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Remote Sensing Group MODIS direct broadcast station

Moderate resolution imaging spectroradiometer
(MODIS) since 2002

« 36 bands
« 250m - 500m - 1 km resolutions

Advanced Very High Resolution Radiometer
(AVHRR) since 2001

- 5 bands

« 1.1 km resolution
Ecosystem applications terrestrial studies

( Wild fire detection

MODIS DB station Mexico City % _ Vegetation monitoring

] Land cover & change detection studies
Mangrove National Inventory

Oceanic studies

Sea Surface Temperature (climate change)

Chlorophyll -a concentration (ocean colour)
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Introduction

Land cover monitoring

.Land cover monitoring is a major topic for different tasks like landscape management or biodiversity
assessment in order to define environmental policies.

.Land cover / land use mapping requires resource intensive procedure to extract valid information
from remote sensing data.

.For better understanding of land surface dynamics, frequently identification of land cover changes
per year are required.

-Atmospheric conditions are the most limiting factor in using optical remotely sensed data.
-Up to now almost all land cover approaches focus on discrete instead of continuous classifications.

Development of an automated operation chain using hypertemporal MODIS data for land cover
processes monitoring
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Objectives

Hypertemporal MODIS framework

«Centralised data storage of “unlimited” raster data using MySQL database for distributed
processing capabilities (grid processing)

«Based on MODIS reflectance product for using multispectral information
Filtering of clouds and bad angle data for extracting consistent surface information
«Interpolation of gaps for monthly analysis

.Classification of dataset, continuous surface classes (fraction of trees, shrubs and bare
soil).
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System components

Computing stations

Python (Win / Linux)

DB server .Data import
Fileserver
MySQL 5 « MySQL, MySQLdb, GDAL,

Python, HDF library, gnosis
(Python XML processing)

.Data filtering
« MySQL SP's

Interpolation

« Python, NumPy, gnosis

.Classification

« Python, NumPy, gnosis,
LIBSVM

Workstations for Validation and Interpretation

ArcGIS (Win)




MODIS data

“) EOS Data Gateway:

ary Data Search

File Edit View History Bookmarks Tools Help 2

& - -@ {3} B nttp:/rdelenn.gsfena jims-binfpub/nph-ims.cgitsid=118; -00: [ [ | { [ eos data gateway &) ©l-

M centos [rsupport [ Index of /mapaserv... [ Index of ftp:ilectu... [E3BBC- UK

Google 2 [3 - @ [~ Ef - ¥9 Bookmarkss " Check ~ % AutoLink §-|AutoFill [#Sendter 4 [Gleos [E data [E gateway (@ Settings~
Search Creation: n

@ Primary Data Search
Have a question. a problem, or a comment?* | Help for this page
Skip navigator (text browsers) Save/Restore search | Clear search
Starred links open new
T Choose Data Sets TextSearch:[ o |[Help

Search and Order

User Preferences

>Search Creation
Search Status
Results: Data Set
Results: Granule
My Folder
Shopping Cart
Exit to Home

>Data Search
Detailed Document
Summary Document
AIRS Browse

Tutorial

FAO

User Manual

User Support Contacts*
Check Order Status
Other EDG Sites

HDF Viewing Tools

Ask a Question

Report a problem
Comment form*

Pick a di pic (for example: ), then choose from the list of data sets.
For nuitiple topics: choose one topic & data sets, then the next topic & data sets.
To select/deselect* more than one data set, use Gtri-click for PCs; Apple-click for Macintosh.

MODIS/AQUA SURFACE REFLECTANCE DAILY L2G GLOBAL 506M SIN GRID V004

MODIS/AQUA GEOLOCATION ANGLES DAILY L2G GLOBAL 1kM SIN GRID DAY V004
MODIS/AQUA GROSS PRIMARY PRODUCTIVITY 8-DAY L4 GLOBAL 1KM SIN GRID V005
MODIS/AQUA LAND SURFACE TEMPERATURE/EMISSIVITY 5-MIN L2 SWATH 1KM V004

View Data Set Definition Choose Data Set Keywords
Atmosphere: Cryosphere: Land: Oceans:
(" AIRS/AMSUA/HSB ¢ MODIS/Terra (" AMSR/AMSRE  AMSRAMSR-E ¢ ADEOS
" AMSR/AMSR-E " MOPITT " AVHRR ¢ ASTER " AMSR/AMSR-E
¢ AVHRR ¢ OMI/Aura © ESMR/SSMR " AVHRR ¢ AVHRR
" CERES/Aqua " SAGE  GLAS/ICESat  GLAS/ICESat ¢ GLAS/ICESat
" CERES/Terra © SSM/I © MODIS/Aqua " Landsat 1.5 " MODIS/Terra
 CERES/TRMM " TES/Aura  MODIS/Terra " MISR " SEASAT
 GLAS/ICESat © TOMS © SAR # MODIS/Aqua € SEAWIFS
 MISR ¢ TRMM © ssM ¢ MODIS/Terra € sSMAI
" MLS/Aura © UARS £ ssMA
" MODIS/Aqua
"By Discipline” not ? Use the non i version
By Discipline O By Categories/Attributes

