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Introduction: DsHT

- We considerdiscreteunitary transforms,which we call
the heaptransforms or transformswhich are generated
by thegivensignals

. The complete systems of basis functions of heap
transformsare referredto as wavesgeneratedy input
signalsthewaveswith their specificmotionin the space
of functions

. The heaptransformis describedby the unique set of
angles,which representghe angularrepresentatiorof
thetransform,or thesignalgeneratar



Introduction: IDsiHT:as a Linear! Filter

. DFT Is describedoy a beautiful but complexsystemof
clockwiserotationsof input dataaroundanuniquesetof
circles

. ? Othersimple systemsof rotationsexist, which canbe
usedin thesignalandimageprocessing

. The heaptransformations describedby the unigue set
of anglesandrepresenta simplesystemof rotation

-1 When this systemof rotationsis performedover a
signalwith a componenthatis similar to the generator,
this componentis eliminated at each point exceptthe
first onewherethe energyof the components moved



Discretel Heap Transfornefinition

TheN-point DsiHT by a generator=(Xy,X;, X, € .1 XIS
defined by the following composition of basic transforms

veesOm Tﬂm(m) " Tﬁpi(z)T@i(l)

where i(K) is the permutation of numbeks=1, 2., e,
We consider the case when each transformal
changes only two components of the input vector

2=(2,2,.-,%.1) N
The transformi ,, is represented as

Tsok - Z— (Zla"':Zkl—lifkl(zagok)ﬁZkﬁrh"'7Zk2—1?fk2 (Z,(P}g),Z}gngl,...,Zm)




DsiHT: System of decision equations

In the transform

TﬁPk -z (Zla"':Zkl—lifkl(zagok)ﬁZkﬁrh"'7Z1€2—1?fk2 (Z#Pk);zkzﬂa---:zm)

The pair of number(,k,) is uniquely defined by, and
the operationk Y kK defines the path of the transform

. Assume that such two functiohandg exists that
TLPk - Tkl,kz (90143) : (zklizkz) - (f(zklazkm(pk):g(zkuZkza(pk))'

a. f(x,y[1) andg(x,y0) are functions of three variables.

b. (U is referred to as the rotation parameter such as the
angle, and andy as the coordinates of the po(rty)on
the plane.



DsIHT: Basic [Transformations

The selection ofl,} is initiated by the vectegenerator
through the saalled decision equations and a given set
constant?A= {a,,a,, € .\ in&he following way.

The system of equations * @ fos.0
DrEr
{ f(mi , (p) L \*O a=g(x,y,0)
.g(x: Y, 90) = a YO

Is calledthe system of decision equations

1. The value ofi is calculated from the second equation
which is calledhe angular equation

2. The value ofo is calculated from the given inp(y,y)
and obtained.



DsiHT: Composition:and Application
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during this process all anglés

O =Ty px, )

.o are calculated

Re / . X-generator is processed first and



Coordinated network/of the-DsIHT
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Fig. 1. Network of thex-induced DsIHT of the
sighalz.



DsiHT: Example 1. Elementary rotations

Given a real numbex consider the following
functions defined on the set of poifts,y); »+y20 &

éf(x,y,/)=xcoy - ysin/,
19(x /) =xsinj +ycoy .
It is a rotation of the poinik,y) to the horizontal'=a,
Te: (X 0,8)3(X¥oRiy ysini,a).

EXg &Y,@ €0y - Sin/ @EXg

T .0 he_oy - s
"&d au &/ coy vl

. a a O axo Thh

j =arcco$e 0. arctar%g (j =arccofs gif v =0).
KX +y* 2 ¢y~ X+



DsiHT: Example N=8x=(1,171,-1,1,1;1-1) Nj

Generator Is transformed into the scaled unit vectc

T(x) =l x]le = (|x||,0,0....0)'= (+/8,0,0,...0)

(03536 ) [ 1 1 -1 -1 1 1 —-1 —17

0.7071 1 1 0 0O 00 0 0

0.4082 1 1 2 0 00 0 0

. 0.2887 1 1 -1 3 00 0 0
T=diagy 49936 (| 21 -1 1 1 40 0 0
0.1826 1 -1 1 1 -1 5 0 0

0.1543 1 1 -1 -1 11 6 0

0133% ) | 1 1 -1 -1 1 1 -1 7]

The angels of rotations are
{—0.7854,0.6155,0.5236, —0.4636, —0.4205, 0.3876, 0.3614}



DsiHT: Example'N=8x=(1,1,1,-1,1,1;1-1)
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Fig. 2. Basis waves of the@int DsIHT.
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Properties-ofithe DSIHT

I'x) = (II&I;?};O;(-I-)-;%))Z N
T(Z) — (ZO y 215 2 5"'ZN_1)"'

Consider the discretame signal of length 512
sampled from

Z(t) = 2cos(2t) 4sin(16t), t[0,2].

- The DsIHT generated lpoq2t) will removes
from the signal z(t) the similar wave.

- The DsIHT generated by sin(16t) will removes
from the signal z(t) the similar wave.
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Fig. 3. (a) 5172point discrete signa, (b) generatorg, and
X,, and (c),(d) the 51pointx,- andx,-generated DHTSs.



Method of the DFT
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Fig. 4. (@) 512o0int discrete signa, (b) magnitude of the
DFT of the signal, an¢t) thefiltered signal.



DsIHT and noisy signay/(t)=x(t)+n(t)
n(t) = cos(wit) + 3 sin(wat) + Hsin(wst)
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Fig. 5. (@) Original signal, (b) noisy signal, (c) filtered
signal with DsiHT, and (d) filtered signal with DFT.



THE FILTRATION OF 2D IMAGES

Fig. 6. (&) The original image, (b) the image corrupted
with sin(64t) alongthe columns,and(c) filtered imageby
thesin(64t)-inducedheaptransform



THE FILTRATION OF 2D IMAGES

Fig. 7. () The treeimage, (b) the image corruptedwith
sin(12&) alongthe columns,and (c) filtered image by
thesin(128)-inducedheaptransform



FILTRATION OF 2-D IMAGES

. Fn ‘ — —;ﬁ
(b) (c) (d)

Fig. 8. (8 The Al v a z o wisagey (@)s the image
corruptedwith sin(64t) alongthe rows, (c) filtered image
by the sin(64t)-inducedheaptransform,and (d) filtered
Image by the sin(8t)-induced heap transform over the
Imagecorruptedwith sin(8t) alongtherows



