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Editor’s Comments

Steven C. Reising

Department of Electrical and
Computer Engineering
113B Knowles Engineering
Building

University of Massachusetts

Amherst, MA 01003-4410

TEL: 413.577.0697

FAX: 413.545.4652

E-Mail: reising@ieee.org

Thisissue of the GRS-S Newsletter containsafeaturearticle,
two industria profiles, and new color advertisements for up-
coming IGARSS symposia Thefirstindustria profile describes
the recent activities of ProSensing Inc., a systems engineering
firmin Amherst, MA, specializing in custom-built radar and ra-
diometer systems for a wide range of environmental remote
sensing applications. The profile includes brief descriptions,

with accompanying color photographs and data images, of
L-band radiometer systems for salinity mapping and millime-
ter-waveradarsfor cloud detection. Thefeaturearticle of thisis-
sue describes recent development of a real-time system in the
Canary Idlands for acquisition, processing and distribution of
AVHRR and SeaWiFSimagery. The cover figureillustratesthe
system and the utility of combined imagery to investigate the
coonnections between sea surface temperature (SST) and
phytoplankton concentration. The system isoperated by the Re-
mote Sensing Center at the University of LasPalmas, Spain. The
second industrial profile describes recent research and devel op-
ment at Definiens AG in Munich, Germany. Their recent prog-
ress centers on the improvement of remote sensing image
analysistechniques by using multi-resol ution segmentation and
rule-based classification, based on fuzzy logic operations.
Definiens analysis software stores attributes and contextual in-
formation with each image object in the hierarchy, thereby en-
hancing the capabilities of datafusion and classification.

On adifferent, farther reaching note, the events of Septem-
ber 11 have undoubtedly touched us al. Along with Werner
Wiesbeck and the GRS-S Newdletter editorial board members,
| extend my deepest sympathy to those who were affected by
the events on September 11.

Message from the President

Werner Wiesbeck

Institute for Microwaves and
Electronics

University of Karlsruhe

Kaiserstr.12

D 76 128 Karlsruhe

Germany

Tel.: +49-721-608-2522

Fax: +49-721-69 18 65

E-Mail: werner.wiesbeck@
etec.unikarlsruhe.de

Themessagethat | originally had in mind prior to the events
on the 11th of September isno longer appropriate. No internal
IEEE activities and tasks, hor GRS-Society occurrences are
relevant enough to express the feelings or required actions of
all people of the free world.

Religiousterrorism has existed sincethe earliest days of hu-
mankind. Recall, for example, actions occurring under the
cover of voodoo or under the name of Christianizationfor more
than athousand years. We have become accustomed to believe
that these events bel ong to the past, since most of them date at
least 300 to 500 years ago. It seems, however, that not al reli-

gious activities of this kind have overcome the Middle Ages,
and thus terror continues.

The question for usnow iswhat can remote sensing contrib-
ute to peace, to well-being, and to the future of humankind. In
my mind telecommunication and remote sensing have the
greatest potential to secure for the whole world afuturethat is
worth living.

continued on page 4

Cover Figure Information

Top: Dataacquisition, processing and distribution system
for AVHRR and SeaWiFS imagery in the Canary |slands.

Middle: Composite of multitemporal and multisensor
images acquired and processed at the Remote Sensing
Center of the University of Las Palmas, Spain.

Middle left: Sea surface temperature (SST) images from
August 1999,

Middle right: Ocean color images from March 1998,

Bottom: Multisensor SST and phytoplankton pigment
concentration images on 24 April 1999.

See the article beginning on p. 10 for details.
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President's Message
continued from page 3

Within the GRS-S we can take heart that as a professional
society westrivein every way to apply remote sensing technol-
ogy to the betterment of humankind. This outstanding attitude
isprevalentinour pursuitsof, for example, improved landmine
detection, severe weather monitoring, agricultural manage-
ment, natural hazardsdetection, and di saster management —to
namejust afew areas. Therearea so many military activitiesin
remote sensing, not so well known to most of us, for surveil-
lance of strategically hard and soft targets such as missile
launchers, command centers, and nuclear plants, along with
recognition of the deployment and test of chemical or biologi-
cal weapons, and so on. We can take pride in our membership
for the positive motivations that guide their work.

| suspect (indeed, | would hope) that each of us will now
take sometimeto dig alittle deeper into what should (or even
can) the GRS-Society do as aconsegquence. Associety leaders,
areweprompting asbest aspossiblethe search for yet untapped
means of using remote measurementsto thwart terrorist occur-
rences? Are we promoting the devel opment of remote sensing
systems to help minimize their consequences, for example, in
disaster management? Can weinvigorate discussion of theper-
tinent application issues, for example, the potential and impact
of widespread surveillance for public safety? Can we acceler-
atethird-world economic stability by faster realizing the prom-
ises of remote sensing? Technical solutionsto problems of this
nature are rarely obvious, but the charge to seek them now
seems to be very clear.

| think | speak for the whole society by extending our deep-
est sadness and warmest sympathy to all our American and in-
ternational colleagues who might have been affected on
September 11.

Werner Wiesbeck
GRS-S President

P.S.: This message contains passages from correspondences
withinthe Society, especially from Drs. Albin J. Gasiewski and
Wooil M. Moon.
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INDUSTRIAL PROFILE

PROSENSING

SYETEMS ENGINEERING FOR ENVIRONMENTAL REMOTE SENSING

James Mead, Ivan PopStefanija, Andrew Pazmany, principals

ProSensing Inc. 107 Sunderland Road, Amherst, MA 01002 USA

Telephone: 413-549-4402; Facsimile: 413-549-5203

mailto:info@prosensing.com; URL: http://mmww.prosensing.com

Introduction
ProSensing is a systems engineering firm specializing in
custom-built radar and radiometer systemsfor awiderange of
environmental remote sensing applications. Founded in June
2000, ProSensing recently merged with Quadrant Engi-
neering, which began building custom remote sensing instru-
mentsin the early 1990s. Our company hasahighly qualified
technical staff, with expertise in electromagnetic scattering
and propagation, microwave systems, antenna design, radio-
metric techniques, radar oceanography, radar meteorology,
high speed dataacquisition, and digital signal processing. Our
customers include government research agencies, university
research groups, and large corporations in North America,
Europe, and Asia
Instruments developed by ProSensing and Quadrant Engi-
neering arenow inusein avariety of applicationsworldwide:
» High power polarimetric millimeter-wave cloud radars
(ground-based and airborne)
* Salinity mapping airborne radiometers
» Ocean wind vector and wind speed measurement systems
(active and passive)
« Highresolution W-band radarsfor surfaceimaging appli-
cations
* Dual polarized, high spatia resolution (1m x 1m) ocean
surface imaging radar
* Multi-beam Delta-K radar for ocean current mapping
» Synthetic aperture radiometers operating at 1.4 and 37
GHz
« Chaoticradar for automotivecollision avoidance systems
In addition to these instruments, we have also developed a
number of high performance data acquisition systemsfor high
throughput raw data storage or for applications requiring
real-time processing.

