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Theoretical Background

A The automatic classification system aims at
reproducing the processes that allow the hum
brain to interpret satellite Iimages.

A Rooted in concepts from computer vision and
neurophysiology:
I The recognition of objects happens in successive
stages with increasing levels of abstraction

I Preliminary semantic sketch {gitentive vision)
followed by elaboration on shapes, textures and
relationships (attentive vision)
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2-stage LCLU Classification System
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Second Stage

Traditional techniques (image clustering,
segmentation, supervised classification
algorithms ) are employed here
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First Stage:
Satellite Image Automalutapper
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SIAM adopts the followingassification scheme

a) A discretandfinite setof classebelongindo sixtargetcategoriesiamely
|.  Water/shadow BLUE
.  Snowlice LIGHT BLUE
lll. Clouds WHITE
V. Vegetation GREEN
V. Baresoil/built-up. BROWN
VI. Outliers
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SIAM adopts the followingassification scheme

a) A discretandfinite setof classebelongindo sixtargetcategoriesiamely
|.  Water/shadow BLUE
.  Snowlice LIGHT BLUE
lll. Clouds WHITE
V. Vegetation GREEN
V. Baresoil/built-up. BROWN
VI. Outliers

b) A setof rules,or definitionspr propertiedor assigninglasdabels

I.  Pixetbasedcontextinsensitive)whichistantamounto sayingurelyspectral

ii. Priorknowledgdasednonadaptive)
Thisclassificatioschemes:

A Mutuallyexclusive.e, eachmappedaredallsinto oneandonlyonecategory

A Totallyexhaustivéwhichimpliesthat outliersmustbe explicitlydealtwith by classd o t h.énr s
otherwords,SRCprovidesacompletgartitionof aninputRSimage
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PriorKnowledge Based Decision Trt
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Prior knowledgeb a s e d
Implementation

SIAM implementation

a)

b)

C)
d)

Software
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NDBSI,NDSI, etc)
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etc) among classspecific
reflectancevaluesin different
portions of the
electromagnetgpectrum

Fuzzy set (High Mediumand
Low computation

Combinatiorof fuzzysetsand
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written in C

programmindganguage

A
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Platformindependent
Fast processing(~5 minutes
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laptop)
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A M Breectlassifies i o r

Prior knowledgeb ased S|
Implementation

1st LEVEL OF ANALYSIS:
For a given spectral signature (e.g.,
Barren land), model inter-band fuzzy

2nd LEVEL OF ANALYSIS: Spectral
signature quantization through fuzzy
sets, e.g.Bright Barren Landand Dark

relationships, e.g.,TM5 > (TM4% 10%). Barren land.
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Input space partitioning (irregular but complete) through fuzzy sets
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Meaning of spectral categories: example

Spectratategory s Spectratategory Enguistic Candidatéandcovers
acronymwaterghadow description (USGSevelsl and 1)
clougdsnowvice bare
soilbuiltup vegetatign
outliers
SV, AV, WV StrongiiveraghVeak Forest land (4), (Vegetated)
Vegetation Cropland (21).
SSR, ASR Strongdverage Shrub and brush rangelandl
ShrutRangeland (32).
VBBB, BBB, SBB, ABB, W&)Bright Bright Strong / | (NonvegetatedCroplan{21),
DBB AveragéWeak Dark Urbarorbuiltupland(1),
BuiltupandBarredand Barreriand(7).
TKCL, TNCL ThickThin Clouds
Clouds
DPWASH, SLWASH DeegShallow Water (5).
Water an8hadovareas
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Multi-Sensor Capabilities

A SIAM is capable to process data from all the multispectral
sensors that have spectral bands overlapping with those of
Landsafl M. The number of spectral categories detected
depends on the bands of the sensor.

A Fully implemented (twwoi-the-key) for 6 classes of sensors:
I Landsai™M (7 bands)
[ SPOT HRVIR (4 bands)
I AVHRR (4 bands)
I AATSR (5 bands)
I IKONOS (4 bands)
i DMC (3 bands)

A Applied to data from 0.5 m (Pan Sharpened World View) to 3
km (Meteosa6EVIRI) data, and from 3 to 7 bands.
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SI AME map | egend

"Large" leaf area index (LAI) vegetation types (LAl values decreasing left to right)
"Average" LAl vegetation types (LAl values decreasing left to right)

Shrub or herbaceous rangeland

Other types of vegetation (e.g., vegetation in shadow, dark vegetation, wetland)
Bare soil or built-up

Deep water, shallow water, turbid water or shad

Thick cloud and thin cloud over vegetation, or water, or bare soil

Thick smoke plume and thin smoke plume over vegetation, or water, or bare soil
Snow and shadow snow

Shadow

Flame

Unknowns

Legendfor Landsat TM : 95 classes

“Large" leaf area index (LAI) vegetation types (LAl values decreasing left to ri
"Average" LAl vegetation types (LAl values decreasing left to right)

Shrub or herbaceous rangeland

Other types of vegetation (e.g., vegetation in shadow, dark vegetation, wetlan
Bare soil or built-up

Deep water or turbid water or shadow

Smoke plume over water, over vegetation or over bare soil

Snow or cloud or bright bare soil or bright built-up

Unknowns

Legendfor IKONOS: 52 classes
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MODIS surface reflectancepvering northern Africa and SIAM preliminary classification.
Italy (R: band 1, G: band 4, B: band 3), spatial (72 classes)
resolution: 1km.
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NOAA-AVHRR

NOAA-AVHRR (NOAA 17) image acquired on 20@6-  SIAM preliminaryclassification
08 covering Mediterranean aBalcanicareas (R: band 3a,
G: band 2, B: band 1), spatial resolution: 1.1 km.

