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ABSTRACT: This paper is focused on the Jeffries—Matusita (JM) based spectral
characterization of archaeological features performed by using satellite QuickBird
imagery. A quantitative evaluation of spectral separability of archaeological marks and
their surroundings is carried out by using one of the most widely used indices the JM
statistically distance. The selected study area, located in the South of Italy, is related to
archaeological marks observed over surfaces with different soil characteristics and
vegetation covers. The approach we adopted in this investigation can be fruitfully applied
before performing automatic classification for the automatic extraction of archaeological
features.

1 INTRODUCTION

Space-borne satellite imagery is increasingly used for archaeological investigations
(Lasaponara & Masini 2005, 2006, Masini & Lasaponara 2006), mainly due to recent
availability of Very High Resolution (VHR) satellite images, such as IKONOS (1999) and
QuickBird (2001). VHR satellite data has heightened the significant improvements that
can be achieved in the field of satellite archaeological prospection, compared to the early
satellite sensors, such as LandSat or Spot, with spatial resolutions at 30m or 10m,
respectively. Recent studies performed by Lasaponara & Masini (2005, 2006) showed the
high potentiality of satellite QuickBird in detecting the typical archaeological marks
linked to the presence of buried archaeological remains.

Nevertheless, the satellite-based identification of spatial features linked to the presence
of underlying archaeological remains is one of the most complex and challenging tasks
faced by computer vision and photogrammetry communities. This is due to the fact that
subsurface archaeological remains tend to produce small anomalies in both spatial and
spectral domain. That is why archaeological marks can be easily obscured by noise or
other earth material. In this context, the availability of spectral characterization and/or
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signature of archaeological marks can fruitfully used to improve performance from
satellite data processing focused on archaeological investigation. But, up to now, a
spectral characterization of archaeological marks is not available. This paper is one of the
first efforts addressed to this aim. The investigations were focused on the evaluation of
spectral separability observed between archaeological features and their background. In
remote sensing data, many features can be computed from multispectral images in order
to characterize data classes of interest to the user, in the current case to the archaeologists.
In this paper, the spectral characterization was carried out by using the Jeffries— Matusita
(JM) distance. Over the years, various techniques based on ‘“statistical separability
indices” have been proposed (Swai & Davis 1978). The JM distance was selected because
it has been reported by many authors to be an appropriate measure for feature selection
(Thomas et al. 1987). The JM index is a pairwise distance measure that can be naturally
applied to two-classes. Such a measure can be particularly useful prior to an automatic
classification process, since it enables the determination of the representativeness of the
selected/available training areas.

2 STUDY AREA AND QUICKBIRD DATA DESCRIPTION

2.1 Quickbird data description

QuickBird is the commercial satellite that provides the highest spatial resolution images.
It has panchromatic and multispectral sensors with resolutions of 61-72 cm and 2.44—
2.88 m, respectively, depending upon the off-nadir viewing angle (0-25°). It provides a
good stereo geometry and a high revisit frequency of 1-3.5 days depending on latitude.
The reader is referred to technical notes available on line at the web site http://www.
digitalglobe.com/product/product_docs.shtml.

Table 1. QuickBird spectral channels and typical application.

QuickBird Band ~ Band Width Application
Band 1 0.45-0.52 um The blue band is useful for water body penetration,
(blue) making it a valuable data source for coastal water mapping.

It could also be useful for soil/vegetation discrimination,
forest type mapping and cultural feature identification.
It is highly sensitive to atmospheric contamination

Band 2 0.52-0.60 um The green band is useful for measuring green reflectance of
(green) vegetation. It can also be used for cultural feature identification
Band 3 0.63-0.69 um The red band is useful for measuring green reflectance of
(red) vegetation. It can also be used for cultural feature identification

used solely, as in the case of soil marks, or in combination
with near infra-red as in the case of crop marks
Band 4 0.76-0.90 pm The near infra-red band is useful for measuring green reflectance
(near infra-red) of vegetation. It can also be used for cultural feature
identification, such as crop marks
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The panchromatic sensor collects information at the visible and near infrared
wavelengths and has a bandwidth of 450-900 nm. The multispectral sensor acquires
data in four spectral bands from blue to near infrared (NIR). Table 1 shows the band
width of the QuickBird spectral channels. Both panchromatic and multispectral sensors
offer 11 bit (2,048 grey levels) resolution. The QuickBird imagery products are
available at different processing levels (basic, standard, ortho) serving the needs of
different users.