Recent Activities
ProSensing has several recent and current projectsthat em-
phasize the interaction of our staff with external scientists and
engineers to develop new instrumentation for terrestrial, oce-
anic, and atmospheric remote sensing.
» Teamed with researchersfrom NASA GSFC and the Uni-
versity of Massachusetts, we are developing an airborne

Figure 1. Airborne Research Australia’s Cessna 404 with the

S FMR mounted beneath the fuselage. The aircraft is equipped with
a general-purpose flight data acquisition system and navigational
systems that provide precise environmental and positional data which
is merged with passive microwave measurements fromthe SLFMR.

dual-polarized, two-dimensional thinned array radiome-
ter for soil moisture and salinity imaging.

» Werecently completed work withthe US Naval Research
Laboratory on the development of a precision salinity
mapping radiometer employing a secondary radiometer
for characterizing surface roughness.

» Our company is working with engineers from Raytheon
and scientists from the US Office of Naval Research to
add aweather radar signal processor to two electronically
scanned tactical radar systems.

Some examples of custom systems devel oped by our com-

pany are provided below.

Salinity Mapping Radiometer Systems
TheAirborneL-Band Radiometer Mapping Systemwasde-
veloped by Dr. Mark Goodberlet at ProSensing along with re-
search scientists from NRL and NOAA[1]. The system
includes two radiometers. a Scanning Low Frequency Micro-
wave Radiometer (SLFMR) that detects changesin both ocean
surface temperature and salinity and a dual-channel infrared
radiometer that provides a direct measurement of the ocean
surface temperature. The output of these instruments is com-
bined to estimate sea surface salinity with an accuracy of 2-3
parts per thousand (ppt). Thelatest version of SLFMR, termed
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L
Figure 2. A single airborne surface salinity map obtained during
the 2000-2001 monsoon season showing freshwater plumes origi-
nating from the Johnstone and Russell/Mulgrave river basins, re-
spectively, in the south (lower) and north (upper) part of the survey
domain. A succession of such images obtained during the
1999-2000 field season has been used to study the structure and
evolution of the Herbert River Plume [2]. Color scaleisin ppt.

STARRS (Salinity Temperature and Roughness Remote Scan-
ner), uses six independent 1.4 GHz Hach radiometer channels
to simultaneously generate six cross-track beams. The
STARRS system a so includes a Stepped Frequency Radiome-
ter (SFMR) that correctsfor changesin brightnesstemperature
dueto ocean surface roughness. The resultant accuracy is esti-
mated to be better than 1 ppt.

An Australian research group comprised of aconsortium of
government and academic research agencies recently pur-
chased an SLFMR from ProSensing. The new instrument was
deployed on a twin-engine Cessna 404, as seen in Figure 1,
owned and operated by Airborne Research Associates of
Adelaide, South Australia. This group, led by scientists from
Flinders University, James Cook University, and the Austra-
lian Ingtitute of Marine Science, hasreceived substantial finan-
cial support from two Australian Research Council grants and

is actively supported by the Great Barrier Reef Marine Park
Authority and other Australian universities. Thegroupis pres-
ently utilizing theinstrument to investigatethe structureand in-
fluence of freshwater plumes originating from tropical rivers
flowingintothe Great Barrier Reef Lagoon, and to study thein-
fluencesof environmental factorson surfacesalinity retrievals.

The instrument was flown successfully over the GBR La
goon during the 1999-2000 and 2000-2001 austral summer
monsoons [2]. The field surveys returned a succession of air-
borne surface salinity maps, shown in Figure 2, which together
with surface “sea truth” measurements yielded data useful for
classification of the plumes, and for studying plume distribu-
tion, dynamics, and evolution. The data are being analyzed to
yield vital information on the frequency, extent, and character
of freshwater influence on the status and health of theregion’'s
cora reefs, which together comprise the extensive and valu-
able Great Barrier Reef World Heritage Area.

High Power Millimeter-Wave Cloud
Radars

Since 1993, we have built one Ka-band (35 GHz) and five
W-band (95 GHZz) cloud radars for mobile and airborne opera-
tion (see Figure 3). Millimeter-wave cloud radars achieve high
sensitivity with small antennas and moderate transmit power
due to the enhanced scattering efficiency of small cloud parti-
clesat short wavelengths. The transmitter used at both Ka- and
W-bands is an Extended Interaction Klystron Amplifier built
by CPI, Canada. These tubes generate 1.5 kW of peak output
power with a duty cycle up to 15% at Ka-band and 10% at
W-band. All of these radars include a complex RF switching
network in the front-end, including up to 11 low-loss latching
circulators. This network alows pulse-to-pulse polarization
switching on transmit and simultaneous reception of vertical
and horizontal polarization on receive. Polarimetric data pro-
videsinformation on particle shape and orientation and can aid
in the estimation of rain rate and in ice/liquid discrimination.
Specific polarimetric data products that can be measured in-
clude differential reflectivity, Zpg, linear depolarization ratio,
LDR, and the copolarized correlation coefficient, py,. Other
data products routinely measured include reflectivity, Z,
pulse-pair derived velocity and velocity variance and FFT de-
rived power spectra.

Two of thefive W-band cloud radars were designed for air-
borne use; the first of these was delivered to the University of
Wyoming in 1995. Since that time, the Wyoming system has
participated in eleven field experiments, successfully flying
over one hundred missions in the continental US and Europe
[3-5]. In 1996, we were subcontracted by Mitsubishi to build
the RF and data acquisition units for SPIDER, an airborne
W-band cloud radar operated by Japan’ s Communications Re-
search Laboratory (CRL). SPIDER ismounted inachin pod on
a Gulf Stream aircraft, and employs a pressurized, liquid
cooled enclosure compatible with flight altitudes up to 42,000
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SPIDER

Figure 3. Polarimetric millimeter-wave cloud radars built by ProSensing are currently operated by customersin the US, Ger-

many and Japan.

feet. CRL hasalso used the SPIDER system in ashipbornein-
stallation operating in subtropical regions.

The most recent W-band system, built for Mitsubishi Cor-
poration, the prime contractor, was combined with a Ka-band
radar to provide a mobile cloud and precipitation observation
system for Japan’s National Research Institute for Earth Sci-
ence and Disaster Prevention (NIED) [6].

Customer web sites for some of the millimeter-wave radar
systems are listed below:

» University of Wyoming's Department of Atmospheric

Science; WCR system: http://www-das.uwyo.edu/wcr/

* GKSS Research Center; MIRACLE system: http://

w3.gkss.de/english/Radar/miracle_engl.html

e Communications Research Laboratory (CRL); SPIDER

system: http://lwww2.crl.go.jp/kalearth/SPIDER-e.html

Figure4. Liquid-cooled 95 GHz cloud radar and stand-alone in-
strument controller. Fans for optional heat exchanger are mounted
on ends of RF unit.

Signal Processing Capabilities

Our company has built data acquisition and signal process-
ing systemsfor avariety of radar and radiometric applications.
Recent systemsinclude a 32-channel digital receiver with raw
data storage up to 160 Mbytes/s using commercia V XI based
digitizersfor adigital beamforming antennaapplication, and a
12-channel cross-correlator card, shown in Figure 5, that can
support up to 32 MHz video bandwidth per channel.