BaraldiBoschetti, Roy & Justice
Automatic Land Cover Classification




ENVISAT AATSR

ENVISAT AATSR image acquired on 20a@B-05, SIAM preliminaryclassification
covering a surface area over the Black sea (R: band 7, G:
band 6, B: band 4), spatial resolution: 1 km.
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0. Sosapt enera |on( 5 |mage acquwe
on May 16, 2007, at 12.30 (CEST), covering Africa (R: spectral categories. Adopted pseudo colors are the

band 3, G: band 2, B: band 1), spatial resolution: 3 km. following. Green tones: vegetation and rangeland, Browr
and grey color shades: barren land and tuglareas, Blue

tones: water types, White and light blue: cloud types, etc
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World-View 2

Fig. A. 8-bandWorldView-2 VHR imageof the city of Fig. B. Output map generated from Fig. A, consisting of
Rome, Italy, acquiredon 200912-10, at 10:30 a.m., 52spectral categories. Adopted pseudo colors are the
depictedin falsecolors(R: bandR, G: bandNIR1; B: following. Green tones: vegetation and rangeland,
band B) (provided by DigitalGlobe Brown and grey color shades: barren land and-oipilt

http://www.digitalglobecom/indexphp/7/0/Product+Sa areas, Blue tones: water types.
les), calibrated into  TOA reflectance Spatial
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World-View 2

Figg C. Segmenbased piecewise constant Fig. D. Contour map generated from the preliminary
approximatiorof the 8-bandWorldView-2 VHR image classification map shown in Fig. B.

of the city of Rome, Italy, acquiredon 200912-10, at

10:30 a..m., depictedin Fig. A. Spatialresolution 2.0

m. Note the bridge has disappeared(Omission

error!!!

BaraldiBoschetti, Roy & Justice 20
Automatic Land Cover Classification



World-View 2

Fig. E. Zoomed image extracted from Fig. F. Zoomed image extracted from Fig. F. Zoomed image extracted from
the 8band WorldView2 VHR image  the preliminary classification map the contoumapshowrnin Fig. D.

of the city of Rome, Italy, acquired on shown in Fig. B.

200912-10, at 10:30 a..m., shown in

Fig. A. Spatial resolution: 2.0 m.
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World-View 2

Fig. A. 8-bandWorldView-2 VHR imageof the city of
Brazilia, Brazil, acquired on 201008-04, at 13:32
p.m., depictedin false colors (R: band R, G: band
NIR1; B: bandB) (providedby DigitalGlobe 8-Band

' ' OA reflectance Spatial

Fig. B. Output map generated from Fig. A, consisting of
52spectral categories. Adopted pseudo colors are the
following. Green tones: vegetation and rangeland,
Brown and grey color shades: barren land and-oipilt
areas, Blue tones: water types.
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The first stage Is nl@ndcover

WELD tile
h22v08, annual
composite

true color
(20x30km subset

4 & Justice
Classification



The first stage Is nl@ndcover

WELD tile
h22v08, annual
composite

false color

& Justice
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The first stage Is nl@ndcover

WELD tile h22v08,

Preliminary
classification

Strong vegetation

Average shrub

Average barren lands

Dark barren lands

& Justice
Classification




Relationship between spectral categories and vegetatiol

land cover classes

Strong Vegetation (SV) 1 VHNIR
Average Vegetation (AV) 1 VHNIR

Average Shrub Rangeland (ASR) i VHNIR
or HNIR

- Crop field (Vegetated agricultural fields)
- Pastures

Strong Vegetation (SV) 1 HNIR
Average Vegetation (AV) - HNIR

- Deciduous Broadleaved forests
- Deciduous Permanent crop (deciduous fruit-trees)
- Crop field (Vegetated agricultural fields)

Strong Vegetation (SV) 1 MNIR
Average Vegetation (AV) - MNIR

- Evergreen Broadleaved forests

- Evergreen Permanent crop (evergreen fruit-trees, e.g., orange tree
field)

- Crop field (Vegetated agricultural fields)

Strong Vegetation (SV) 1 LNIR
Average Vegetation (AV) - LNIR

- Evergreen Coniferous forests
- Forests in shadow areas

Average Shrub Rangeland (ASR) i MNIR
or LNIR

- Open forest

- Sparse trees (e.g., olive grows)
- Regrowth

- Transitional woodlands

- Clear cuttings

Average Herbaceous Rangeland (AHR)
Strong Herbaceous Rangeland (SHR)
Weak Rangeland (WR)

- Natural grassland
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Evaluation of the SIAM
preliminary classification
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Example: Web-Enabled Landsat Data (WELD). Year: 2007
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Example: Web-Enabled Landsat Data (WELD). Year: 2007
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Example: Web-Enabled Landsat Data (WELD). Year: 2008
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Example: Web-Enabled Landsat Data (WELD). Year: 2008
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Example: Web-Enabled Landsat Data (WELD). Year: 2009
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Example: Web-Enabled Landsat Data (WELD). Year: 2009
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