Continuous Field product (VCF) provides
global sub-pixel estimates of landscape components (tree
cover, herbaceous == == == om st S PO o it —ioe

(Hanson etal. 200 \y/pyy is \VCF important in this context?

Because coherence and VCF contain similar information

Relationship between VCF and ERS coherence

Coherence

1] 50 100
VCF tree cover (%]

* Areas with VCF tree cover <= 10% - estimate y,, and cs'Jgr

*  Areas with VCF max tree cover > estimate v,,, and o‘Jveg

13



Classification accuracy

Classes according to the SIBERIA map:
0-20,20-50,50-80,>80 m*3/ha

100
_. 80
&)
- 60
8
5 40
3
All
Unfrozen| < 20
Frozen
0
10 20 30 40 50 0 10 20 30 40 5
SD SD
. . >80 Overall
Test site & image 0-20 20-50 50-80 [m¥ha] Acc. [%] kappa
Green: VCF-based training Chunsky N [78% 388 124 939 811 069
. - 29-30 Dec.95 [ou.ﬁt 64 80 97 82-t U.uo‘
Red: Regression-based training
Chunsky E 65.6 39.8 29.2 87.4 705 0.54
14-15 Jan.96 733 26.9 314 84.9 725 0.54
Bolshe NE 8.1 14.1 51.1 92.8 37.0 0.22
22-23 Sep.97 723 287 30.0 84.6 69.0 0.52
Bolshe NW 81.0 67.8 34.1 78.1 75.6 0.62
25-26 Sep.97 82.0 67.8 309 76.8 75.0 0.62
27

Phased Project Areas and Landsat Mosaic
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Forest Structure Map of Southern China

Major DRAGON Conclusions

The new VCF-based classification approach is a fast and
easy method to map forest stem volume.

Algorithm was successfully applied to boreal, temperate
and subtropical environments.

32
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ENVISAT ASAR Wide Swath dataset

During 2003 and 2004 ENVISAT ASAR data in Wide Swath mode has
been acquired over the study area of the SIBERIA-II Project

Several hundred ASAR scenes have been acquired, with a high degree of
overlap between neighboring tracks

e T o i PR
7 ) " . | =

The p¢|nt vyas upaged 97 tlme$ during ""‘,
© goos 2004‘ ' l \

R
' <
,J_, 1

WS-based Forest inventory

34
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Fnvisat ASAR Scansar data distribution

Legend
Frequency

" Fregency

-200
-300
-400
527

LA VU T O O

byt i

{ e o o g s o o e v e e e g v e e e ot g o s o e g .

Wide Swath Mode
2007

Global Monitoring Mode
2007

35
Estimation of model parameters
SAR backscatter images
(e.q. ENVISAT ASAR GMM)
'
SAR data processing
Speckle filtering (multi-looking, spatial filtering, temporal filtering} Digital Elevation Mode!
Terrain geccoding (DEM)
Topographic normalization of backscatter
Image tiling
¢ Additional dafasets
! Water bodies mask
Stacks (tiles) of geocoded, i 7 Urban mask
co-registered SAR backscatter images MODIS VCF Exposed rocks mask
DEM
GSV distribution - stafisfics
l (Foresi/inon-forest map)
Retrieval algorithm
Training of Water-Cloud-like backscatter model 6?=f(GSV)
hodel inversion - Estimation of GSY for each SAR image
Multi-temporal combination of individual GSV estimates
36
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BIOMASAR GSV map of Central Siberia

Forest GSV + GLC2000 - Central Siberia - Pixel size: 1 km
& T T T

T T T T T 2T
2 o

1-km forest GSV map of Central
Siberia

* 2,400,000 km?

o ENVISAT ASAR
Global Monitoring mode
(Jan. 2005 — Feb. 2006)

e GLC 2000 land cover used as

500 m3/ha
background
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400
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100
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800 900 1000 1100 1200
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Accuracy of retrieved GSV for 10 km pixel size

Central Siberia - Pixel size: 10 km
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38
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Accuracy of retrieved GSV for 25 km pixel size

