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Antonio Torralba' and Aude Oliva2

! Artificial Intelligence Laboratory, MIT, Cambridge, MA 02139, USA
2 Department of Psychology and Cognitive Science Program, Michigan State University,
East Lansing, MI 48824, USA

E-mail: torralba@ai.mit.edu and aoliva@msu.edu

Received 16 September 2002, in final form 30 January 2003
Published 12 May 2003
Online at stacks.iop.org/Network/14/391

Abstract

In this paper we study the statistical properties of natural images belonging to
different categories and their relevance for scene and object categorization tasks.
We discuss how second-order statistics are correlated with image categories,
scene scale and objects. We propose how scene categorization could be
computed in a feedforward manner in order to provide top-down and contextual
information very early in the visual processing chain. Results show how
visual categorization based directly on low-level features, without grouping or
segmentation stages, can benefit object localization and identification. We show
how simple image statistics can be used to predict the presence and absence of
objects in the scene before exploring the image.
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S>> im = cv2.imread('lena.png’, cv2.IMREAD_GRAYSCALE) !
>>> im_fft = np.fft.fit2(im.astype(float)) L
1 >>> im_fft[0, 0] = 0 |
\ ;>>>im_fft = np.log(1 + np.abs(im_fft)) |
;>>> im_fft = cv2.normalize(im_fft, None, 0, 255, i

cv2.NORM_MINMAX, dtype=cv2.CV 8U)
>>> cv2.imshow( fft', np.fft.fitshift(im_fft)), cv2.waitKey(0
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1 >>> im -- cv2.IMREAD GRAYSCALE)

2(ym.astype(float))
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>>> Im_fft = cv2.normanzegm i ivoie, Z, o0

cv2.NORM _ MINMAX dtype=cv2.CV 8U)
>>> cv2.imshow( fft', np.fft.fitshift(im_fft)), cv2.waitKey(0
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S>> im = cv2.imread('lena.png’, cv2.IMREAD_ GRAYSCALE)
>>> Im_fft = np.fft.fft2(im.astype(float))
1 >>>1im_fft[0, 0] =0
\}>>> im_fft = np.log(1 + np.abs(im_fft))
>>> m_fft = cv2.normalize(im_fft, None, 0, 255, |
cv2.NORM_MINMAX, dtype=cv2.CV 8U)5'
>>> cv2.imshow('fft', np.fft.fitshift(im_fft)), cv2.waitKey(0O ,
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ST cv2.imread('lena.png’, cv2.IMREAD_GRAYSCALE) '
>>> im_fft = np.fft.fft2(im.astype(float)) A
1>>>0im fft[O 0]=0
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S>> im = cv2.imread('lena.png’, cv2.IMREAD_GRAYSCALE)
>>> Im_fft = np.fft.fft2(im.asty| g= pF 33tk

1>>>1im_fft[0,0] =0 . ll]rEl "&

\>>> im_fft = np.log(1 +np abs(lm fft.,; *

| >>> im_fft = cv2.normalizegimm=HftTIone, 0, 255, i

CV2. NORM MINMAX, dtype=cv2.CV 8U)

>>> cv2.imshow( fft', np.fft.fitshift(im_fft)), cv2.waitKey(0
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>>> 1m_fft = np.fft.fft2(im.astype(float)) L
| >>> im_fft[0, 0] = 0 m
\k>>> im_fft = np.log(1 + np.abs(im_fft)) *
>>> im_fft = cv2.normalize(im_fft, None, 0, 255, 1

