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| ntroduction

= Conventional X-ray image isthe superposition of all the
planes normal to the direction of propagation.

* Thetomography image is effectively an image of adice
taken through a 3-D volume.
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Clinical application

Problems of X-ray Mammography

An estimated 10-15% of breast cancers evade
detection by mammography

Poor differentiation of malignant tumors from
highly common cysts (while ultrasound can do so
with accuracies of 90-100%)

UCT can provide not only structural/density
Information, but also tissue compressibility and
speed of sound maps



Tomography

= Time of flight or intensity attenuation

= Array transducer : 1-D data (only t)

= Rotation : 2-D data (t; on range and angle 6)
= Scan : 3-D data (y position, t; and angle 0)



Tomography
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Reconstruct method

" |terative method
— Algebraic Reconstruction Technique (ART)

= Direct reconstruction
— Fouriler transform

= Alternativedirect reconstruction
— Back projection
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Central Section Theorem
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f(X,y) oo(Y)

a(y) = || f(x y)5(y—y')dxdy
= .' f (x,y)dx




Ambiguity angle 0
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f(X,y) xcosO + ysin =R

g,(R) = j j f (X, y)5(xcosO + ysing — R)dxdy



Equations

1D FT of projection function

G,(p)=(@1D)F.T.{g,(R)}
= || j f (X, y)S(xcosé + ysing — R) exp(—i 2zpR) dxdydR

= [[  (x, y) exp(~i 27zp(xcos8 + ysin@))dxdy
= [  (x, y) exp(=i27(p costx + psinéy))dxdy

= {[ £ (x, y) exp(i 27 (ux+ vy))dxdy



Cont’d

= 2D Fourier transform
f(u,v) = j j f (X, y)exp[— j2z(ux+ vy)]dxdy
= (u,v) In polar coordinatesis (pcosd, psing)

Ge (,0) — f (U1V) |u:pcosH,v:psinH: f (/0’9)
= 2 D inverse Fourier Transform

f (% y) = ]| G, (p) expl j2z (ux+vy)]dudv

27 o0 . .
= | d6] G, (p)explj27(p cosx+ psiny)] pdp






Tomography

F(u,v) )
In polar coordinates \‘e
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F(u,v)=F(p, 0)
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Fourier Transform of Projection at 0,
ALl F(p.8)=F { 5s(R)}




Algorithm summation

The Fourier transform of aprojection at angle 6 forms a
line in the 2-D Fourier plane at this same angle.

After filling the entire plane F(p, 8) with the transforms of
the projections at all angles, the reconstructed density is
provided by the two-dimensional inverse transform.

1. 1D FT each of the projections gy(R) =2 G4(p)

2. Interpolate F(r,q) to F(u,v)
— solve coordinate problems (polar to rectangular coordinates)

3. Inverse 2D FT Gy(p) = F(X,y)



Simulation method

= Fnite small point

= Gaussian envelope to time-of-flight g,(R)
» FFT and phase compensation
» For loopsfor Integration

f(x.y)= [, d0[G, (p)explj2n(pcosx+ psiny)] pdp



Ime of flight

Results |.

spectrum

original data g(r,thita)




Results ||.




Experiment architecture




Future works

= Experimental data acquisition
= Other correct reconstruction algorithm

— ART, Fourier Transform
— Back propagation
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Patent Analysis

= James F. Greenleaf : measurement of the
time-of-flight of acoustic signal ; reducing
artifacts. ..

= \Westinghouse : array scanner providing
el ectronic scanning

= GE : helical or spiral scan, 3D
reconstruction



Patent Analysis

= Northrop Grumman : Multi-dimensional
wavel et tomography (using wavelet
decomposition upon the projection image)
= U.S.Surgical : combines mammography

equipment (X-ray) with an ultrasonic
transducer



Core Patent

= 1985, The Commonwealth of Australia

= Ultrasound tomography, the apparatus
comprising paired couples of transmission
transducers and reflection transducers, the
paired couples of transducer means being
Independently operable within a container
of ultrasound transmission medium....



Core Technique

» Pulses of acoustic energy are transmitted from a
plurality of different directions through a plane of
Interest of a body to be examined. Time-of-flight
of the pulsesis measured for individual paths

through the body, and from the data thus obtained

the spatial distribution of the acoustic velocity
through the plane or planes within the body is
reconstructed using a mathematical reconstruction

technique.




Central Section Theorem

= 2D Fourier transform

F(u,v) = [ f(x,y) exp[—j2r(ux+ vy)]dxdy

= Central Section Theorem
F(0,v) = || f(x, y)exp(—j2zvy)dxdy

= (1] 1 0% y)dxexp(— j22vy)cly
~ F{g(y))
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