Central Siberia - Pixel size: 25 km
350

300

GSV, BIOMASAR [m°/ha)

0 50 100 150 200 250
GS8V, reference dataset [malha]

Relative RMSE: 32.3%
Bias: 9.6 m3ha
r=0.80

300

350

Relative RMSE [%)]

Carrelation coefficient
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0
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0

20 40 60 80 100
Pixel size [km]

BIOMASAR-I! starts November 2010

and will map biom

20



Forest Cover Change Pilot Study

OVERVIEW

e Forest cover/ structure change from mid 1990 into current decade

e Xiaoxinganling (~300 x 300 km) & Daxinganling (~200 x 200 km) in NE China

e 1 km spatial resolution

41

Forest Cover Change Pilot Study

OVERVIEW

1. 1995-1997 e ERS-1/2 tandem coherence data
e GSV retrieval via DRAGON algorithm; Cartus et al. 2008

2. 2007/2008 e hyper-temporal Envisat ASAR GMM data
e GSV retrieval via BIOMASAR algorithm; Santoro & Cartus 2010

3. Forest Cover (Structure) Change — First Results

42
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Forest Cover Change Pilot Study

1. ERS-1/2 Tandem Coherence Forest GSV

e multi-seasonal ERS-1/2 dataset (1995-1997) (baselines between 60 — 352 m)

e 1st step: Interferometric processing to generate interferometric SAR coherence
e frame basis

¢ adaptive coherence estimation

2nd step: Model training and model inversion to retrieve forest GSV

e implementation of DRAGON algorithm at 1 km spatial resolution

¢ consideration of scaling effects on GSV

43

Forest Cover Change Pilot Study

DRAGON algorithm (Cartus et al 2008):

GSV retrieval based on Interferometric Water Cloud Model (IWCM)

ground coherence
Forest coherence is the sum of
canopy coherence

. 0 0
* 5unknowns: Yg, 6%, Yyeg » O0veqs B

* MODIS Vegetation Continious Field (VCF) product included in model training phase:

-> clear relationship between coherence and VCF

Coherence

- estimation of 4/5 model unknowns (y,, 6%, Vyeq » G°eq)

- model Training independent from inventory data

VCF tree coner [%]

44
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Forest Cover Change Pilot Study

1. ERS-1/2 Tandem Coherence Forest GSV

12000 125°00°E 130°00°E
L ! h

Forest Growing Stock Volume 1995-1997, Lsasoorn

based on ERS-1/2 tandem coherence
Regions of Daxinganling and Xiaoxinganling -
(Pixel Size 1 x 1 km)

Legend

3 o-20m'/ha

30 20-50m*/ha

B so-som/ha |[F5200'N
[ | >80m*/ ha

[ | water

EOR‘:-';/ZVGSV 50m g:s-:;/z GSV 1‘|.<m
GlobCover 0j78 0:85
M7 Ve (15% cc) 091 0.89
AVHRR LCC 0j79 0:67
45
Forest Cover Change Pilot Study
2. Envisat ASAR GMM Forest GSV (2007/08)
*BIOMASAR algorithm (Santoro & Cartus 2010) ...

46
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Forest Cover Change Pilot Study

2. Envisat ASAR GMM Forest GSV (2007/08)

BIOMASAR algorithm (Santoro & Cartus 2010):
“The BIOMASAR algorithm: an approach for

SAR backscatter images i\ H H
retrieval of forest growing stock volume using

stacks of multi-temporal SAR data”

Processing of SAR dataset

Rediometic caltracn and muli-ocking (Maurizio Santoro, Session 2.1.2 Forestry &

Terrain gescoding .
Refinement of geocoding Blomass)
Image tiing
Multi-temporal speckls filter

Additional datasets
MVA image
Urban mask

Land-cover image

GSV distabution - statistics

r
Stacks (tiles) of geocoded,
co-registered SAR backscatfer images

J /" MODIS VCF

Retrieval algorithm

Training of Water-Cloud backscatter model P=HGSV)
Estimation of GSV for sach SAR image

Multitemporal combination of GSV estimates

47

Forest Cover Change Pilot Study

2. Envisat ASAR GMM Forest GSV (2007/08)

*BIOMASAR algorithm (Santoro & Cartus 2010) ...