cv2.NORM_MINMAX, dtype=cv2.CV 8U)5'
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>>> |1 = cv2.imread(‘'cuc-garden.png’, cv2.IMREAD_ GRAYSCALE)
>>> |2 = cv2.imread(‘cuc-gate.png’, cv2.IMREAD_ GRAYSCALE)
>>> |1 fft = np.ftt.fft2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(lI1_fft)*np.exp(lj*np.angle(12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>>| absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))
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>>> |1 = cv2.imread(‘'cuc-garden.png’, cv2.IMREAD_ GRAYSCALE)
>>> |2 = cv2.imread(‘cuc-gate.png’, cv2.IMREAD_GRAYSCALE)
>>> |1 fft = np.ftt.fft2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(lI1_fft)*np.exp(lj*np.angle(12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>>| absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))
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>>> |1 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |2 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |1 fft = np.ftt.fft2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(lI1_fft)*np.exp(lj*np.angle(12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>>| absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))
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>>> |1 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |2 = cv2.imread( cv2.IMREAD_GRAYSCALE)
>>> |1 fft = np.ftt.ffit2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(l11_fft)*np.exp(1j*np.angle(l12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>>| absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))
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>>> |1 = cv2.imread( cv2.IMREAD_ GRAYSCALE)
>>> |2 = cv2.imread( cv2.IMREAD_GRAYSCALE)
>>> |1 fft = np.ftt.fft2(11.astype( ))

>>> |2 fft = np.ftt.fft2(12.astype(

>>> absl phase2 = np.abs(l1_fft)*np. exp@np angle(12_fft))

>>> abs2_phasel = np.abs(l12_fft)*np.e: ﬁ%{éﬁ AL 11_fft))

>>> | absl phase2 = np.real(np.fft.ifft2 p B

>>> | abs2_ phasel = np.real(np.fft. |fft2(ab32 phasel))
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>>> |1 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |2 = cv2.imread( cv2.IMREAD_GRAYSCALE)
>>> |1 fft = np.ftt.ffit2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(l11_fft)*np.exp(1j*np.angle(l12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>>| absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))
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>>> |1 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |2 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |1 fft = np.ftt.ffit2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(lI1_fft)*np.exp(lj*np.angle(12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>> | absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))
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>>> |1 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |2 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |1 fft = np.ftt.ffit2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(lI1_fft)*np.exp(lj*np.angle(12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>>| absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))

M
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>>> |1 = cv2.imread( cv2.IMREAD_GRAYSCALE)
>>> |2 = cv2.imread( cv2.IMREAD_GRAYSCALE)
>>> |1_fft = np.ftt.fft2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(11_fft)*np.exp(1j*np.angle(12_fft))

>>> abs2_phasel = np.abs(12_fftk<np.exp(lj*np.angle(11_fft))

>>> | absl_phase2 = np.reai( )
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>>> |1 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |2 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |1 fft = np.ftt.ffit2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(lI1_fft)*np.exp(lj*np.angle(12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>>| absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))
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>>> |1 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |2 = cv2.imread( cv2.IMREAD GRAYSCALE)
>>> |1 fft = np.ftt.ffit2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(lI1_fft)*np.exp(lj*np.angle(12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>>| absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))
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>>> |1 = cv2.imread(‘'cuc-garden.png’, cv2.IMREAD_ GRAYSCALE)
>>> |2 = cv2.imread(‘cuc-gate.png’, cv2.IMREAD_ GRAYSCALE)
>>> |1 fft = np.ftt.fft2(11.astype(float))

>>> |2 fft = np.ftt.fft2(12.astype(float))

>>> absl phase2 = np.abs(lI1_fft)*np.exp(lj*np.angle(12_fft))

>>> abs2_phasel = np.abs(12_fft)*np.exp(lj*np.angle(11_fft))

>>>| absl phase2 = np.real(np.fft.ifft2(absl phase2))

>>> | abs2 phasel = np.real(np.fft.ifft2(abs2_phasel))
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An Algorithm for the Machine Calculation of
Complex Fourier Series

