The 2D Fourier Transform

The analysis and synthesis formulas for the 2D
continuous Fourier transform are as follows:

e Analysis

F(u,v) = /o:o /o:o f(x,y)e 12 Wdgx dy
e Synthesis

f(Xy) = /O;/O:OF(u,v)eJZ"<“X+W)du dv



The 2D Frequency Domain

Figure 1: A 9x 9 table of harmonic grating basis functio@s™ W) whereu € {—4...4} and
ve {—4...4}. Color indicates phase with red signifying real positivesen signifying imaginary
positive, blue signifying real negative and violet sigimiy imaginary negative.



Separability of 2D Fourier Transform

The 2D analysis formula can be written as a
1D analysis in thex direction followed by a 1D
analysis in they direction:

F(u,v):/ [/ f(x,y)ejzmxdx] e 1™y,

The 2D synthesis formula can be written as a
1D synthesis in thei direction followed by a
1D synthesis irv direction:

f(x,y):/_ [/ F(u,v)ejzmxdu]ejzm’ydv.



Separability Theorem




The 2D Discrete Fourier Transform

The analysis and synthesis formulas for the 2D
discrete Fourier transform are as follows:

e Analysis

Z— ZO m n o jZﬂ(km+€N)

o &/nthess

F(mn) = ilejle%k, p)e )
VNN &, A,



Separabillity of the 2D DFT

F(k /) =

1 N—1 1 M—-1
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The 2D forward DFT can be writ_ten INn matrix
notation:

o

F=(W'F)W~*
where 1
Wr;n — WE—JZTWN
and
F(mn) =
1 N-1 i M—1 1

= (k, g)ejZH(k{v“[) ej2n(€]%).




Separabillity of the 2D DFT (contd.)

The 2D Iinverse DFT can be written in matrix
notation:

where
1
mn = ——©€

vN

j2T[m]%.