Since the successful launch of DigitalGlobe’s QuickBird satellite and the availability
of the data, QuickBird Imagery has quickly become a widely used data set for large-scale
mapping using high-resolution satellites. It has been successfully used for vegetation
mapping, fire prevention, urban areas, and recently for archaeological applications
(http://www.digitalglobe.com/product/product_docs.shtml.).

2.2 Study area

The study area is the archaeological site of Metaponto. It is located between the Basento
and Bradano rivers, near the Ionian sea, in the Southeast of the Basilicata Region. Itis one
of the most important archaeological areas in the South of Italy.

The several archaeological campaigns (Adamesteanu 1973, Carter 1990) stated human
presence since mid 8th century B.C., when Metaponto was founded by Greeks coming
from the Acaia region. Between the Greek colonization (700 BC—-200 BC) and the
Roman age (200 BC — 400 AD) the territory was characterized by an intensive use of
the soil as revealed by the several rural sites and an urban settlement that can be observed
by surface surveys and excavations, and also by the presence of an extensive system of
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Figure 1. Study area Location.
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parallel land divisions (Adamesteanu 1973). In some cases, these lines are thought to have
been a network of country lanes or drainage canals (Carter 1990). In other cases, such
those located close to the Archaeological Park (Figure 1), they are related to the greek
town of Metaponto, whose detection is the object of our analysis.

3 SATELLITE DATA ANALYSIS

3.1 Jeffries—Matusita (JM) Distance

The spectral characterization of archaeological features is herein performed by using
satellite QuickBird imagery. A quantitative evaluation of spectral separability of
archaeological features and their background is carried out by using the Jeffries— Matusita
(JM) distance. This is one of the most widely used indices for estimating the spectral
separability between two given classes, in the current case: i) archaeological features and
ii) background.

The Jeffries—Matusita (JM) distance is obtained from the Bhattacharya distance,
shown in equation 1. The Bhattacharya distance can be seen as two components. The first
part of equation (1) represents the mean, whereas the second part is the covariance
difference. For the BD a greater value indicates a greater average distance.

A drawback of the BD is that such an index does not provide any indication of threshold
values for separability.

Jeffries—Matusita (JM) distance is shown in equation 2. The presence of the
exponential factor in formula 2 gives an exponentially decreasing weight to increasing
separations between spectral classes.

The JM distance has an upper boundary of 1.41 (2), and a lower boundary of 0. The JM
distance is asymptotic to the value 2 for increasing class separability. A value of 2 for ]IM
distance would imply that the classification will be performed with 100% accuracy. When
the calculated distance is zero, the signatures can be said to be totally inseparable.

Lee & Choi (2000) suggested that:

(1) a JMdistance of 1.09 corresponds to a classification error probability of 10%, and
this means that the signatures can be separable;
(i) a JM distance of 1.24 corresponds to a classification error probability of 5%, and
this means that the signatures can be highly separable;
DI ARy
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where wrand u;, are the mean of and X,and %, are the covariance matrix of archaeological
the two considered classes (1) archaeological feature and (2) their background.

JM = /2(1—e~BD) 2)

where BD is Bhattacharya distance computed using formula 1.
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3.2 JM-based spectral characterization of archaeological features

The spectral characterization of archaeological features was carried out by using
QuickBird images (Catalog ID 1010010003314001) acquired on 22" August 2004 with
an off nadir view angle of 2 degrees (see Table 2).

The JM distance was applied to the archaeological features of the Metaponto land
divisions that were widely investigated by using satellite QuickBird images in some
previous studies performed by Masini & Lasaponara (20006).

