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ABSTRACT 2. SAR IMAGES ENHANCEMENT

Located in the remote, impenetrabland incompletely Identificationand location of the lostity hasbeencarried
mapped rainforest of thé&losquito Coast,the legendary out usingtwo JERS-1 LeveR.1 amplitudeSAR images and
"Ciudad Blanca" of Honduras was never conquered by thee ERS-2 SLC SARmage. As expected, such a task was
Spanish. With time, it was slowly forgotten. made challenging by the presencevefy thick vegetation,
JERS-land ERS-2 SARimages araised to identifyand to Since theradarwave doesiot penetrate therhole vegetation
locate the lostcity, a task made difficult due tthe thick cover of atropical forest, even at L-band. Suchaaget was
vegetation cover. Amonghe techniquesused to detect not expected to be directly visible by spaceborne SAR.
artificial targets under forestover, new Bayesian specklgiowever,the disturbances its presenc@uses tahe natural
filters, particularly suited fothe restoration of a strongly,arrangement ofegetation were expected to lsemehow
mixed textured scene, are used to enhance the SAR imagéetectable in SARmages. To reach our goalew SAR

In addition, radargrammetric techniques ased to produce image enhancement techniques had to be developed.

a Digital ElevationModel (DEM) of the study area; and to In presence ofery strong texture, which is thease in our
fuse ERSand JERS information to allow easier visualmages with ancient ruins in\ery dense tropical forest and
identification of the remnants of "Ciudad Blanca"\igual in the presence of relief, ihay behazardous to make an
photo-interpretation. Using therocessed imagegeocoded assumption abouthe probability density function of the

UTM spatio-maps of the region are also produced. radar reflectivity. In this context, the A Priorknowledge
with regard to the@bserved scenean hardly be an analytical
1. INTRODUCTION first order statistical model.

However, satisfactoryadaptability to such a variety and
mixture of textures can be obtained by introducing a
Maximum Entropy constraint on texture [3-4]. Under this
assumption, we obtain ttgistribution Entropy Maximum A
Posteriori (DE-MAP) filters fordetected or complex SAR
imageswhose expressions are given in [5]:

Due tothe nature of the targets we are interestecand to
the nature of their environmerihese new speckle filters are

In the eve ofthe 16thcentury, a greatrading city was
flourishing in what is knowrioday aghe Mosquito Coast, in
North-Eastern Honduras. This city was first referredrider
the doublename of Xucutaco/Hueitapalan by Herr@aortés
already in 1526. After Cortésas toldandreports in [1], it
was an impressive city, comparable in populatiord in
wealth Mexi itself. Pr impenetrable . . ; h
ra?r?f(t)re;? of teheCF‘)Latsl\josquit(i)égcgerga,bst?m?ay wggfuerttﬁer particularly suited as image enhancenteot in the present
ignored by the conquistadores. With timewis left to the aPplication.

jungle by its inhabitants, apparently already in the middle o
the 16th century. Nevertheless, indigenous peodgll
remember it as the legendary White City ("Ciudad Blanca’
The "Instituto Hondurefio de Antropologia e Histori
(IHAH) is conducting studies in the region. The village L
Crucitas (on the AneRiver afew kms from the Wampu
River) is established over one tiie largest andmost
impressive archaeological sites of the region [2].

The project to accurately identifiand locate the ruins of
"Ciudad Blanca" habeeninitiated in Novemberl997, with
the aim to contribute teeturn toHondurasand to mankind a
bright page of historyand to put thesite under protection of |
the due authorities.

. PROCESSING OF THE ERS AND JERS IMAGES

)Ihe availableSAR images are: arERS-2 SingleLook
omplex C-VV SARimage (October acquisitiongnd two
RS-1 Level2.1 L-HH SAR images (Februanand July
acquisitions). Since the quality of tHeAR images per-
processing contributes substantially to #ecuracy of the
final product, this aspect has been particularly stressed:

Radiometric calibration of th8AR images is carried out,
according to the ERS and JERS respective specifications.
The ERS-2 SLC image is multilooked iazimuth to
obtain a 4-looks amplitude imag€his amplitude image
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is resampled fronslant to ground range, with a final
pixel size of 20x20 m.

The JERS-1 images are resampled to 20x20 m.

Then speckle noisdiltering is performed using the new
DE-MAP adaptive speckle filters to restore scendural
propertiesand structuraklements, without sensibless
in spatial resolution.