... capable to retrieve continuous GSV using ASAR GMM data in the boreal zone up to 300
m¥ha, without apparent signs of saturation

... was used to process 1-year stack (Jan 2007 — Feb 2008) of ASAR GMM data at 1-km
pixel size for Xiaxinganling and Daxinganling

48




Forest Cover Change Pilot Study

2. Envisat ASAR GMM Forest GSV (2007/08)

BIOMASAR results:

Continuous forest GSV for Xiaoxinganling

’f‘ —

!

Xiaoxinganling

200 é‘w-
& oo E ?;
w "ﬁa"z iﬂm) - “ miha ’ PBIOMASAR Forest 6§V 2007108 [m’Iha]ED ”
49
Forest Cover Change Pilot Study
2. Envisat ASAR GMM Forest GSV (2007/08)
BIOMASAR results:

Northing _(km)

S

200
Easting (k)

120°00°€ 125°00° 130'00°E
s s h

Forest Growing Stock Volume 2007/08,
based on hyper-temporal ASAR GMM data

- Regions of Daxinganling and Xiaoxinganling -

(Pixel Size 1x 1 km)

F5a'00"N

Legend
0 o-20w/ha
= 2-s0m/ha

>80m* f ha
Water

200
Kilometers

Fszoon

FSODON

480N

50
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Forest Cover Change Pilot Study

3. Forest Cover (Structure) Change — First Results
- 1995-1998 (ERS-1/2 Tandem) - 2007/08 (ASAR GMM) -

121°0'E 1

600000

5800000

§ regrowing forest & afforestation after forest
"3 fire in 1987
) (Yu et al. 2004, Wang et al. 2007)

5650000

ASAR 0-20 m¥ha 20-50 m¥ha | 50-80 m¥ha >80 m¥ha

ERS
0-20 m¥ha
20-50 m¥ha

- . o 5 50 100 150 Kilometers
Projection: Albers Conical Equal Area | 1 1 |

51
Forest Cover Change Pilot Study
3. Forest Cover (Structure) Change — First Results
- 1995-1998 (ERS-1/2 Tandem) - 2007/08 (ASAR GMM) -
127'0'.E N
ASAR 0-20m¥ha | 20-50 m¥ha
ERS
0-20 m¥ha
20-50 m¥ha
50-80 m¥ha
>80 m¥ha
52
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’;,y HAROKOPIO UNIVERSITY

e Forest Cover Change Pilot study at Xiaoxinganling & Daxinganling at 1 km

e ERS-1/2 Tandem Coherence (1995-1997) and Envisat ASAR GMM (2007/08)

e First results show reasonable GSV structure changes

e Data and information collection of land cover dynamics during last decades

-> detailed assessment of the detected changes (publications ESA Bergen-
Conference 2010 by Reik Leiterer and Johannes Reiche)

3 4th ADVANCED TRAINING COURSE IN LAND REMOTE SENSING
1-5 July 2013 | Harokopio University | Athens, Greece

2 ESA ADVANCED TRAINING COURSE IN LAND REMOTE SENSING

SAR for Agriculture

Chris Schmullius
Department for Earth Observation
University Jena, Germany

12-16 September 2011 | Krakéw, Poland
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o Scattering mechanisms

Surface scattering

Surface scattering

A N ———~——— /\_’(—/y
=T = = z i
water _T — —_—__ 4 - - sail,
= ¥}y = rock
Volume scattering if
penetration
Volume scattering
vegetation Volume surface Volume scattering
| scattering
Surface scattering Surface scattering
Einleitung

2 Soil / Canopy Interaction

3 Direct Soil (including multiple scattenng)

1 Direct Canopy (including multiple scattenng)

28



Einleitun

29



Einleitung

5972

5971

5970

394 396 398 400 402
Coordinate System: UTM — zone: 33 — datum:WGS—84 (km})
Geocoded E-SAR image (Scene—ID: O1prosmals13x1)

# Deutsches Zentrum
DLR fir Luft- und Raumfahrt eV

Institut fiir Hochfrequenztechnik und Radarsysteme

L-band colour composite (HH - red, HV - green, VV - blue).