Concluding Remarks

Severa other instruments are currently under devel opment
at our company, including amulti-frequency (10, 35, 95 GHz)
radar system for aircraft icing avoidance and a solid-state
W-band cloud radar for airborne or ground-based use. Addi-
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ADCs, ASIC digital receiver with digital LO and decimation filter,
and high performance Altera’s APEX 20KE family FPGA.
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tional information on ProSensing’s capabilities can be found
on our web site at www.prosensing.com.
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1. Introduction

During the last few years, the growth of remote sensing
techniques, along with advances in image processing, has
provided a new perspective of Earth’s environment. These
technol ogies have expanded scientific knowledge about the
complex interactions between the atmosphere and the ocean,
affecting climate and the environment.

Remote sensing isof great interest for the Canarian Archipel-
ago, allowing the study of its marine environment. Particularly,
oceanographic studies of the mesoscale structures of the water
surrounding the Canary |dands have been carried out using data
provided by CZCS (Coastal Zone Color Scanner), AVHRR
(Advanced Very High Resolution Radiometer) and SeaWiFS
(Searviewing Wide Field-of-view Sensor).

Remote sensing activities at the University of Las Palmas
beganin 1987, starting with the Faculty of Marine Sciences, as
atool for understanding the dynamics of the surrounding ocean
areaof the Canary |slands. Morerecently, image processing re-
searchersfrom the School of Telecommunication Engineering
at L asPalmas have participated with the Faculty of Marine Sci-
ences in several projects. Finally, an important collaboration
has been established with the image processing group of the
Polytechnic University of Catalonia. Among the activities ac-
complished the following stands out:

* Integration of ared time satellite HRPT data acquisition,
processing, archiving and distribution system (see cover im-
age, top pandl).

* Performing the above processes automatically with the ca-
pability to remotely monitor and control theentire system.

» Development of methodol ogiesto process oceanographic
images of interest.

* Providing images to several research groups.

In the remainder of this paper, the devel oped contributions

are explained in greater detail, followed by areview of com-
pleted as well as upcoming projects.

2. Automatic HRPT Data Acquisition
System
The TIROS/NOAA series of satellites are placed in a sun-
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Figure 1. HCAN coverage area within the SeaWiFS Project.

synchronous polar orbit having a period of about 102 minutes.
One of theinstrumentson board isthe AVHRR radiometer, pro-
viding data in five (AVHRR/2) or six (AVHRR/3) spectral
bandsranging fromthevisibleto infrared (0.58 — 12.5 um) with
a satellite subpoint spatial resolution of 1.1 km.

Thousands of researchers around the world have processed
the AVHRR data for severa motivations and applications.
Among them, the early launch of the first TIROS-1 satellite in
1969, the NOAA commitment to guarantee an on-going opera-
tional program of polar-orbiting satellites, the frequent revisit
time (12 hours with one satellite) and open access to the sensor
downlink. Thisresearch hasled to continuous growth of ground
receiving stations, consequently encouraging the appearance of
severa station manufacturers.

Onthe other hand, the SeaStar (or Orbview 2) spacecraft was
launched in 1997 onasimilar orbit asthe TIROS/NOAA, flying
the SeaWiFSradiometer asthe unique payload. That instrument
includes eight spectral bands, five in the visible region and two
inthenear IR (0.412—-0.865 um), with the main objective of ac-
quiring ocean color dataon agloba basisduring aperiod of five
years, a the same spatial resolution as the AVHRR. It isworth
mentioning that the reception and processing of the SeaWiFS
imagesiscarried out within the framework of the ScaWiFSPro-
ject, managed globally by NASA for the scientific utilization of
thedataand by Orbital SciencesCorporation (OSC) for the com-
mercial exploitation of theinstrument. Thereceiving ground sta-
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tion, named HCAN, (additional
information at http://seawifs.gsfc.
nasa.gov/SEAWIFS.html) is an active
part of the NASA project. The data re-
ceived by the sensor is encrypted before
transmissionto Earth, soall receiving sta-
tions require a Seastar Ground Processor
(SGP) to successfully retrieve the
downlinked data. It is important to em-
phasize that HCAN station is the only
Spanish downlink station with the capa-
bility to decrypt thedatainreal time. Only
afew stations around the world have this
status. The mgjority of receiving systems
have to store the encrypted data for a pe-
riod of two weeksbeforethey areallowed g =
to decrypt the data. Teen

For the orbital parametersof both sat-
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ellites, Figure 1 shows the coverage of
the station, which iswithin a circle cen-
tered at the Canary Islands with aradius
of approximately 3000 km.

As previously mentioned, it is now possible to buy ground
receiving stationsfor AVHRR and SeaWiFS HRPT datafrom
many suppliers. In general termsmost of the users of receiving
stations are interested only in obtaining the satellite data and
not in the acquisition chain per se. However, the goa in this
case was to have a modular and open system to make interac-
tion feasible.

TheHRPT DataAcquisition Systemiscomposed of theele-
ments shown in Figure 2. The general processing and distribu-
tion systems shown are described below.

The main loca contribution to the original HRPT station
wasthe automation of the daily tasks and the development of a
monitoring and control (M& C) system that can be controlled
remotely.

2.1 Automation of Processing

The acquisition system automatically tracks the satellites
and archives the raw data to the hard disk. In addition, a new
step was added to transmit the raw datato the processing work-
station via FTP, but only if there is no conflict with
downlinking from a new satellite.

For SeaWiFsS, the processing to higher levels (1A and 2) is
doneautomatically and theresulting level 2 filesare processed
to eliminate unnecessary data. In addition, the generated level
1A filesare forwarded to the FTP server, and anotification is
sent to NASA so they can download thefiles.

For AVHRR, the subsequent processing steps (radiometric,
atmospheric and geometric corrections) are carried out auto-
matically to obtain sea surface temperature maps.

Inconclusion, all the daily acquisition and processing activ-
ities are performed without human intervention. The only ex-
ceptionisinthearchiving chain, whereit is necessary to insert

Figure 2. Block diagram of the ground system architecture.
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Figure 3. Processing levels hierarchy. (a) NOAA-AVHRR data and,
(b) SeaStar-SeaWiFSdata.
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and extract CDs and Exabyte tapes from the corresponding re-
cording systems.

2.2 Remote Monitoring and Control System

One of the critical requirements for an operational
spaceborne system is to maximize the reliability, because any
failure could mean a loss of unrecoverable data. In order to
achieve complete and permanent monitoring without the need
for operator presence in the station, a monitoring and control
(M&C) system was developed that can be accessed remotely
vialnternet in asecure way. The M& C system enables the re-
mote execution of anumber of commands, aswell as tracking
the status and processing level of avariety of images.

If afailure occursin the acquisition or processing systems,
an e-mail notification isgenerated automatically to providein-
formation about the anomaly and to aid in assessment of the
time scale on which areaction is needed.

Tosummarize, thesetwo upgradeshavebeencritical for the
operation and maintenance of the system, to achieve high reli-
ability and to avoid the need to recruit a staff to operate the en-
tire system. These tools have also been of great importance
during oceanographic campai gnsto guarantee dataavailability
inreal time.

3. The Processing System

Satellite remote sensing technologies can provide large
amounts of data on the state and evolution of terrestrial envi-
ronments. The utility of theseradiative data, collected in space
to address concrete problems at the surface of the Earth, de-
pends on the capability to extract and interpret useful informa-
tion on the geophysical processes of interest.