A DEM is produced by radargrammetry, usihg ERS-2
(incidence angle: 23.67°-26.518nhd JERS-1 (incidence
angle: 35.12°-31.27°pAR images, with a pixel size of
20x20 m (Fig. 1). In the presestudy, the horizontal
DEM accuracy is bettehan 15meters; the vertical DEM
accuracy is better than 20 meters.

In the original SAR images, relief is systematically
displaced with regard to its true geographical location,
due to theviewing geometryThus, thelocal geometrical
corrections are performed, using the DEM.

The radiometric corrections, accountirior the variation
of effective scattering area with localslope and
orientation, asvell as forthe variations in illumination
conditions, are carried out, using the DHBffects of the
variations of illumination on the image radiometry are
evaluated using a physical backscattering model

4. CARTOGRAPHY OF THE SITE

At this point, a UTM/WGS84 spatio-map is produced
(Fig.2). Thegrey levels irthis map arebtained by Bayesian

fusion of the filtered, geocoded, radiometrically corrected

and geo-referenced SAR images [6].
5. CIUDAD BLANCA UNVEILED

First of all, weidentified already knowrand documented
sites in our SAR dataset. For instance, the site known as "La|
Crucitas I" [2] is shown in thatereoscopic ERS-2/JERS-1
SAR images (Figs. 3-4). This site igne of the many
archaeological siteshat compose"Ciudad Blanca". The
unfiltered images arshown in Fig. 3. The enhanced images
are shown in Fig. 4. The featurdbat arevisible on this
stereoscopic image correspond satisfactavith the map of
the site published by Lara-Pinto and Hassemann [2].
Similarly, a number of other already documented sites, as
well as numerousninor artefactsthat areprobableruins
scattered in aca. 20x20 km widearea nearhave been
identified by a careful examination of the processed images.
Nevertheless, an important findingas madeduring this
systematiexamination. Covering a 3.0x3.5 kmide area in
one of the densgrart of the forest (andoseenough to "Las
Crucitas" to be connected tthe sitesthat are already
documented therejhe ruins of avast complex ofmportant
structures areisible in the images. Thatereoscopic ERS-
2/JERS-1 SARimages in Figs 5-6 illustrate thenost
interesting part of this area, including whawey probably

a vast ceremonial center. The unfilter8AR images are
shown in Fig. 5. The enhanced images are shown in Fig. 6.

It is noticeablethat a systematic bibliographic research
conducted in Honduras, ithe USA and in Europe from

Figure 1: DEM obtained by ERS-2/JERS-1 radargrammetry.

Area shown: 59 x 81 km.

January 1998 tMay 1998 showedhat thissite has noteen

documentedintil now. The last report of a place structurally
similar to thisone inthis area dateback to 1544, when a

Spanish missionary was guided there by local people.
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Figure 2: UTM (WGS84) map of tHea Mosquitid area
around the site of Ciudad Blanca. Area shown: 59 x 81 km.
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Fig. 7 is an enlargement of the important structloeated

in the upper-lefquadrant of Figs &nd 6,made by photo-
interpretation of these images. From the elevation map and
the shadows observed ithe images, onenay infer the
presence of a pyramid (orhégh square-shaped structure) in
the north-western part of the area represented in Fig. 7.

6. CONCLUSION

Figure 3: The documented site of Las Crucitas |. Unfiltereg¢the legendary lostity "Ciudad Blanca" habeen identified

SAR data. Area size: 2x2 km. (Left: ERS; right: JERS-1)in ERS-2 and JERS-1 SAR data. Its ruins are scattered over a
wide area ¢a. 20x20 km) in "La Mosquitia”, Honduras.
Some already documented major centers hdween
identified, and an important stilitndocumented complex of
ruins, apparently thenost important in tharea, hadeen
discovered using the DE-MAP enhancedSAR images.
Additional archaeological research in the region may
confirmthat itspeoples were aimportant linkbetweenpre-
Columbian cultures in North and South America.

. . . t is noteworthythat, althoughC-bandSAR is generally not
Figure 4: The documented site of Las Crucitas . DE'MAAexpected to dgttect structu?eeder dense tropicdbrest, it
Filtered. Area size: 2x2 km. (Left: ERS; right: JERS-1). phas proven here asfficient as L-band SAR to identify the
_ _ ruins of "Ciudad Blanca'Given thedensity ofthe rainforest
in "La Mosquitia", it is even unlikelythat L-band waves
could completelypenetrate through the forestver. In fact,
SAR detection othe ruins is indirect: weletect merely the
perturbations caused Ilge ruins to the structurand to the
density of the forest cover.
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Figure 5: The great undocumented site found. Unfiltered
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