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ABSTRACT

Ultrasonic B scan is a widely used non = invasive
method for obtaining the cross sectional images of soft
tissues, The diagnostic utility of a B scan image
depends on its resolution or its ahility to show up the
detalls corresponding to the morphology of the tissue,

The resolution in B scan is primarily limited due to
lateral blurring and speckle, The former lowers the
sharpness or contrast of the image and the latter manifests
as a granular texture which tends to mask the true detaiis
of the tissue, This thesis is concemed with the improve-
ment of resolution in B scan images in the presence of

above degradations,

The loss in resolution due to lateral klurring
results due to the non — zeeo beam spread used in B scan
imaging, This is modelled as a convolution process,
Therefore, the natural recourse to resolution improvement
is by the process of deconvolution, The existing decehvo—
ldtion techniques are computationally expensive and hence
a new iterative technique with rapid convergence has been
formul ated, The computer simulation results have been
presented to demonstrate the efficacy of the proposed
techni quaé.

The degradation due to speckle has been modelled
as a complex interference phenomena, The study of various
models show that the speckle depends amongst other factors,
on the pulse used for echo imaging, The effect of pulse
bandwidth and the use of FM pulses for speckle reduction
have been investigated in this thesis, Computer simulation
resul ts have been pres\ented to justify the use of wide



ii

band FM pulses for speckle reduction. A comparitive study
between frequency compounding and axial compounding has been
presented. It has been concluded that for a given time
bandwidth product, axial compounding with wide band pulses is
superior to frequency compounding.

An extension of the sequential mode of data
acquisition and employing the method of backbrojection for
image reconstruction has also been investigated. A scheme
utilising an analogue scan converter for speedy image
reconstruction has been suggested.The resolution obtained by
this method has been compared to thg diffraction limited

resolution obtained by other techniques

Finally, the work presented in this thesis has been
summarised and suggestions for further work have been given in

the last chapter.
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LIST Or SYMBOLS

The symbols used in the thesis represent the

following unless stated otherwvise,

%n

amplitude of backscattered wave from the nth

scatterer,

operator in  Ch, III
Chirp rate in Ch, IV

inter elem:nt spacing

time taken by the wave to travel from ith

Scatterer to the nth clement of an array,.

b, (yo,zo)Backprujection at (yo, zo) from the nth

element of array.
Bandwi dth
, B = Operators

Velocity of sound

Constraining Operator

arc of radius T from the nth element of
line,r arraylor the nth position of a scaaning

trans ducer),

wave propagction time from the transducer to

nth scatterer.
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d . wave propzgation time from the mth element

of array to ith scatterer

al£, g) distance between elements £ and g of a

VecCtor space.

D aperture of a linear tEansducer,

e(t) pulse envelope

S error seguence in [fk], Eg. (3.4)

‘{eg,kjf error seq_uencg, eq. (3.7)

B(w) Fourier transform of e(t)

g Expected value of guantity enclosed within

the brackets

f(n) signal

signal vector

LHrh

fk kth estimate of £

t(r,8), £ly,z) = specimen reflectivity

£y (yo, zo) Image reconstruction at (y_, zo) by backproject:
{ fk‘g sequence of £, for k =1, 2,3...

F(W) Fourier transformm of £(n)

F(U, V) Fourler transform of f(y, z)



F(r, @) Fourier trans.om of £(r, ©) with msp=ct to
_ ..

E‘@) (r, @) at a fixed value of r,

M Freguency modulation

g(t) signal received by the transducer

9n (t) signal received by the nth elememtof a

linear array.

glr, ©) signal received from a range r when the transducer

1s directed at an angle 6,

Glw) Fourier trans form of g(t)
G(r, 7@) Fourier transform of g(r, e) with respect to ©
G(@) G(r, @) at a fixed value of r,

h(n), h(e) Dblur function,

h(y,z), h(r,8) = radiation spread function

h(r, t) acoustical impulse response of transducer
hrx (r,8) receive aperture function

o (r,0} transmit aperture function

H distortion operator

H distortion matrix
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M

p(t)

P(w)

Fourlier transform of h(m)

vi

Fourier trensform of h(r, @) with respect to ©

H( r, @) .+ a fixed value of r,
infimum

Identity operator

J" i- complex quantity

wave number

denotes the comgleX wave number

Time delay for excitation between the

successive elements of a linear array
low pa-s filter,

tound of operator T

noise

number of elements of a linear array

Fourier transfom of p(t)
axiagl distanceor range

~osition Tector
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r distance of the point of interest (y., zo)

from the nth element of a linear array
R enhancement factor

R, R Autocorrelations of functions £, g and p

resp=ctively

RHS Right hand side
Scy’ S Speckle size along the y and z axes mspectively
s(t) effective backscacter strength, egs. (2.81)
and (2,82)
s(x) equivalentc specimen reflectivity at range r,
ea. (4.2)
Sp (rn) equivalent specimen reflectivity at range

r, from the nth element of an array, eq. (6,4)

S Vector space
SNR Signal to nolise ratio
t time variable
T pulse duration
Operator — in ‘Ch. III only
Tk denots an operator applied X times
Tq corel ation length along time axis, eg. (4,5)
U spatial fr quency along the y axis

(a4t

2

U., (&) rectangul or window,
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viii

lsteral spread function width in a
backprojected image ege (6.37)

~

Lateral bean width at the focal point of a

linear arraye.

Leteral spread function for asynthetic

aperture technique.

lateral spread function width in a demodulated,
backprojected image, eq. (6.46)

lateral axis co ordinate
depth axis co ordinate

transition range

Greek anc Special Symkols

X

angulzr co ordinate used as £(r, X)

perturbation in H, eg (3.37) in Ch, III only.
angular co ordinate

zero operator in Ch, III only

phase of the nth ba&kscattered wave

kroneker delta function

perturbation in T, eg. (3.12) in Ch. I1lI only
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€ belongs to
@ Fourier domain variable corrosponding to ©.
A wavelength ¢f ultrasound in the specimn at

angular frecucncy @

S o0, standard devi ztions oi gaussian functions,
T 14 = ime 5 5
¢ Tho Zh,s time delays
w Fourier domain variable corresr-onding to

variable n

Us micro seccnds
w angular frequency
0% infinity

| ’ absolute value of guantity enclosed

” [ norm of guanity enclosed
4: > sample average of cuanity enclosed
* f *xh  denotes convolution of £ and h

T* suverscri: £t star denotes the rerturbed cuantity

T in Ch, III only

£ superscript star denotes the complex conjugate

of quanity £
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Fige 3e2 (a) f(n) is the original signal of interest
and g{n) is the blurred signal obtained
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