Several factors have necessitated the establishment of a hi-
erarchy of processes to alow the generation of operational
products on the user level and the development of precise, au-
tonomous and efficient processing algorithms, (1) thetechnical
complexity of contemporary remote sensing systems, some of
which have significantly off-nadir viewing capabilities (i.e.
NOAA-AVHRR and SeaStar-SeaWiFS), (2) the different lev-
els of processing involved to obtain geophysical parameters,
(3) the interest in multi-temporal and multi-sensor studies and
(4) the increasing requirementsfor accuracy and temporal res-
olution of satellite measurements.

Figures3(a) and (b) showstheflowchartsof the processing
hierarchy levels applied to NOAA-AVHRR and SeaStar-
SeaWiFS data respectively. The following sections describe
briefly the data processing steps to generate operational prod-
ucts, including sea surface temperature (SST) and ocean color
imagery, for various scientific fields, such as oceanography,
meteorology and fishery [2, 11].

3.1 AVHRR Data Processing

The main god of AVHRR processing is to generate products,
typicaly SST maps, that are optimized for the science gpplications
following the requirements recognized in the World Climate Re-

search Program [1]. Thisresearch work isfocused on the devel op-
ment of a systematic method for processing NOAA-AVHRR im-
ages[8]. At present, the AVHRR data processing steps have been
identified (see Figure 3a, left) and processing tools have been im-
plemented and tested in the Remote Sensing Center, including
someimprovementsinthe standard procedure[6, 7]. Thefollowing
steps summarize these procedures.

1. Radiometric Calibration: For theNOAA-14 AVHRR sen-
sor, a radiance-based nonlinear correction method is used
based on that described in[19]. This procedure correctsthein-
strumental effects of the AVHRR thermal infrared channels
centered at 10.8 um (channel 4) and 12 um (channel 5), whose
Hg-Cd-Te detectors exhibit small but well-characterized
nonlinearities in their response to incoming radiation. Addi-
tionally, it assigns a non-zero radiance to the response to cold
space. That radiance is converted to brightness temperature,
whichisthe quantity of interest, using theinverse Planck func-
tion with the appropriate wavelength numbers provided by
NESDIS[12].

2.Cloud Detection: Themulti-band threshold method pro-
posed in [16] has been extended and adapted to the region
of analysis (Canary-Azores-Gibraltar, referred to as
CANIGO area) to computethe cloud mask, based on exper-
imental data[6].

3. Atmospheric Correction: The sea surface thermal radia-
tion received at the satellite has propagated through the inter-
vening atmosphere. To obtain SST from the brightness
temperatures of different channels, several atmospheric cor-
rection methods have been devel oped which are known collec-
tively asthe Multiple Window Method [1]. Ingeneral, retrieval
algorithmsinvolve linear combinations of satellite brightness
temperaturesobservedin channels4 and 5 (T4, T5), andfollow
the so-called split-window form, as reviewed by [1], [18].

A split-window function to perform atmospheric and
emissivity correctioninthe CANIGO areahasbeen devel oped.
Algorithm coefficients were estimated from regression analy-
sis using co-located in-situ and satellite measurements
(matchups) and by examining the dependencies on the vari-
ables T4, T5 and the satellite zenith angle. Error analysis has
shown that theoretically SST can beretrieved towithin 0.36°C
RMS [3], [7]. Data from the AVHRR Pathfinder Oceans
Matchup Database were used for validation purposes [15].

4. Geometric Correction: One of the principal difficultiesin
the widespread use of NOAA-AVHRR imagesistheir distor-
tion dueto the Earth’ s curvature and rotation aswell asthe sat-
ellite’s orbit and scanning geometry. A good overview of
existing methods for geometric correction of satellite data is
given by [2], [17]. In general the procedure for the
georeferencing of NOAA- AVHRR images is based on the
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combination of an orbital model and
Ground Control Points (GCPs).

A fully automatic and operational
procedure for the georeferencing of
NOAA-AVHRR images with high accu-
racy and without operator intervention has
been developed. The agorithm is based on
the simultaneous use of an orbitd modd
and a contour matching approach [4], [5],
[7]. The latter relies on an &ffine transfor-
mation model, and is used to correct the er-
rors caused by inaccuracies in orbit
modding, nonzero value for the space-
craft’ srall, pitchandyaw, andfailuresinthe
satdllite internal clock. Three different ro-
bust and automatic agorithms have been
proposed for optimization [9], with a new
error eimation technique for assessment
[8]. The geometric correction algorithm has
proved to be capable of georeferencing a
satellite image to within one pixd.

These radiometric, atmospheric and
geometric correction processes were im-
plemented using agraphica user interface.
Figure 4 illustrates the GUI, showing a
NOAA-AVHRR image (RGB).

3.2 SeaWiFS Data Processing

As previously mentioned, the purposes of the SeaWiFS
Project are to obtain accurate ocean color data from the
world’ soceansfor a5-year period; to processthese and ancil-
lary datato obtain meaningful biological parameters, such as
photosynthesisrates; and to makethese datareadily available
to researchers.

From a scientific perspective, obtaining ocean color data
has been a high priority since the beginning of the 1990s, as
recognized in National Research Council reportsfrom the Na-
tional Academy of Sciences[11].

The SeaWiFS image processing (Figure 3b, right) is per-
formed within theframework of the SeaWiFS project. The data
calibration, processing, and validation program includes the
SeaWiFS data calibration, agorithms for operational atmo-
spheric correction, and validation of the accuracy of derived
products. Atmospheric correction algorithms use external data
such as ozone concentrations and surface pressure fields.

Unlike the NOAA-AVHRR image processing, for which
ad-hoc agorithms were developed, the different processing
levelsapplied tothe SeaWiFSdataareincludedinthe SeaDAS
(SeaWiFS Data Analysis System) software package, devel-
oped under the NASA ocean biochemistry program [13] and
made available for research centers and associated users.
SeaDAS is a comprehensive image analysis package for the
processing, display, analysis, and quality control of al data
products and ancillary meteorological and ozone data.
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Figure 4. NOAA-AVHRR processing tool interface. This RGB composite image was ac-
quired on February 26, 2000 by NOAA-14 and shows a massive dust storm over the Canary
Islands, originating from the Sahara Desert.

4. The Distribution System

The distribution system is designed to provide any user
around the world simple and fast access to the AVHRR and
SeaWiFS data, generally viaFTP.

At the present time AVHRR level 1B images from the Ca
nary Islands station coverage area are supplied on Exabyte
tapes (or CDs) to the Joint Research Center (JRC, Ispra, Italy)
and to other Spanish research groups.

For SeaWiFS, accesstothedataispermitted only for research
purposes to NASA authorized users. A typica user requiring
real-time data is the University of Bremen. HCAN station has
been providing real-time level 1A images to NASA since Au-
gust 1997 and is at present avery active station, with more than
1700 images already distributed to the scientific community.

5. Imaging Applications

Satellite images are used widely in oceanographic studies.
For more than 20 years, sea surface temperature has been esti-
mated from all the oceans. The AVHRR, onboard the NOAA
satellites, has been the leading sensor for this purpose. In
contrast, phytoplankton pigment concentration images were
obtained for two separate periods: 1978-1986 from the CZCS
onboard theNimbus-7, and 1997-present from the SeaWiFSon
the SeaStar platform.

AVHRR and SeaWiFS have been considered the best
candidates for use in studies of climatology and mesoscale
phenomenafor their high swath, spatial and temporal resol u-
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tion. In particular, SST and pigment concentration, obtained
from these sensors, are the products of principal interest for
applied research.