Choose a Data Search Type

® Primary Data Search O Data Granule ID Search

Choose Search Area

@ Find: | ]

Find location using

Projection: ORTHOGRAPHIC
Tangent: 13.0000° Lat, -98.0000° Lon
Points in clockwise order are:
24.7447° Lat, -109.6311° Lon
24.8381° Lat, -88.8464° Lon
12.2565° Lat, -89.5044° Lon
12.1717° Lat, -108.7958° Lon

Change Orthographic Map (java) selection |

E{

Solar/Other:

" ACRIM
" Field/In Situ
" GLAS/ICESat
(" SORCE
 UARS

O Local Granule ID Search

MODIS/Aqua, Surface Reflectance Daily L2G Global

H 500m Sinusoidal grid, V004

Done

Earth

Observing System

Data Gateway

e One daily image per tile ~ 147 MB
* One year per tile ~ 54 GB
e Mexico requires ~ 7 tiles ~ 378 GB
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MODIS data preprocessing - original data set




MODIS data preprocessing - data filtering

MODOQ9GST - Data availability for best pixels

Filtering by best QA

10 Days «QA (Quality Assessment) objective is to evaluate
scientific quality of products products generated from
MODIS data

0 Days

«Resampling QA from 1km to 500m and filter MOD09
using following criteria:

. Bits 0-1, Cloud state=00, clear
« Bits 3-5, Land/Water mask flag=100, land

. Bits 6-7, Aerosol quality=00 or 01 or 10,
climatology or low or average.
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MODIS data preprocessing - data filtering

olation processi
e En




MODIS data preprocessing - quality of interpolated data
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Classification of daily data

Support vector machines

Approach can be used for the extraction of discrete and continuous land cover classes
(Classification and regression)

.SVM are Non-parametric classifiers like artificial neuronal networks or decision tree
classifiers, Non-parametric models differ from parametric models in that the model
structure is not specified a priori but is instead determined from data

.No problems with overfitting and designing network topologies

.Part of machine learning SVMs are used for classification tasks based on statistical learning
theory
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Identification of continuous/discrete fraction data

Support Vector Machines / Support Vector Regression

*Supervised learning method for classification and multivariate regression

*Considered a linear classificator useable also for non-linear classifications using a kernel trick
*Maximizes distances between hyperplanes.

LIBSVM — Open source library for SVMs. Chih-Chung Chang and Chih-Jen Lin

Hiperplane

w-x—b=0.

W vector points perpendicular to
Hyper-plane which divides classes.

If training data has linear separability
It is possible to maximize the distance
between the hyper-planes 2/|wj,
therefore we want to minimize |w|

w-x;—b=>=1 or
w-x; —b< -1



Goal is extraction of INEGI classes

Uso de suelo y vegetacion modificado por CONABIO
SIMBOLOGIA

Areas sin vegetarcion aparente
B Gosque de coniferas
distintas a Pinus
- Bosque de encing
- Bosgue de pino
[ Bosgue mesofio de maontana
Chaparral
. Ciudades importantes
B Cuerpos de agua
Manejo agricola, pecuario v
. forestal (plantaciones)
5}' Manglar
[ Matorral desertico microfilo
I Matorral espinoso tamaulipeco,
submontano ¥ subtropical
Matorral rosetofilo

Ecorregiones de México, COMABID

B Matorral sarcocrasicaule
B Mezquital-huizachal
Pal rar
Pastizal natural
B Fopal v tular
Sabana
B Selva afta perennifolia v subperenmfu:ulla *-
Selva baja caducifalia v subcaducifolia
o Selva baja perennifolia, subperennifoliay esplnnsa:q"
B Selva mediana caducifalia w subcaducifalia
B Selva mediana perennifolia y subperennifolia
YVegetacion de galeria
| YWegetacion de suelos arenosos 200 0
YVegetacion halofila v gipsafila Ta—




Unsupervised classification based on phenology 2005

% #3 Interactive Class Tool

File Edit Optionz Help

Active Class . {nclassified

1 On . |§JnclassiFiet| - On . |:S baja
i On . |:§:aqua 1 On £ haja y agrico
. |:S baja
2 On Bin vegetation A On . |;E ping

riudad A On

W

Es‘ln vegetation

5
s
E
g

B ping
Fiudad A On % alta
Tiudad -1 On 5 alta
Bgricola - On

Bgricola -1 On

Bgricola - On

i On Bgricola 1 On
2 On Bgricola - On
2 On £ baja I On -~
)
i 5 baja i On ]
Z ‘-"
CONABIO

£ baja A On

T

Lt

% baja

{
|
i
|

R



Analysis of class composition

Bosque Selva
1,1 1,1
1 I
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Analysis of temporal characteristics
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MODIS data preprocessing - composite creation (500m 721 RGB)




MODIS surface reflectance (500m 721 RGB)




MODIS surface reflectance (500m 721 RGB)




Characteristics of hypertemporal Data

Tropical evergreen rain forest Tropical deciduous forest

Agricluture

Oak forest
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Characteristics of hypertemporal data