Einleitung

WB: Wintergerste,
Grasland

Temporal Crop Signatures

30



Einleitung

Caltivation

13th September 1992

4::1Ri|m

Sth July 1992

Backscatter (dB)
ey
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-174 u July 1992
=184
s Sth June 1992
19
May I June I July [ August I September

Spezielle Effekte

Propagation Properties

* Variation with Polarizaton Angle

T T T T T T T T T T
Frequency: 9.0 6Hz
Wave Direction k =y
Number of Rows: 6
20/ In-Row Spacing Between Stalks: 4.5cm
Moisture Content: 60% Gravimetric
(0.3 Volumetric)
—_ Stalk Diameter = 0.6 mm (Bottom)
% to 1.5mm (Top)
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e
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Example from ESA Report: ,, ASAR for Crop Monitoring, 2005

HH/VV of wheat field

8 = + 3.0
5 1 —0— HHWVV
4 4 —li— Biomass T25
~
& 3- 120 E
5 =]
- 24 b
> 15 5
= 14 a
I ©
T o +i0 §
m
-1 -
+ 05
-2
-3 T T 0.0
28/02 29/04 28/06 27/08
Date

ESA-MOST Dragon Programme Advanced training course in Land Remote Sensing, Beijing, October 2005 ksBlO
Thuy LE TOAN, CESBIO, France _

SAR Day 1- Lecture 1

Spezielle Effekte

Summer Barley

| |y =-0,31x- 12,193
12 a Lﬁz=o.ao7s cvv
-14
-16 \-33.__\. *
g e
E“e = CR
£ /. *
20 ]
//
o—& —_ WAV, WOR—
RS-t i —
{ | y = 0,5091x - 25,783
y i _ R*=0,8708 LHH
i S R
6 8 10 12 14 16 18 20 22
Gravimetric soil moisture (%)
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Spezielle Effekte

Winter Wheat

¥ St et

y =-0,1193x - 13,685
R? = 0,3269 cwV |

, _ ¥

—T

¢

*

! . ) y = 0,4958x - 23,295
i R?=0,9251 LHH

A ! I
Y t

10 12 14 16 18 20 22
Gravimetric soil moisture (%)

¢ Nordhausen, Thuringia‘

e Intensive Agriculture
¢ RAMSAR Wetland Site




WERIS FR + # + A +
Landsat5 TM + : : + + + %: %:
Hymap : :; . :

ASAR WSH +—4 I# + ¢ +——4 3‘ .¢ +
ASAR APP .52 + . + ¢ + ¢ + #i + l +*—¢
ASAR APP - ST ¢ . *

ASARIM - S2 i: + +
ERS -2 # 4 + +—+ + + + +—4
Ext. field camp. i > L]
One day camp. I ‘I"‘ # f
April May ' June ‘ July ‘ Aug. . Sept. Oct. Nov. Dec.

Acquisition Year 2005
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Multi-temporal metrics

Mean annual variability

li=  intensity for date i
and j

(Quegan et al., 2000):

14 HV images (ENL=70-100)

' Landsat

ETM

Annual
Mean

el "_*,*
EW 3 5

Multitempemporal Metrics ASAR Composite:

Red - MVA HV
Green - Annual Min. HV
Blue - Annual Mean HV backscatter

B(Channel .
Channel 1
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VV - Annual Max. VV - Annual MVA VV

- Annual Mean VV - Annual Min

Frequency

f
/)

A N
/ \

‘{“’ “‘\ “ | \

-10 5 0 5 0 5 10

HH - Annual Max. HH - Annual MVA HH - Annual Mean HH - Annual Min

-10 -5 0 207 -10

Frequency

105 0 5 0 5 10

HV - Annual Max. HV - Annual MVA HV - Annual Mean HYV - Annual Min

-156-10 -5 0 -25-20-15-10 -5

y )
Nog—" 10 25 20 -15

>
(&)
c
(0]
>
O
E
LL &
-20 -15 -10
0 [dB]

0 [dB] 0 [dB]

Supervised Classification

Maximum Likelihood

Bayes Theorem:
plelx =
el pix}

Multidimensional Gaussian Model for Conditional
probability:

1 1 ¢
p{X|C}=(2”)K,ZCC/yzeXl{—2(X—HC) (o8 (X_"c)]

Iterated Contextual Probability (Balzter et al., 2002):

n;

[Z po-(CX)]ﬁ
p(c)=| -2

Decision Tree

DTCs are a set of hierarchical rules which divide
the data into more homogenous subsets with
respect to the required ground-truth information.