The detection of the presence and evolution of mesoscale
structures in the surface layers of the ocean increased after the
launch of these satellites. After considering the ocean asalami-
nar flow, oceanographers began to study the ocean as a turbu-
lent flow filled with mesoscale structures, such as eddies and
upwelling filaments [10], [14]. These mesoscale phenomena
are clearly detected in the cover image. The middle two panels
of the cover image areacomposite of three consecutive days of
SST and phytoplankton pigment concentration images, respec-
tively. The bottom panel of the cover image showsacomposite
of SST and phytoplankton pigment concentration images for
thesameday. Thislastimagewascreated by superposing apor-
tion of aphytoplankton pigment concentration image (from ap-
proximately 13° to 15°W) over the SST image. In the cover
image, high values of phytoplankton pigment concentration
and cold seasurfacetemperaturesare observed along the north-
west African coast. From there, long filaments of high
phytoplankton concentration and cold water were flowing off-
shore. The correspondence between cold water coming from
the African coast and high phytoplankton concentration is un-
ambiguous.

South of the Canary Islands, cyclonic eddies detectable by
their cold seasurfacetemperature and high phytoplankton con-
centrations are observed in all the images shown. They arelo-
cated downstream from the islands at their west flanks. The
three consecutive images clearly show the shedding and south-
ward displacement of these structures.

6. Related Projects

The favorable results of the af orementioned cooperation
between theimage processing groupsand the oceanographic
researchers have spawned follow-up projects that are out-
lined below.

Image registration and fusion: Spatial registration of
multidate or multisensor imagesisrequired for many applica-
tionsin remote sensing, such asthe construction of image mo-
saics, DEM generation from stereo pairs, orthorectification
and multitemporal analysis. Once registered, the images can
be fused in away that improves information extraction. The
idea is to combine the data from several sensors such as
NOAA-AVHRR, SeaStar-SeaWiFS, TERRA-MODIS, and
ERS-ATSR in order to obtain operational products while de-
veloping automatic and accurate registration techniques.

Automatic detection and tracking of oceanographic fea-
tures: Upwellings, eddies and wakes play an important rolein
the study of ocean dynamics and fisheries. Theaim of this pro-
jectisto use different image processing tools to implement an
automatic method for the detection and characterization of
these structures, allowing very accurate location, contouring

and tracking of the evolution of the oceanographic structure, as
well as predicting its trajectory.

Cloud and aer osol detection in satelliteimages: The ma-
jority of techniquesapplied to detect and mask cloudsmake use
of multiband thresholds|[6], [16]. The objectiveisto automati-
cally and accurately detect the cloudy areas in any region for
any sensor. On the other hand, the detection and characteriza-
tion of atmospheric aerosolsisof great importancefor avariety
of reasonsincluding the frequent appearance of dense aerosols
in the Canary Island area (e.g., Figure 4).

Feature detection in high resolution images: In general
terms, land and some oceanographic applications usualy re-
quire high resolution images. To this end, the processing of
Ikonos or similar sensors is being considered in order to pro-
vide operational servicesto municipa governments and envi-
ronmental agencies, for example, crop evolution and planning,
and coastal pollution monitoring.

Acknowledgments

Thiswork was supported by the CICY T-Commission of the
European Communities (Project 1FD97-1167) and SeaWiFS
Project. The authors would like to thank Adriano J. Camps of
the Polytechnic University of Catalonia for his constructive
comments and suggestions.

References
[1] I.J. Barton, “Satellite-derived sea surface temperatures:
Current status,” Journal of Geophysical Research, vol.100, pp.
8777-8790, 1995.

[2] G. D’ Souza, A.S. Belward, and J.-P. Malingreau, Advances
intheuse of NOAA-AVHRR data for land applications, Kluwer
Academic Publishers for the Commission of the E. C., 1996.

[3] F. Eugenio, A. Hernandez-Guerra and J. Marcello, “Sea
surface temperature estimation using multi-channel infrared
measurements from AVHRR-NOAA 14 for the Canigo area,”
CANIGO Conference, Las Pamas de G.C., Spain, Abstract
book, 21-22, September 1999.

[4] F. Eugenio, F. Marqués, E. Suérez, y E. Rovaris, “ A contour
matching approach for accurate NOAA-AVHRR image navi-
gation,” Proc. X European Sgnal Processing Conference,
Tampere, Finland, vol. 111, September 2000.

[5] F. Eugenio, F. Marqués, L. Gomez, E. Suérez and E.
Rovaris, “Accurate and Automatic NOAA-AVHRR image
navigation using a global contour matching approach,” Proc.
2000 Int. Geoscience and Remote Sensing Symp., Honolulu,
HI, 2000, pp. 639-641.

[6] F. Eugenio, J. Marcdllo, A. Hernandez-Guerraand E. Rovaris,
“Methodol ogy to obtain accurate seasurfacetemperaturefromlo-
cdly received NOAA-14 data in the Canary-Azores-Gibratar
area,” Stientia Marina, vol. 65, pp. 127-137, 2001.

14 IEEE Geoscience and Remote Sensing Society Newsletter ¢ September 2001



[7] F. Eugenio, J. Marcello, A. Hernandez-Guerraand E. Rovaris,
“Improvements on the methodol ogy to obtain accurate and auto-
matic maps of sea surface temperature from NOAA-AVHRR
data,” Proc. 2000 Int. Geoscience and Remote Sensing Symp.,
Honolulu, HI, 2000, pp. 1827-1829.

[8] F. Eugenio, “Remote sensing image processing, modeling
and georeferencing: Automatic methodol ogy to obtain oceano-
graphic parameters,” PhD Thesis, University of Las Pamas,
Canary Island, Spain, December 2000.

[9] F. Eugenio, F. Marqués and J. Marcello, “Pixel and
sub-pixel accuracy in satellite image georeferencing using a
contour matching approach,” in press, Proc. |IEEE Interna-
tional Conference on Image Processing, ICIP’2001,
Thessaloniki, Greece, October 2001.

[10] A. Hernandez-Guerra, J. Aristegui, M. Cantén and L.
Nykijaer, “ Phytoplankton pigment patternsin the Canary Idands
areaas determined using Coastal Zone Colour Scanner data,” In-
ternational J. of Remote Sensing, vol. 14, 1431-1437, 1993.

[11] M. Ikedaand F.W. Dobson, Oceanographic Applications
of Remote Sensing, CRC Press, 1995.

[12] K. Kidwell, NOAA polar orbital data users guide.
NOAA/NESDIS/NCDC, Washington, D.C, 1999.

[13] C.R.McClainand K. Arrigo, SeaWiFSData Analysis Sys-

tem, NASA ocean biochemistry program (UPN
S79-11-03-20), NASA Technical Memorandum, 1996.

[14] M. Pacheco and A. Hernandez-Guerra, “Seasonal vari-
ability of recurrent phytoplankton pigment patternsin the Ca-
nary Islandsarea,” International J. of Remote Sensing, vol. 20,
pp. 1405-1418, 1999.

[15] G.P. Podestd, K.A. Kilpatrick, JW. Brown and R.H. Evans,
“AVHRR Pathfinder Oceans Matchup Data Base 1985-1995 (ver-
sion 19.0),” Data Report. Rosengtiel School of Marine and Atmo-
spheric Sciencies, University of Miami, USA, 1998.

