Lecture 9:

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 <! < N — 1 such that
f(=k—=1,-1—1) = f(k,l) } Reflection about (—1/2,—-1/2)

ff((_k],cl_—ll,)l)=:f{1(c,f,l§) } Reflection about the axis k = —1/2 and | = —1/2
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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
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e The inverse of EDCT can be explicitly computed. More specifically, the inverse
EDCT is defined as:

M-1N-1

™2k +1)  wn(20+1)
ZZC’ fec m n)cos i cos 5N

m=0 n=0

where C(0) = 1,C(m) = C(n) = 2 for m,n # 0 ALSO jnvolvr g co_sme

e Formula (**) can be expressed as matrix multiplication: ‘\umd tows "‘\7

M—-1N-1
J= Z Zfec(m’n) Q\Qw\en“lo\ry \vvnagej

m=0 n=0

under EDCT!

B mm(2k + 1)
= C(m) cos o
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Something similar can be developed:
Definition: (Odd symmetric discrete cosine transform [ODCT])

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

Myl 2rmk 2mnl

" 1
foc(m,n) = G DEN =T >N Ck)C) f(k,1) cos SiF 5 o1

k=0 =0

where C'(0) =1 and C(k) =C(l) =2for k, 1 #0,0<m<M—-1,0<n<N-—1.
The inverse ODCT is given by:

Py 5 2rmk 27nl
f(k,1) = 7;) ; C(m)C(n) foe(m,n) cos s — 1% N 1

where C(0) = 1,C(m) =C(n) =2if m,n # 0
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Understanding convolution:
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