Biomedical signal and image processing (Course 055-355-5501)

Lect. 6 Signal transformations
Signal transform as mapping in signal space. Basic types of signal transforms: element-wise and linear
transforms. Linear transforms: superposition principle

Representation of linear transforms: b(x) = [ a(&)n(x, &)d& ;
X

Impulse response (point spread function) of the linear transform.
Shift invariant transforms and signal convolution: h(x £)= h(x —{)

b(x) = a(f)h §)E 8(x,&)=lim rect](x - £)/ ax]

Fourier Transform.
a(f)= ];a(x) exp(i27x)ix; a(x)= lim ia(f Jexp(=i2rx}if ; 8(x)=lim 2Fsinc(27 (x - £))
Relationship between the signal convolution and Fourier transforms:
B(f)=n(f)a(f); q(f):_j:h(x)exp(im)dx; H(f,p)=n(f)s(f - p)
Point-spread function and frequency response of a general linear transform (linear filter):
A()=Ja(p)H(t.p)ap H(t p)= Tn(x &)expli2n( tx~ p&Jaxog

Basic properties of the Fourier Transform. Applications in acoustics, optics and MRI imaging.
Radon transform

a(..6) = [ [a(x,, x,)8(x, cos8+ x, sin @ &, )dx,dx,

a(:,’1 cos@-¢,sin@, &, sin@+ ¢, cost9)df2
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Projection theorem: Ta({l ,6)exp(i2rf&, W&, = T nfa(xl, x, Jexp(i2n(fx, cos @ + fx, sin 8))dx,dx,

—00—00

Principles of computer tomography.

Discrete representation of signal transformations
Digital representation of transforms parallels that of signals
Digital implementation of point-wise transforms: look-up-table; polynomial.

Digital representation of linear transforms. The conformity principle between analogue and
digital transformations.

Digital filters:b ={b} =H@ = {z mnak} . Shift invariant digital filters: b ={b,} = {z hnak_n}
Continuous and discrete impulse response and frequency response of a digital filter:

h,(x.&) =X Zhd,[x—(k-n)ax]p,(£-nax); h,, ={h}:H.(f)= [Zh exp(iZn‘nAx)]
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Problems:

1. What types of signal transforms do you know? Linear transforms and their characterization.
2. Basic properties of convolution and Fourier integral transforms.

3. Radon Transform and its relation to Fourier transform.

4. From the convolution integral, derive basic formula of a digital filter.

Home work: Derive discrete frequency response of a digital filter that computes signal local mean:
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ZN +1n="

k

Illustrate it for several different values of N.



Parallel X-ray
beam l!
X-ray sensitive
line array
6 a(£,.6)= f Ta(xl, x,)0(x, cos @+ x, sin@— &, )dx,dx,

Schematic diagram of parallel beam projection tomography
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Equivalent continuous transformation

The conformity principle between analogue and digital transformations

Input continuous signal a(x)
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Discretization device

a, = oj.a(x)¢discr (X - nAX)dX
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Digital filter:
N, -1
bk = Zhnak—n

Restoration (generation) of
continuos signal:

Impulse response: Frequency response:
i N, -1 :
hcnt (X,£)= cht(f’ p)=|:§h” exp(l27pnAx)]

T3 M [x = (k =) (€ - nx) [”fexp(i 2n(f - p)kAx)—’dJr (- p)o, ()

Output continuous signal b(x)

Digital filtering and its equivalent continuous impluse and frequency
response