[16] P.W. Saunders and K.T. Kriebel, “An improved method
for detecting clear sky radiancesfrom AVHRR data,” Interna-
tional J. of Remote Sensing, val. 9, pp. 123-150, 1988.

[17] R.A. Schowengerdt, Remote Sensing: Models and Methods
for Image Processing, 2nd Ed., Academic Press, 1997.

[18] M.L. Steyn-Ross, D.A. Steyn-Rossand A. Jelenak, “ Com-
parison of atmospheric correction algorithms for deriving sea
surface temperature from AVHRR,” International J. of Re-
mote Sensing, vol. 20, pp. 3515-3531, 1999.

[19] C.C. Wadlton, C.C., J.T. Sullivan, C.R.N. Rao and M.P.
Weinreb, “ Corrections for detector nonlinearities and calibra-
tion inconsistencies of the infrared channels of the advanced
very high resolution radiometer,” J. Geophys. Res., vol. 103,
pp. 3323-3337, 1998.

I 1988

Notice for IEEE GRS-S
Members

The |[EEE Technical Aclivily Board, on
Juna 23, 2001,
standardize member access o tha en-
lire dalabase back lilk n Xplore—pback
This aclion & o
manted n Xplora in the near future

Access More on

IEEE Xplore!l

G

hitp:flewh.leee.orgisocigras

Link to Xplore using the
IEEE GRE&-5 website:

appreved a mobon 1o

he imple

IEEE Geoscience and Remote Sensing Society Newsletter ¢ September 2001 15



INDUSTRIAL PROFILE

Definiens Imaging GmbH:
Object Oriented Classification and Feature Detection

Ursula Benz, Manager, SAR Devel opment
Gunter Schreier, Vice President

Definiens Imaging GmbH

Trappenstreustr. 1, 80339 Munich, Germany
tel: +49-(0)89-231180-46

e-mail: ubenz@definiens.com

http: //www.definiens-imaging.com

Definiens Imaging GmbH

DefiniensImaging GmbH isbased ontheformer Delphi2 Cre-
ative Technologies GmbH, founded in 1994 by Professor Gerd
Binnig, a 1986 Nobel Laureate in physics, and Dieter Herold, a
journdist. Delphi’ saimwasto devel op knowledge-based systems
that extract information from acomplex environment. These sys-
tems are designed to operate using “real world” intelligence, i.e.
human judgment encoded into algorithms and software. Follow-
ing this aim and partialy funded by the German Environmental
Fund (Deutsche Bundesstiftung Umwelt), Delphi2 Creative
Technologies created an object-oriented multi-scaleimage andy-
sis system, eCognition, and developed other innovative ap-
proaches to automated information extraction.

In order to allow Delphi to develop into acorporation deliv-
ering productsto worldwideusers, theventure capital company
tvm (technology venture management), Munich/Boston in-
vested in Delphi2 in early 2000. At that time, the company
changed its name and legal statusto Definiens AG and added
new management and additional scientific, technical, market-
ing and administrative staff. At present Definiens AG hasmore
than 30 employees and is located in Munich, Germany.
Definiens AG's goal is to provide software solutions for re-
mote sensing analysis, knowledge management, traffic man-
agement and navigation for a growing global market.

To addressthese different technol ogies and market require-
ments, the company was divided into three business units.

» Geomatics & Imaging

» Knowledge Management

 Traffic Information & Navigation

In order to allow the “ Geomatics & Imaging” business unit
to focus on its dedicated market, it was converted into a com-
pany of its own: Definiens Imaging GmbH.

Definiens Imaging GmbH devel ops and markets eCognition
globally, supported by resdlers, including PCI Geomatics of
Canadaastheglobal primereseller. Definiensisinvolvedin sev-
eral nationa and international projects to optimize eCognition
for specific applicationsand to work together with futureclients.

One project focuses on the development of new systemsto ex-
tract information from high-resol ution polarimetric SAR dataon
an operationa basis (OSCAR as part of ProSmart I1).

eCognition: Object Oriented Image
Analysis

eCognition isasystem for extraction of information from
remotely sensed images. It is optimized for cost-effective
classification of very high spatial resolution land data (e.g.
one-meter satellite imagery or sub-meter aerial photos) and
radar imagery. It addresses the geoinformatics market as a
new product for analyzing or classifying digital imagery de-
rived from orbital satellitesaswell asaircraft. The object-ori-
ented approach is one of its principal advantages. An image
object, defined as an areawith shape and spectral homogene-
ity, provides a greater number of and more meaningful fea-
tures for classification than single pixels or sliding windows
around pixels. Subsequent classifications can use this large
number of independent features to assign land cover classes
to image objects. Additionally, when using this object-ori-
ented approach, the number of units to be handled is drasti-
cally reduced, accelerating the classification process. Class
refinement and even atransition from pure land cover assign-
ment to land use assignment are possible due to features de-
finablein eCognition using the hierarchical network of image
objects. Relations between classes within one scale and
within the hierarchy of scales automatically support the final
land cover classification or extraction of features and allow
the production of valuable information from remote sensing
products. As such, eCognition is already being used to ana-
lyze not only aerial photography and satellite imagery, but
also medical and biological imagery.

A. Segmentation in eCognition

Input layersto eCognition’ s segmentation can be datafrom
multiple sensors and additionally thematic raster and vector
layerswith, for example, cadastral information. Adjacent, sim-
ilar pixelsare aggregated into segmentsaslong asthe heteroge-
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neity in the spectral and spatial domains is minimized.
Neighboring segmentsarefused to anew segment if the result-
ing heterogeneity is minimized and below a specified level.
The definition of heterogeneity is flexible and consists of a
trade-off between homogeneity in the spectral domain (e.g.
backscatter values in various channels) and form/shapein the
spatial domain. Homogeneity in the spectral domain isdefined
by a weighted standard deviation over the spectral channels.
Homogeneity of shape depends on theratio of an object’ s bor-
der length to the object’ stotal number of pixels(compactness),
and the ratio between the length of an object’s border to the
length of the object’ s bounding box (smoothness). Compact-
ness is minimum for a square; smoothness is minimum if the
object borders are not frayed.

eCognition’s technology mimics the hierarchical approach
of image and scene analysis used in human perception. Human
perception typically analyses on several resolutions where the
most suitable level is used for each object of interest. It ex-
plorestherelationship of objects on different levelsin order to
overcome ambiguities.

The patented multi-resolution segmentation technique in
eCognition finds image objects even in textured data, such as
SAR images, high-resolution satellite data or airborne data. It
providesthe possibility to easily adapt the extraction of mean-
ingful image objects to specific tasks and specific image data.
Thehierarchical network of image objectsallowstherepresen-
tation of image information at different resolutions simulta-
neously. Fine objects are sub-objects of coarser structures.
Hence, each abject contains information about its context, its
neighborhood and its super- and sub-objects. Context and
neighborsagain refer not only to features of neighboring pixels
or groups of pixels but also to the rich features of neighboring
image objects. Operating on thisnetwork, interrel ationsamong
objects can be defined to utilizethisadditional and often essen-
tial contextual information. eCognition is designed to takefull
advantage of the interrelations among image objects.

