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Dynamic tomography

3D cone beam transform

00
def
gp(t, ()=

PGPSO [ 1 (i) +10)

( € 52 is a unit vector in R3
ttime ¢ € 1" C R

a(t) € R’ is the x-ray source position

a time dependent deformation model I |
In dynamic CT, the attenuation f is a function of ¢

=> We assume 1z, (L) = (ff (?))

I'; are known bijectivesmooth functions on R”




Analytic dynamic reconstruction

I, leaves the CB geometry globally invariant if
vt e T.vCe 8 Ty () + RYC) =T (d(t) + B Tz ()

where I'g2, S? — S?
is a diffeomorphism
on the unit sphere




Analytic compensation of A,

—
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Thus Df fT*(f)
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As Dufy, () = [ f (a0 +i0)a
| 00 = |
/ f (Ft (a(t)) + ZC,’) dl.
Jo

—

The reconstruction of f from D; fT o (€) is just the reconstruction
on the virtual trajectory T, (a(t))



Algebraic reconstruction

Let (¢;) .., be a set of basis functions ¢; : R* — R
f(Z) = ijf' Wh@l’@f;@R]E]

=i

d; = / hi (Z) f(x)dx,i €1

where (d;),.; is the real vector of acquired data

h;(Z) could be the dirac on a line §(Z-6; — s;)
could be the indicator of the conical region joining the source to the detector

d;, = / hi () f(Z)dT / hi(Z) ) fe;(F)dz
J )

jed
— Z (/ ]Z?(f)éﬁj(f)(lf) f;
jeg W
\linear system d = Af d =(d;)i=1.. ., data

? = fgz h €; f)(lf I = (fj)jzl,...,nj unknown coefficients



Algebraic dynamic reconstruction

/. hi(Z) f (ft (f)) .
J € |
= ) ( /S hi(@)e; (T (7)) d:f;’) f

jeJ 2

Dynamic data ~ dy

Assume their exists (b ) Le io» X multi-index set, such that

€ (ft (f)) — Z Lty b1 (T)

ke K

Then dii = ) ( / hi(E) ) Ftk,jbk(f)df) i
jed \7¢ kEK
— Z (Z Bi,k‘rﬁﬁchj) fj B‘i,,’f — / h?(f)bk(f)(lf
17€J \keK JO

dei 18 dyiyy,i,> Where 1 = (i1,19)| dj, = B;, I'igpt,i1=1,....np




Numerical experiments

The phantom was obtained from a 4D CT image acquired on a scanner synchronized with a respiratory
signal [24]. Motion vector fields were computed by deformable registration between each 3D CT
image and the reference (one among the ten 3D CT used). A set of cone-beam projections were
computed using a projector taking into account this motion model and the geometry of an existing
cone-beam CT scanner (640 projections, 512x512 pixels of 0.52x0.52 cm? at isocenter, source/center
distance 1000 mm ; source/detector 1536mm, circular trajectory).

Coronal

Axial

Reference Feldkamp Dynamic Feldkamp SART Dynamic SART
Reconstruction methods



DIScussIon

* Both algebraic and analytic methods were presented for
dynamic tomography

* Algebraic approaches are « slow » but better suited for
general deformations

* Next work : application and comparisons on real data
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