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Fast Fourier Transform: urban features characterization ’}“

Characteristics of the data set

City  P=—Acquisiti i Off Nadir
. '_ ' Angle
New York ?OS/Z 20.3 Degrees
Boston - 18.4 Degrees
1
San FranciscoE 02/12006 19.8 Degrees
Rome | 23 Degrees

(1
Urban areas s\erectgﬁgrm, high density,
industrial/commercial

Results are reported for band 2 (green, high sensitivity to
mineral urban surfaces) and some test sites
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Two-dimensional FFT: Wavenumber Spectra ﬁ

High density areas of San Francisco: spectra comparison

In downtown the wavenumber spectrum is more isotropic;

In the housing area energy is mainly distributed along two axes, according to
road orientations. 6of 15



One-dimensional FFT: urban feature characterization ﬁ

&;, ;Rotated image of downtown Manhattan, NY; rotation angle defined by the
f Jv ridges of the two-dimensional Power Spectrum;

e To eliminate spectrg;depe dency on relative imgge acquisition angle

i
|
300 —

250 —

200

I

150

100

L

I

50

o
I

0 100 200 300 400 7 of 15




One-dimensional FFT: urban feature characterization ﬁ’

Wi\ o F1g. (a): Kellectance values relative to column : bulldings spectral periodicity. Fig. (b): Power
& M Spectrum (solid line) and smoothed power spectrum (dashed line);

(3 ,.«"
ﬁ,& Chi-square distributi(t in logarithmic scale (Emery and Thomson, Data Analysis Methods In
‘,,

Physical Oceanography, Elsevier, Amstecdam, 20@h) «
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Peak at 72 m represents th¢"”Spatial widths); peaks around 24, 48 m
| correspond to spatial periods of sWmall b oof tops (e.g. air conditioning
(Pl ¢ installations and storages) aEg with
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One-dimensional FFT: urban features characterization ﬁ*

f&, . Reflectance values relative to row 100:

* high peaks are caused by periodicity of both smaller and larger
ghp

The peak centred at 5%81 cCOrjgespo spatia@periodicity of small bright
features (house roof t(g).

The longer wavelengt a ontrilmted by larger buildings.
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E@ One-dimensional FFT: urban feature characterization ’

o AR Rotated image of high density urban area of San Francisco.
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5@ One-dimensional FFT: urban feature characterization ’

Y Rotated image of a commercial/industrial area of San Francisco.

Numbers dendte image rows.and columns.

250
200
150
100

20

Illlllllll|lllllllll|llll|

0 50 100 150 200

12 of 15




One-dimensional FFT: urban features characterization ﬁ*

Reflectance values (€lative to row 88:

Most of the ener long @wvavelength part of the

spectrum;

Short-wavelength ;giodic aller gright features.
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CONCLUSIONS I @)

The wavenumber spectra are shown to effectively allow the identification of
hlgh -level (object or Fegion of interest) spatial features from the low-level

.c_%

* Wavenumber spectrEesul om
resolution images.

ral information of high-

, * Wavenumber spect{ an regrese of cities

., | » Spectral analysis hlgﬁghts i
% different locations, chwtes, hi

rences and an ies between cities in

* Spectra characterize@ifferent urban iIronments within the same city

W - Spectral characteri@s mq;'@]f) l\{/(@rlg(at diow the cities have been

built and developed, according with topolo
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CONCLUSIONS 11 »@

: {4 due to the limited nufiber o hich could be a source
i¥ of uncertainty and ertgrs

* A limited evaluatio profgessin

on the image features

W e
* Generalization abili@ the tho

) and other satellite data-source

ich may strictly depend

for different scenarios
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