B. Rule-based Development in eCognition

In eCognition the segments, or native objects, areassigned to
membership classes. Two magjor strategies are used to imple-
ment classification, nearest neighbor classification and devel op-
ment of classification rules using fuzzy logic operations. In
either case, no single pixels are considered, but instead only the
featuresof native objects. Thisapproach hasseveral advantages:
itsignificantly increasessignal-to-noiseratiointheobjectsand it
decreases computational requirements. Most important, addi-
tional object features, which are not available or are less mean-
ingful for pixels; such as geometry (length, width, smoothness,
compactness) rel ationshipsto nelghborswithin onelevel and be-
tween levels, can be used for the classification.

Supervised classification based on “ nearest neighbor” isa
well-known technique. In eCognition, however, the ob-
ject-oriented approach significantly reduces the number of
necessary trai ning samples, since the object segmentsalready
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Figure 1: Hierarchical network of image objects: Each object
knows its surrounding objects, its sub- and super-object. Thesein-
terrelations are valuable features for classification of remotely
sensed images. eCognition’ s fuzzy classification system takes full
advantage of these aspects.

aggregate similar pixels. Additionally, all the object features
(e.g. shape and relationships within the hierarchical net) are
available for thissimple “click & classify” approach, allow-
ing efficient classification.

If relations between object features and defined classes are
known, they can be integrated into the classification process
and definetherulebase, evenif therelationsareonly of avague
and semantic nature. Thisis possible dueto the fuzzy-logic ap-
proach to classification.

Each object typically belongsto several classes. Theratio of
membership in different classes represents the reliability of
classassignment and classhomogeneity withinthe object. This
information isimportant for remote sensing, because the mix-
ture of class membership istypical in the reduced resolution,
and a completely reliable classification is not possible for all
classes over the whole data set. It is helpful to perform auto-
matic classification in a semi-automatic environment and to
mark the few uncertain objects for subsequent manual inspec-
tion. Using eCognition’ s rule-based classification and the fea-
ture “membership in class’ it is possible to clearly visualize
misclassifications among distinct classes and to view thisin-
formation not only in a statistical way, but also for each image
object and thus as an additional thematic layer. Manual correc-
tions are easily possible aswell.

C. eCognition’s Advantages and Applications

eCognition allows the discovery of hidden contentsin re-
mote sensing imagery. It calculates more than the usual spec-
tral or textural features. Hierarchical dependenciesin the data
can be visualized and used in the classification process.
eCognition enables modeling of expert knowledge with aro-
bust fuzzy-logic rule base. Even semantic relationshipsin clas-
sification can be explored.

This contextual information is most important in SAR im-
ageanalysis. Typically only corners of buildings areidentified
instead of the buildings themselves, which are required in
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Figure 2: Trees are either assigned to forest (Ieft image) or to park
(right image), depending on their surroundings (see white circles).
Therich contextual feature in eCognition and the possibility of inte-
grating vague concepts into the fuzzy rule base allow assignment of
land use in addition to land cover.

geoinformation systems. However, using contextual informa-
tion it is possible to identify entire developed aress.

This semantic and contextual information reduces the num-
ber of spectral features necessary for the identification of cer-
tain classes. This adds increased reliability and allows
rule-based development independent of sensors and specific
scene characteristics.

eCognition enables powerful data and information fusion.
Data can be combined from avariety of sensorsand platforms.
Information can befused from low and high level remote sens-
ing products. For example, sea surface classification based on
backscatter values of one or more sensors can be improved us-
ing meteorological information. Other thematic layers from
GIS can be integrated as well.

Analysis of High Resolution
Polarimetric SAR Data

Current developments at Definiens Imaging GmbH will fur-
ther increase the usefulness of

The research project ProSmart |1 for the development of
Geo-Information Products and Technologies with European
contribution, is composed of :

Product Development Partner:
Infoterra GmbH, HUGIN AG, DELPHI-IMM AG,
ILV-Fernerkundung GmbH, EADS-Dornier, IOR, DLR-HR

Innovation Partner:

University of Bonn, Technical University of Munich, In-
stitute for Navigation of the University of Stuttgart, FAL,
CESBIO

Technology Development Partner:
Definiens GmbH, CLK GmbH, GeoSystems, ERDAS

Reference Clients:
BASF, StoraEnso, Soil & Water, national administrations
for landuse

Geoinformation is extracted at selected test sites for preci-
sion farming, forestry and urban mapping on a pre-operational
basis. DLR's airborne sensor, E-SAR, delivers polarimetric
SAR data to simulate future spaceborne sensors, in particular
the TerraSAR satellite.

To usethe unique capabilities of SAR data, eCognition goes
even further “beyond pixels.” Not only are objects considered
instead of pixels, but also theinput valuesarenolonger regarded
asimage samples. Theinformation content of the complex back-
scatter, indicating specific electromagnetic scattering mecha-
nisms of the imaged land surface and sub-surface, will be
represented using advanced feature extraction. Thiswill enable
users to explore valuable information about detailed biological
and physical parameters. The parameters retrieved from these
observablesincludenot only theland cover type, but al so the sail
moisture, surface roughness and biomass.

Polarimetric decompositions are

eCognition for remote sensing. One  EEEETIT=TEIE TR = acurrent research topic. It hasyet to
such development is the availability of ot St be determined which polarimetric
sensor specificfeatures. First, emphasis F'T""_-ﬂ i representations are most suitable for
isbeing placed on exploring the unique —— Sl aspecific application and what level
capabilitiesof polarimetric SARto sup- Chanrals L — of accuracy and robustness can be
port users of current airborne - — obtained. eCognition will integrate
polarimetric sensors and upcoming — these advanced methods to allow
spaceborne radiometric sensorsinclud- et T — convenient testing on a broad range
ing Envisat and Radarsat-2. gt Sy of data sets and extensive compari-
This development is being per- son with ground-truth measurements
formed as part of the project OSCAR Addecnd [l da sk Flapwscarsan within the ProSmart 1l project and
(object oriented segmentation of ad- ™ Dl Ebrmstice Mced % provide results to users with the
vanced SAR), whichispart of the na- W launch of the eCognition radar mod-
tional project ProSmart |1 (08/2000 — ulein 2002.
04/2002), led by Infoterra GmbH, = | | Thesynergy of theobject oriented
partially funded by BMBF (German approach of eCognition, its semantic

Ministry of Research and Technol-
ogy, #50EES9).

Figure 3. New eCognition E-SAR interface

analysis, its GIS functionality, the
powerful signal processing methods
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Class Rel. Area of Rel. Area of Rel. Area of Rel. Area of Number of Tree
Coniferous Sub Deciduous Sub Coniferousdry Clearing Sub Centers Sub
Obj ects(1) Obj ects(1) Sub Objects(1) Objects(1) Objects(2)
stand 11 0.769897 0.102605 0.104580 0 779
stand 9 0.035819 0.942355 0 0 371
stand 10 0.920663 0 0.032409 0 134
stand 16 0.164133 0.094229 0.729948 0 1578
stand 6 0.779327 0.189189 0.030238 0 560
stand 8 0.193378 0.732715 0.051642 0 437
stand 7 0.426074 0.438378 0.022209 0.101892 497
stand 3 0.680416 0.288647 0.008129 0 1105
stand 2 0.057326 0.934045 0 0 175
stand 4 0.879843 0.107598 0 0 385
stand 13 0.506318 0.255329 0.208227 0 1797

Figure 4 a (above) and b (right). Statistical evaluation of tree stands from CAS (Compact Airborne Spectrographic Imager) data was
performed, including consideration of cadastral information. Multi-resolution segmentation of 10 bands from CAS and simultaneously
from the cadastral thematic layer (overlayed on the false color
composite of the CAS channels as black linesin Figure 4b en-
ables eCognition to adapt its segmentation to the cadastral bor-
ders and produce an evaluation with regard to the individual
stands. Statistics are shown in Figure 4a.

for SAR dataand new powerful airborne and spaceborne sen-
sorswill lead to valuable new information products.