Each node is selected according to its ability to
minimize the impurity of the resulting subsets of
the data.
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RadarCover Thinning Procedure

In order to test the stability of both classification approaches and to
specify the minimum number of acquisitions needed, thinning of the
input dataset has been carried out:

1) Using less intensity images for the calculation of the multi-temporal
metrics and varying the combination of acquisition dates used.
For each number of selected acquisition dates C out of all
available dates N, there are N* combinations possible:

2) Classification and accuracy assessment was performed for each
combination

HH & HV [%] HV [%] HH [%] W [%]

W & HV [%]

100

50

100

50

100

100

50

100

o
=)

Accuracy

Min. Prod. Acc.
100

Mean Prod. Acc.

] 17'7'# Pl

.
5oi
0 0 0
2 46 81012 2 46 81012 2 4 6 81012 2 46 81012
No. of images No. of images No. of images No. of images
100
*111!1L l ' foe
| 5oil

0
24 6 8101214

No. of images

0
2 4 6 8101214
No. of images

0
2 4 6 8101214
No. of images

0
2 4 6 8101214
No. of images

.g.u-
.
50 '

0
24 6 8101214

No. of images

[
24 6 8101214
No. of images

0
2 4 6 8101214
No. of images

0
246 8101214
No. of images

RN O

50
.

50/

0
2 4 6 8101214

0
24 6 8101214

0
2 4 6 8101214

0
24 6 8101214

No. of images

No. of images

No. of images No. of images No. of images No. of images
7'7 N N 100 ! v 8
.
50
[ 0 [
2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8

No. of images

No. of images

Maximum Likelihood
Classification

Red — Settlement
Green — Forest
Blue — Water
Yellow — Grassland

Magenta — Cropland

(dashed lines show
minimum accuracy
requirements:

85% overall accuracy,

70% Class Accuracies)
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Maximum Likelihood Classifi

Polarization Accuracy Kappa
w 95.4 0.918
HH 93.8 0.89
HV 96.9 0.945
HH & HV 97.4 0.955
WV & HV 97.4 0.954
Maximum Likelihood N -
Jater | Grassle “rople rest | S Jger 4 acy
VV & HV /8 acq, dates Water | Grassland | Cropland | Forest | Settlement | User accuracy
Water 97.88 1.217 0.27 0.22 0.85 3938
Grassland 0.53 97.28 2.27 0.10 0.08 (7537)
Cropland 1.24 1.503 9599 | 0.64 16.82 N7 23/
Forest 0 0 1.15 98.92 0.085 orchards
Settlement 0.35 0 0.32 0.12 82.16 and alfalfa
Prod. Accuracy 97.88 97.28 95.99 98.92 82.16 v/.54 |

RadarCover/AMOC Production of Land Cover Map

=  AMOC Il decision tree based

on track 0487, frame 0999
« 75.000 km? - 10 frames (IS 1 - IS 3)

« 0487/1053+1035 (IS 1
+0029/1053+1035 (IS 2

(Is1)
(1s2)
+ 0258/0999+1017 (IS 2)
+ 0487/0999+1017 (IS 2)

(Is3)

+0344/1035+1017 (IS 3)  HVMean

HY Min LT -16.35 AND

MVAHY GT 0.5 AND
MVAHHGT 1

o BTN

NGLD Texture GT 3
AND HH Min GT-7

ST,

e u “..