Table 3 shows the values of JM distance obtained for the archaeological features of
Metaponto that in Figure 2 are shown in green colour. The highest values of JM was
obtained from NDVI as expected for crop marks. Results from the analyses performed
using the JM distance showed that the QuickBird multispectral images and their spectral
combinations (such as the NDVI) represent a valuable data source for detecting
vegetation marks. According to Lee & Choi (2000) the values of JM distance for NDVI
and NIR (close or higher than 1.24) correspond to a classification error probability of 5%,
and this means that the signatures can be highly separable.

The values of JM distance for red and green (close or higher than 1.09) correspond to a
classification error probability of 5%, and this means that the signatures can be separable.

The values of JM distance for blue and panchromatic are very low and less than 1. This
means that the signatures can not be separable. Nevertheless, from a visual inspection, we
qualitatively verify that on the basis of all QuickBird images the archaeological features
were quite evident. Of course, JM greater value indicates a greater average distance and
therefore, a greater performance level for the automatic extraction of the features.

Table 2. QuickBird image metadata of Metaponto.

Acquisition date 2004-08-22
Acquisition time 09:44:10

Cloud cover 0%

Catalog id 1010010003314001
Pan resolution 0.61 meters

Multi resolution 2.45 meters
Environmental quality 90-Excellent
Off-nadir 2 degrees

Table 3. JM values obtained for archaeological features of Metaponto, drawn in green color in
Figure 2.

band M

pan 0.52
blu 0.61
green 1.02
red 1.20
nir 1.23
ndvi 1.37
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Figure 2. The area B denotes the archaeological features of the study area selected for the current
resarch.

4 FINAL REMARKS

Spatial features linked to ancient human transformations of the landscape represent one
of the most significant traces of ancient human activities which need to be protected.
Unfortunately, due to destructive effects of mechanized agriculture, these archaeological
signs are increasingly difficult to identify by using solely panchromatic aerial images. In
this paper, we investigated the feasibility of using satellite QuickBird images for the
identification of archaeological features. The analysis was focused on the ancient town of
Metaponto. Results from the analyses performed using the JM distance showed that the
QuickBird multispectral images and their spectral combinations (such as the NDVI)
represent a valuable data source for detecting vegetation marks. The JM value of NDVI
was the highest observed, whereas, the JM value of QuickBird panchromatic image was
the lowest one.

These results pointed out that the importance of performing the assessment of the
spectral separability of archaeological features and their background prior to data
processing for the extraction of archaeological marks.

REFERENCES

Adamesteanu, D. 1973. Le suddivisioni di terra nel metapontino in Finley, M.I. (Eds.), Problemes
de la terre en Grece ancienne, Paris, Mouton: 49-61.

662 R. Lasaponara & N. Masini



Carter, J.C. 1990. Between the Bradano and Basento: Archaeology of an Ancient Landscape in
Kelso, W., Most, R. (Eds.), Earth Patterns. Essays in Landscape Archaeology (Charlottesville:
University of Virginia Press): 227-243.

Lasaponara, R., Masini, N. 2005. QuickBird-based analysis for the spatial characterization of
archaeological sites: case study of the Monte Serico Medioeval village. Geophysical Research
Letter 32 (12) L12313.

Lasaponara, R., Masini, N. 2006. Identification of archaeological buried remains based on
Normalized Difference Vegetation Index (NDVI) from Quickbird satellite data. IEEE
Geoscience and remote sensing Letters 3: 325-328.

Lee, C., Choi, E. 2000. Bayes error evaluation of the Gaussian ML classifier. IEEE Transactions
on Geoscience and Remote Sensing 38: 1471 1475. in press.

Masini, N. 1998. La fotointerpretazione aerea finalizzata allo studio morfologico dei siti urbani e
fortificati medioevali della Basilicata, in “Castra ipsa possunt et debent reparari.” Indagini
conoscitive e metodologie di restauro delle strutture castellane normanno-sveve. Roma:
Edizioni De Luca: 205-250.

Swain, P.H., Davis, S. 1978. Remote Sensing: The Quantitative Approach, New York:
McGraw-Hill. in press.

Thomas, I.L., Ching, N.P., Benning, V.M. & D’ Aguanno. 1987. A review of multichannel indices
of class separability, International Journal of Remote Sensing 3: 331-350.

Statistical evaluation of spectral capability of satellite QuickBird data 663




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [100.000 100.000]
>> setpagedevice