Vegetation Cycles
Perennial

Deciduous

Agricultural areas

frequency = 0 averagi
frequency = 1 (annual cycle)
frequency = 2 (6 months cycle)

'0.4 L) L) L) L]
0 90 180 270 360 -
Days i’g"
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Extraction of continuous fraction data

High resolution training data — SPOT 10 m

4 classes: herbaceous/shrubs, trees, bare soil, others: water, clouds, shadows, etc.
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Extraction of continuous fraction data

High resolution training data — SPOT 10 m




Extraction of continuous fraction data

Land cover fraction from SPOT data adjusted to MODIS resolution

Trees

Shrubs/ \ Bare soil

i% Herbaceous ™




Extraction of continuous fraction data - using SVR

Apply algorithm for regression - SVR

Training data

derived from Trees

SPOT data SRR o 73 )
el B F Herbaceous are sot
500 m =




Extraction of continuous fraction data - using SVR

Original training data

A

*Preservation of structures

Trees

Shrubs/ Q Bare soil

Herbaceous
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Extraction of continuous fraction data using SVR

Shrubs/ |

Bare soil &
Herbaceous
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Status

.Framework is developed in Python, MySQL as DBMS

.Implemented functionalities

Data import, filtering (QA and angles) and linear interpolation

Dynamic composite creation

Profile generation

Regression (still file based)

&)




MODIS Swath data reprojection

X ModisswathTool - 0%
File Action Help
Source Destination
Input File I = =
07279,1746.001.2007275175602 hai] ‘ Open Input File . ‘ | AUl ‘
Qutput File
I t File Info: View Metadata ... 7
nput Bl It iR B/glopez/M ODIS_composites HDFfMODO2 QKM 11|
[Total Number of Bands: 4 = Output File Type
Drata Type: (UINT 16, UIMT 16, UINTE, UIMTS )
Number of lines: { 5480, 6480, 5480, 6480 ) \GEOTIFF v|
Mumber of samples: {5416, 5416, 5416, 5416 ) :
Lat/Long of Upper-Left Corner: { 27, 584416 -119.095115 ) Resampling Type
Lat/Long of Upper-Right Corner: ( 27.584416 -93 860777 ) [Nearest Neightor ~|
Lat/Long of Lower-Left Corner: ( 10.131318 -11%.0%8115 ) |
LatiLong of Lower-Right Carrer: { 10131318 -93. 860777 Output Projection Type
o |Geugraphic - ‘
Available Bands: 2 Selected Bands: 2
Ev_250_RefSE_Uncert_Ind EV_250_RefSE_b0 | Edit Projection Parameters .. |
Ev_250_RefSE_Uncert_Ind — EV_250_RefSBE_b1
Qutput Data Type
e ‘ |Same As Input Data Types - ‘
Qutput Pixel Size
0.0022500225 | degrees
Spatial Subset: | Input Lat/Long v|
Commands
Latitude Longitude ‘ Load Parameter File ... |
UL Comer:  [27.584416 |[11s.0s8115 | [ e — |
ave Farameter File ...
LR Corer  [10.131318 |[e3.860777 | Parameter File
Geolocation File
[07279.1746.001.2007279175602.hdf] | Open Geolocation Fi... ‘ ‘ Run | ] Exit |
X Sstatus — ol

™ e
output projection parameters: 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00

SDS nane #oands in S0 #hands to process
1) EY_250_RefSB 2 2

Processing EV_250_ReTSE, O ...
oytput Tines/samples: 7757 11216
output pixel size: 0.0023
output data type: same as input
autput upper Teft corner: lat  27.58441600 long -119.09811500
autput lower right corner: lat  10.13324166 Jlong -93.86411251
input lines/ssamples: G480 5416
input resolution: 250 m
%% complete: O 10% 208 30K 40% 505 GO 7Ok 80% Q0% 100%

FProcessing EV_250_RefSB, 1 ...
output Tines/samples: 7757 11216
output pixel size: 0.0023
OUTRUT fata Type: same as input
output upper left corner: lat 27.58441600 long -119.059811500
output lower right corner: lat  10,13324166 long -93.864112591
input lines/ssanples: G480 5416
input resolution: 250 m
%% complete: O 10% 203 20% 40% 50% 60X 703 B0% Q0K 100%

End Time: Sat Oct 6 16:54:11 2007
Finished processing!l
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The MODIS Swath-to-Grid Toolbox
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NALCMS - CCRS monthly MODIS composite

wi

 Reflectances at Top of the
Atmosphere

250 m spatial resolution,
downscaling for bands 3-7 ()
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Summary and outlook

Framework

.Adapt import function to swath data, ingesting MOD09 and correct BRDF
.Test prototype and fix bugs
«Implement regression functionality to database system

.Enhance filtering algorithms for small clouds and cloud shadows

Analysis

.Enhance the basis of training samples, maybe use field data, why not?

.Design classification scheme for classes with dynamic spectral behaving

.Validate results with high resolution (SPOT / IRS) data
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“, {Viva México cabro
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