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 Downsample by M

— Input | det M | samples ' M g

_ output first sample " XqlN]
TP and discard others
‘4" . Discards data Xq[N] =X Mn]

« May cause aliasing k. is acoset vector

1 det M |1

\detM\ .Z) X(M ™ (w—-2mk)))

Xg(o) =



* Indices in fundamental tile of lattice(M)
— |det M| coset vectors [origin always included)
— Not unique for a given M
— Compute using Smith form decomposition of M
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Distinct coset vectorsfor M
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« May cause imaging
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 Unsample hyl
~ Input one sample o

— Output the sample and
then | detl | -1 zeros X[n] X,[Nn]

—

Xy(0) = X(L )

ib([L‘ln] if L'nOR;

1 0  otherwise



Downsampling



 Rational rate change
— In one-dimension: H=L"M
— Inmultiple dimensions: H=L"M
 Interpolation generalizes

— Interpolation filter: columns of tL- define two
adjacent sides of paralielogram passhan

— Decimation filter: columns of tM1 define two
adjacent sides of paralielogram passhani




 Image Processing
- Digitized pictures are often oversampled

— Quincunx decimation on NTSC video has little
perceptual effect
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o Example: Fan Filters
| |

— Uelocity filters for
position-time data

- Periodic extension .
reveals passhands
are either hexagons |
or parallelograms
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Input Band X(w)

T

w[n]

Rlter Qutput Z(w)

hn]

Upsampler Clutput Wiw)

‘Mo

Fnal Qutput Y (w)



2-D Decimation Systems

* Pickvertices of paralielogramto he
rational multiples of 1t chen and vaidyanathan

- H maps parallelogram onto square
fundamental frequency tile

—7i<aq, <rnand-7<a,<T
— Using two adjacent parallelogram vertices

T ]
H [v, Vz]:%_[ _ﬂﬂg




 Factor H=11M hy Smith-McMillan Form of H
H=UAV=UA'A, V

. R = (/\L U_l)_l(/\M V): L™ M
‘%" - Enhancements

o
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it with a parallelogram of minimum area
[Evans, Teich, Schwarz, 19941