HV MaxLT-19

Boundary EQ-09

T

LT-20 AND

P

HHMean LT -10

4°E 5°E 6°E

8°E

UTM Zone 32, WGS 84

1CHkilometer

5E &°F

&
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RadarCover Summary
* Classification of basic land cover classes is possible
with very high accuracies when using at least four
SAR acquisitions and two polarizations.

* Consistent multi-temporal coverage of ENVISAT
ASAR APP not available for large areas in Central
Europe

- SENTINEL-1 will provide consistent coverage in
Interferometric Wide Swath Mode
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Expert knowledge:

class 1...n

Characteristic image parameters Segmentation

Optical and
SAR data

- preprocessed -

Additional
layers (texture,
NDVI)

-classi-

j Histogram characteristic image parameter (pixel-based)

Histogram

analysis

Application of threshold (objects)
-classi-

Object mean

value H
class i=0 H

Potential training samples

Segmentation
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Two Types of Scatterers

point scatterer: only a single (dominant) scatterer in a resolution cell
(e.g. corner reflector, building)
= single wave response

Imju|

X

distributed scatterers:
many sub-scatterers in a resolution cell
(e.g. stones, leaves, branches) ¢

» Reju|

= many wave responses mix to a single phasor % } f

= circular Gaussian statistics

MFFU Sommerschule 2000

The physical origin of speckle

Constructive

speckle Destructive speckle

Yy [

SAR image pixels

€ cogvig CNE:

Resolution cells are made up of many scatterers with different phases, leading to
interference and the noise-like effect known as speckle.
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Volume scattering

Point scatterer Anisotropic scatterer Multiple scattering
H \
' , v —
® nv
-> no depolarisation -> depolarisation -> depolarisation

[esl}

inc

z
\

T
_(/
X
SZN
=

RS i) INT]
Ea (O AN VIV |
NR(73 E\a‘x\\ji \k \>‘

Single and multiple scattering

Objektorientierte Bildanalyse mit eCognition - Einleitung

- ,Salt-and-Pepper* Effect of conventional classifiers

* not usable in a GIS

Result of a pixel-based maximum-
likelihood classifier

Wasser [ ]
Baume B
Grinland
Kartoffel
Sommergerste
Mais

Hafer
Zuckererbsen =]
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Objektorientierte Bildanalyse mit eCognition — Grundlagen

Segmentation

Objektorientierte Bildanalyse mit eCognition — Klassifikation von E-SAR und HyMap™ Daten

E-SAR - RGB =X-HH, C-VV, L-VVW

_ . o emn

u.a. auf texturellen Eigenschaften aus
Level 1

Level 3

Ubernahme von Siedlung aus L3
- StraBen und Wege
- Schatten und Wasser
- Wald und Einzelbdume

Level 2 - Griinland und Feldfriichte

- Trager von Texturinformation fiir
Level 3

Level 1

|:| Klassifikation basierend auf
Zugehérigkeitsfunktionen

Klassifikation basierend auf
Prcton UTH 2an: 32 Shro HGSS4, ta WIGS84 =) Nearest Neighbor und
00 1000 Meters S N
Zugehdrigkeitsfunktionen
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objektorientiertes Klassifikationsergebnis (E-SAR) pixelbasiertes Klassifikationsergebnis (E-SAR)

eocon v a0 sruson

=3 Goorees. S

=3

s

Lepsnde
v ariang s . e [re——

™
e
=

[Epotatoes
[ Jeomn
Erape
[ e
[ |summer barley
Dsummer wheat

- [ triticale

winter barley
wheat

sugar beet

[:Igrassland
[Ebroad-leafed / mixed forest
[l coniferous forest
LS-5TM combination
overall accuracy 77,9 84,0
kappa 0,78 0,80

Improvements for: urban areas, winter wheat, winter+summer barley, grassland, corn, peas
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Radar backscatter [dB]

M J J A S o] N
Acquisition date
——Comn Sugar peas —e— Rape —&— Winter barley —m— Winter wheat

Radar backscatter [dB]

M J J A S o] N
Acquisition date
—e—Com Sugar peas —8— Rape —— Winter barley = Winter wheat
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Radar backscatter [dB]

