Lecture 7: e
Discrete Fourier Transform: ok i
Definition: Cagsoconi d §in 0
T]’\Q ZD DFT o{: o MXN (Mo\jt 3 (g(’% )"\)%L 2
0 £ = N-| is  defined as: e n
7 3R (e A)
e = = G €
e N

o{: IR s 31\:0.“ by

Remark: 7}, imvarse
Mo R zlt(j’__ _%_-)
qpg) = Y > 3<M ") 6\
‘M‘o nse
t om of 9
(no _’—‘ (Y\o Ve S(g\r\)

e

oz s

§-=usu

wheve 0 SRS M|




Why is DFT useful in imaging:
1_ DFT O'F CoYthf?-A‘\;AfVl;
Nt B
Re call: g*W(“;W‘\: ik g(n-n',m-m')w(n/ﬂ')

' I
h=0 m=o

(j;“" € Mnxm (lK))

Then, tn CHRINENGRD - GNIDEE
,“ DFT u-\t (ondn’tu{'m Can be fo_olut.hi o SiYVl?lC M\LH'{PUCA'#@!

(3) DFT(w)

Re,co\ﬂ‘ S'F/\A'H— .|/V"/"'\V"°“"'L .‘W\‘ljﬁ ‘I'Yaws-‘:ormor"[m ="'D COY\VVRAW-
Ems\/ Com?w“dﬂ}m/mam?dm’l'm O‘F swa-mvaviaw‘\' ’h’aMS'F.

e DETH




T YT R T R T T r— - e T

A% Avevo.Je, lwe ot iwmage

e Nt N_-l \ NA l:l;\ —GZR(O)
Average value o f Sl LGl e —R\; 1 PALIG D e IND I i S
e

= DFT D‘F 0 Yotoded '\vv\ajo.

Comsiolu o NxN image 3

__‘?\ A N-Lo Nt 37_
s GRS %stu) €
[/\)r(“a AT s A B /Pa‘o\v Coovdhivetes -
’?{':‘Yc.ose 5 A= rsn0O

S.\W\o\y\jl [,or;'\f. A = (/Jc/os¢ ) n = (,\)S'\ndb'

Note st m+ Ao = v (cospeosd + swBsin®) = vwces(6-4).

Dem\e ?(3):{(39) : (reos @, rsmB) ic o \ulxaL o{ 3}
(Po\av COOYovaC\o/ /)';"\ O‘F 3_)

S 7 i s —__] e B e i N




1‘? S{X: rc?se' s &5 ejDLré)

b rewng

o

Q Then:  §(m, ) = 3t a(r 8) e °
\/_Y/\\—-/ 5
3 10‘2&«’(;“7 g(w‘r“\ U\“‘H\ b :

'?.t\(‘-l/ 3((», ‘#) 3(&[}) wi’Hn- 3LY"B)

z-( (ru Cps(e ds)

CO“Si"l" o votofed "Made' 5(\",9) = 3(’(, b+ 09) o heve 6 i« di{{v\eck

l_)e,"'wum, - 0. tb _‘-71 =0
g S rolatedk denkwisnv L7 8",.

Waaje.
Dk of E ts = —m(rw Cos(al—ﬁ,—é))
T ) = L Z 3r, )" s i

N*¢ (r,0)eN3) ;Lr'ew,)

~~r

2 X0
¢) = 3(u/¢+0°)‘ ( ¢ is ale defined  between — 0o 7 /,_-Gc)




e e -
z ’ e i e b

4 DFT of o stuMed mage

el Sz(g({',y)) be o NN image , whee the
L N e R P B (TR

Let T Lo stuftad image of 3 defined as:
Fh, D = g0, - &) whee o shos Nl

-\N\o\iC'PS ove “'&‘?th nS =

Ml pot O Sl N8
| hen 3(*"/“3:;‘1%92 3(&-&,/}_}&)&’6”((&%)\_)
e "0 —1-o - “?i’Y"'"'J‘," . 5 °
) ) Sl
EE RSNy '

T e e e




Mathematics of JPEG

Consider a N x N image f. Extend f to a 2M x 2N image f, whose indices are taken
from [-M, M — 1] and [-N,N — 1].

Define f(k,l) for —M <k <M —1and —N <1 < N — 1 such that
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Definition: (Even symmetric discrete cosine transform [EDCT))

Let f be a M x N image, whose indices are taken as 0 < k< M —land 0 <[ < N — 1.
The even symmetric discrete cosine transform (EDCT) of f is given by:

oo = st 32 3 s s[5 (1 3)]n [ ()]

k=0 =0

with0<m<M-1,0<n<N-1
Remm& S mart  Udea % gt o c\ecovw?osr\m Cmnsls—\m(rj on\ -‘: cosine fuued im
(Ly m'He,dww and o-fM‘HW\J ‘)
& Can l)?. 'povwmla’\'ed n Ma‘h:x ’p'”"‘"
/-\Da"m, RS g Se?arab\e_ -|WIO\30. "‘ramsﬁ,rmx\ion.




e The inverse of EDCT can be explicitly computed. More specifically, the inverse
EDCT is defined as:
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Image enhancement in the frequency domain:
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