L. Yaroslavsky. Biomedical signal and image processing (Cour se 055-355-5501)

Lect.2 Digital representation of signals.

Basic principles.
General quantization in signal space.
€-net and €-entropy. Estimation of informational volume of signals.

Two-step digitization: discretization + element-wise quantization.
Discretization as signal expansion over a set of basis functions:

a(x) :?i(x) = :‘é:_ola,j reﬂ(x,r); a = )(;ﬁ(x)fdm(x, r)dx

Classes of basis functions;
Shift basis functions: j (x, r)=j 0(x - rD<);

(i)
Rectangle b.f.: j 0(x):rect(x/D(); a(x):éakrect((x - ka)/ D() a, :% k z‘ﬁ(x)ix ;
k kDx
Sinc-bif.: j o(x)=sinc(px/ Dx); sinc(p x / Dx) _sin(px/Dx) ﬂzgexp(iZﬁx)df
p x / Dx -2

a(x) :ék aksinc(p(x - kDx)/ Dx); a, :é;:“)a(x)sinc(p(x - kDx) / Dx)dx =
:_:‘)a(f)rect((f +1/ 2Dx)/ D()exp(- i2[]‘x)dx :é‘(kl)()

Triangle, cubic and other spline bases.
Multiplicative basis functions:
Exponential b.f.: four (x,r)=exp(i2px / X ); Discretization by signal expansion to a Fourier series:

a(x)=aa, exp(- izpx/ X} a, :% Xé‘;l(x)exp(inXIX)olx :Yla(r IX)

r-X/2

. _ gr,f'((xlx))m1 _ ¥ " 0
Walshb.f.: wal (x)=(- ) = exngp:ZOrnf (x/ X)mﬂﬁ
Mixed scale/shift basis functions:

Wavelets: combination of shift and multiplicative functions. Global and local signal representation.

o™z @, Xgl &, X u
signsin®@™pXSrectom = _ (r n
o & ¥ i S

Haar wavelets : harr(x):

m - most significant non zero bit in binary representation of r .
Signal space dimensionality and optimal bases.
Karhunen-Loeve basis and signal statistical ensemble covariance function R,(x,x)

a(x)»'é(X):t‘é'l;anKL(x,r) ?Qa(x,xh @ berlix =1 (x.r);
lef* =Jalx)- a6 = &1,

Problems:

1. What are general signal space quantization, signal discretization and element wise quantization?

2. Formulate basic requirements to the discretization and reconstruction basis functions.

3. Describe basic classes of discretization basis functions. Give examples and explain basic properties
of the basis functions.

4. What isdimensionality of the signal space and what is optimal discretization basis? Why
Karhunen-Loeve basisis frequently regarded optimal ?

Home work HW _1. Compare different shift basis functions (rect, sinc, triangle,
spline) with the same discretization interval and their Fourier spectra



EXAMPLES OF BASISFUNCTIONS:
a) shift b.f; b),c) — multiplicative (scale) b.f; d) — shift/scale b.f.
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Fourier spectrum
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Sequency

Left-Right, Top-Bottom:Image and its Fourier,Walsh and Haar spectra