Thefirst step to integrate SAR polarimetry into OSCAR has
already been performed. Definiens devel oped a convenient inter-
facetoread polarimetric SAR datafrom E-SARinto eCognition.

eCognition recognizes this specific data format and allows
meaningful identification of the available products according
to polarimetric channels, frequency, geometry and processing
mode. Additional polarimetric pre-processingisalsoavailable.
At present, the span of the covariance matrix, the total
polarimetric power, can be evaluated or, if complex
polarimetric data are given, the target vector k :
k=(S,, -S., S, tS,.2S,,)isevaluated, where each com-
ponent describes specific scattering mechanisms of the sur-
face. If adigital evaluation model and an incidence map are
available, they can be added as additional layers or for en-
hanced representation, e.g. to obtain brightness and gy,

The next steps in the development will be to include
polarimetric specklefiltering to optimize segmentation process-
ing for single-look complex data and to integrate geocoding of
information products derived in lant range.

However, segmentation strategy and fuzzy-logic rule
bases have been devel oped for basic land cover classes from
high-resolution polarimetric SAR images. Theinitial results
are very promising.

The analysis of basic land cover classes significantly helps
in subsequent focusing on specific topics such as forest inven-
tory, urban planning and precision farming. Thetime required
for computation, data transfer and storage can be reduced for
these high level product-generation processes.
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Conclusions

eCognition’s advantage over conventional pixel-based
procedures is the use of attributes of image objects rather
than the values of individual pixels. Serving asinformation
carriers for subsequent classification, image objects offer
the fundamental advantages of accessibility of a greater
guantity and more condensed information (shape, texture)
and spatial relationships among the hierarchy and neighbor-
ing objects can be used.

eCognition’s classification system takes full advantage of
the multitude of features of theseimage objects. It allows effi-
cient supervised classification (“click & classify”) and alterna
tively, or in combination, classification by explicit rules and
fuzzy logic functions.

The procedure implemented in eCognition results in high
classification accuracy, better semantic differentiation and ad-
dresses arange of new classification tasksthat until now could
not be processed by existing analysis systems. With sen-
sor-specific developments, such as for SAR, eCognition cre-
ates a synergy between advanced signal processing and the
sensor-independent object-oriented approach, linking the
physical and human approaches to image understanding and
thereby allowing adaptable, automated generation of informa-
tion from remotely sensed data.
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Upcoming Conferences
(continued from page 24)

Name: PIERS 2002: Progress in Electromagnetic
Research Symposium

Dates: July 1-5, 2002

Location:  Cambridge, Massachusetts

Contact:  Professor J. A. Kong
Room 26-305, 77 Massachusetts Avenue
Cambridge, MA 02139 USA
Tel: 6172589525
Fax: 617-258-8766
Email: piers@ewt.mit.edu, kong@mit.edu
URL: http://www .piers.org

Name: 6th WSES/IEEE Multiconference on Circuits,
Systems, Communications and Computers
(CSCC 2002)

Dates: July 7-14, 2002

Location:  Rethymna Beach, Crete Island, Greece

Contact:  Prof. Nikos Mastorakis

Phone: +00301-458-1370

Email: cscc@worldses.org

URL:
http://www.softlab.ntua.gr/~mastor/cscc02.htm

Name: 2002 IEEE Sensor Array and Multichannel
Signal Processing Workshop (SAM)

Dates: August 4-6, 2002

Location:  Washington, DC

Contact:  Prof. Kristine L. Bell
Dept. of Applied and Engineering Statistics
George Mason University
Fairfax, VA 22030-4444 USA
Phone:703-993-1707
Email: kbell@gmu.edu
URL: http://ite.gmu.edu/sam2002

Name: PCV ‘02, Photogrammetric Computer
Vision, ISPRS Commission Ill Symposium
2002

Dates: September 9-13, 2002

Location: Graz, Austria

Contact:  Prof. Franz Leberl

Institute for Computer Graphics and Vision, TU
Graz

Inffeldgasse 16, A-8010, Graz, Austria
Phone:+43 316 873 5011

Fax: +43 316 873 5050

Email: leberl@icg.tu-graz.ac.at

URL: http://www.icg.tu-graz.ac.at/pcv02
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UPCOMING CONFERENCES

See also http://www.techexpo.com/events for more conference listings.

Name: Specialist Meeting on Microwave Remote
Sensing (URS '01)

Dates: November 5-9, 2001

Location:  Boulder, Colorado

Contact:  Dr. Ed R. Westwater
CIRES, University of Colorado
NOAA/Environmental Technology Laboratory
325 Broadway MS R/E/ET1
Boulder, CO 80305 USA
Email: Ed.R.Westwater@noaa.gov
URL: http://www.etl.noaa.gov/mrsO1

Name: IEEE/ISPRS Joint Workshop on Remote
Sensing and Data Fusion over Urban Areas

Dates: November 8-2, 2001

Location:  Rome, ltaly

Contact:  Dr. Paolo Gamba, Technical Chair
Department of Electronics, University of Pavia
Via Ferrata, 1 27100 Paviq, ltaly
p.gamba@ele.unipv.it
Email: urban_2001@ele.unipv.it
URL: http://ele.unipv.it/urban_2001

Name: 2002 USNC/URSI National Radio Science
Meeting

Dates: January 9-12, 2002

Location:  Boulder, Colorado

Contact:  Dr. Rod Frehlich

CIRES, University of Colorado
Boulder, CO 80305 USA
Phone:303-492-6776

Email: ursi@cires.colorado.edu
URL: http://cires.colorado.edu/ursi

Name: 2002 Ocean Sciences Meeting
Dates: February 11-15, 2002
Location:  Honolulu, Hawaii
Contact:  Dr. Linda E. Duguay
University of Southern California
Los Angeles, CA 90089 USA
Phone:213-821-1335
Email: duguay@wrigley.usc.edu
URL: http://www.agu.org/meetings/os02top.html
Name: Third International Symposium on Remote
Sensing of Urban Areas
Dates: June 11-13, 2002
Location:  Istanbul, Turkey
Contact:  Prof. Filiz Sunar Erbek, Symposium Secretariat
Istanbul Technical University
Maslak, Istanbul 80626
Turkey
Email: fsunar@srv.ins.itu.edu.tr
URL: http://www.ins.itu.edu.tr/rsurban3
Name: 2002 IEEE AP/S International Symposium
and USNC/URSI National Radio Science
Meeting
Dates: June 16-21, 2002
Location:  San Antonio, Texas
Contact:  Prof. Robert Nevels

Department of Electrical Engineering

Texas A&M University

College Station, TX 77843 USA

Email: nevels@ee.tamu.edu

URL: http://www.ieeeaps.org/2002APSURSI

continued on page 23
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