By James W. Cooley and John W. Tukey

An efficient method for the calculation of the interactions of a 2™ factorial ex-
periment was introduced by Yates and is widely known by his name. The generaliza-
tion to 3™ was given by Box et al. [1]. Good [2] generalized these methods and gave
elegant algorithms for which one class of applications is the calculation of Fourier
series. In their full generality, Good’s methods are applicable to certain problems in
which one must multiply an N-vector by an N X N matrix which can be factored
into m sparse matrices, where m is proportional to log N. This results in-a procedure
requiring & number of operations proportional to N log N rather than N’. These
methods are applied here to the calculation of complex Fourier series. They are

useful in situations where the number of data pomts i, or can be chosen to he -

highly composite numher. The ale~-is1 1965
Mathematics of Computatlo_r)_,' AL

- wsvus vaur we periormed within the array of N data storage locations
used for the given Fourier coefficients.
Consider the problem of calculating the complex Fourier series
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The Best of the 20th Century: Editors Name Top 10 Algorithms

By Barry A. Cipra

Algos is the Greek word for pain. A/gor is Latin, to be cold. Neither is the root for a/gorithm, which stems instead from al-
Khwarizmi, the name of the ninth-century Arab scholar whose book al-jabr wa’l mugabalah devolved into today’s high school
algebra textbooks. Al-Khwarizmi stressed the importance of methodical procedures for solving problems. Were he around today,
he’d no doubt be impressed by the advances in his eponymous approach.

Some of the very best algorithims of the computer age are highlighted in the January/February 2000 issue of Computing in Science
& Engineering, a joint publication of the American Institute of Physics and the IEEE Computer Society. Guest editors Jack Don-garra of the
University of Tennessee and Oak Ridge National Laboratory and Fran-cis Sullivan of the Center for Comput-ing Sciences at the Institute for
Defense Analyses put togeth-er a list they call the “Top Ten Algorithms of the Century.”

“We tried to assemble the 10 al-gorithms with the greatest influence on the development and practice of science and engineering in
the 20th century,” Dongarra and Sullivan write. As with any top-10 list, their selections—and non-selections—are bound to be
controversial, they acknowledge. When it comes to picking the algorithmic best, there seems to be no best algorithm.

Without further ado, here’s the CiSE top-10 list, in chronological order. (Dates and names associated with the algorithms should be read
as first-order approximations. Most algorithms take shape over time, with many contributors.)

1946: John von Neumann, Stan Ulam, and Nick Metropolis, all at the Los Alamos Scientific Laboratory, cook up the Metropolis
algorithm, also known as the Monte Carlo method.

The Metropolis algorithm aims to obtain approximate solutions to numerical problems with unmanageably many degrees of freedom

and to combinatorial problems of factorial size, by mimicking a random process. Given the digital computer’s reputation for

deterministic calculation, it’s fitting that one of its earliest applications was the generation of random numbers.

1947: George Dantzig, at the RAND Corporation, creates the simplex method for linear programming.

In terms of widespread application, Dantzig’s algorithm is one of the most successful of all time: Linear
programming dominates the world of industry, where economic survival depends on the ability to optimize
within budgetary and other constraints. (Of course, the “real” problems of industry are often nonlinear; the use
of linear programming is sometimes dictated by the computational budget.) The simplex method is an elegant
way of arriving at optimal answers. Although theoretically susceptible to exponential delays, the algorithm
in practice is highly efficient—which in itself says something interesting about the nature of computation.

In terms of wide-
spread use, George o ) ~ ‘ ~ ‘ ' .
Dantzig’s simplex 1950: Magnus Hestenes, Eduard Stiefel, and Cornelius Lanczos, all from the Institute for Numerical Analysis
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James Cooley

1965: James Cooley of the IBM T.J. Watson Research Center and John Tukey of Princeton
University and AT&T Bell Laboratories unveil the fast Fourier Transform.

Easily the most far-reaching algo-rithm in applied mathematics, the FFT revolutionized
signal processing. The underlying idea goes back to Gauss (who needed to calculate orbits

of asteroids), but it was the Cooley—Tukey paper that made it clear how easily Fourier
transforms can be computed. Like Quicksort, the FFT relies on a divide-and-conquer
strategy to reduce an ostensibly O(N ?) chore to an O(N log N) frolic. But unlike Quick- sort,
the implementation is (at first sight) nonintuitive and less than straightforward. This in itself
gave computer science an impetus to investigate the inherent complexity of computational
problems and algorithms.

-

John Tukey
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