-1

s
w

ity
o

7+

Acquisition date

Sugar peas —— Rape —&— Winter barley —m-— Winter wheat

Radarriickstreuung [dB]
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-water

Il urban area
vz soil
[ Jpeas
i [ |clover
§ [Jhop
[ potatoes
[ Jcom
lrape
e
[ Jsummer barley
[:|summerwheat
EY [ triticale

winter barley
wheat

sugar beet

:'grassland

[broad-leafed / mixed forest

[l coniferous forest
LS-5TM combination
overall accuracy 77,9 84,0
kappa 0,78 0,80

Improvements for: urban areas, winter wheat, winter+summer barley, grassland, corn, peas

Results — potential for land use mapping
Multitemporal optical & SAR data — information gain

Classification results combined approach — overall accuracy for 20 classes — 50
reference pixel per class

Exclu- | SAR — SAR - SAR - SAR - SAR — SAR —

ding HV, VV, | HV, VWV HV, HV VvV, \AY

SAR texture, texture, texture

HV-min HV-min

SAR 80.2 77.9 73.3 71.9 64.3 65.2
LS 21.04.05 52.8 82.8 81.8 80.4 80.4 75.8 76.8
LS 10.07.05 68.3 82.4 82.7 83.6 82.2 80.1 80.6
LS 21.04. & 77.9 83.7 83.7 84.0 83.8 82.9 82.5
10.07.

optical
Bl s/R
[ optical & SAR
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Training sample selection — Expected results / Outlook
o ALOS PALSAR

» HV-Polarisation: forest and urban area mask
» HH-texture: differentiation forest and urban areas

» Mapping of broad-leaf crops

=

PALSAR
PLR
23.05.07

® TerraSAR-X
» Meaningful texture measure
» Mapping of narrow-leaf crops
» Grassland mapping

¢ RapidEye
» RedEdge channel, high temporal resolution - improved
separability of vegetation classes

» High resolution - meaningful and stable texture
measure in space and time

Input data:
LS 5 TM scene acqmred on AprlI 21, 2005:

ENVILAND - Potential for land cover
classification:
optical vs. SAR vs. optical & SAR
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Integration of SAR Data - Multiscale Approach

e > lack/ insufficient
number of optical data

e—> Automation (urban
areas)
*-> Improvement of

specific land cover
boundaries

*—> Change detection
*—> Validation
> Small-scale landscapes

© ESA/ ESA GlobCover Project, led by
MEDIAS-France

= — ERSITY s
iy HAROKOPIO UNIVERSITY \\&\?esa

Summary for Sentinel-1 Land Applications

. New multi-scale texture measures improve urban
mapping.

. Consistent multi-temporal coverage is crucial for high (>
85%) crop classification accuracies for Level-1 Land Cover
Classes.

. Multi-temporal co- and cross-polarised C-band data
acquisitions are crucial for improved Level-2 Land Cover
Class mapping (20 classes with > 75% accuracies).

. Multi-temporal repeat-pass C-band coherence analysis
allows forest structure mapping. Saturation not known
yet!

3 fth ADVANCED TRAINING COURSE IN LAND REMOTE SENSING
1-5 July 2013 | Harokopio University | Athens, Greece
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i

‘Eiid HAROKOPIO UNIVERSITY

» Multitemporal, multipolarized C-Band SAR-Data proves very high
potential for crop mapping.

» Optimal polarisations: HV und VV, HH less information content.

» Temporal & spectral resolution is more important for crop mapping
than geometric resolution,

BUT
> segmentation (i.e. detection) results are dependent on field size

AND
» improved urban area mapping using multiscale SAR data.

3 4th ADVANCED TRAINING COURSE IN LAND REMOTE SENSING
1-5 July 2013 | Harokopio University | Athens, Greece

i

f;._' HAROKOPIO UNIVERSITY ‘\\&Q\\g cSsa

THANK YOU
FOR YOUR ATTENTION
&
GOOD LUCK
TO YOUR FUTURE!

3 fth ADVANCED TRAINING COURSE IN LAND REMOTE SENSING
1-5 July 2013 | Harokopio University | Athens, Greece
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