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hindering image quality and consequently correction to scatter should be required. How-
ever recently an interesting new imaging concept, which uses precisely scattered radiation
as imaging agent, has been advocated. The camera records now images labeled by scattered
photon energy or equivalently by scattering angle. In the present paper we propose a new
modality of Compton scattering tomography (CST), akin to the X-ray scanning tomography,
in the sense that it works in transmission modality but uses Compton scattered radiation to
recover the electron density of the studied medium. The new image formation modeling is
based on a new class of Radon transforms on circular arcs (CART). Through numerical sim-
ulation results we show the feasibility and the relevance of this new imaging process.

© 2012 Elsevier B.V. All rights reserved.

Algorithm

Biomedical imaging

Compton scattering tomography
Image reconstruction

1. Introduction to Compton scattering tomography (CST) and circular-arc Radon transform

For more than fifty years, transmitted penetrating radiation such as X- or gamma-rays have been routinely used to probe
the hidden parts of matter and/or tissues [1-3]. The measurement of their attenuation along all possible linear paths in a
plane forms a set of Radon data, which, once fed into a chosen inversion formula, provides the reconstruction of the probed
medium. In this imaging modality, scattered radiation acts as a nuisance blurring images hence it should be removed or at
least be compensated.

However it was realized, in the early seventies, that the Compton effect may give rise to new challenging imaging modal-
ities, in which the camera records images labeled by scattered photon energies. Then it is shown that the three dimensional
image reconstruction from scattered radiation data is feasible [4-8].

Let us recall that the Compton effect (Fig. 1) is the scattering of X- or gamma-photons with electric charges. The energy of
a scattered photon is related to the scattering angle o by the Compton relation
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Fig. 1. Principle of Compton scattering.

where E, is the emitted photon energy and mc? represents the energy of an electron at rest (0.511 MeV).

The idea is to register the outgoing scattered photons according to their energies in order to image the hidden part of
objects of interest. This is the basic idea in Compton scattering tomography (CST).

In 1994, Norton [9] worked out a CST modality which is based on a Radon transform on circles having a fixed common
point. The functioning principle is given in Fig. 2. A point source S emits primary radiation towards an object, of which M is a
scattering site (running point). A point detector D moves along an Ox-axis and collects, at given energy E,,, scattered radi-
ation from the object. The physics of Compton scattering demand that the registered radiation flux density I at position D
is due to the contribution of all scattering sites M lying on an arc of circle from S to D subtending an angle (7 — w), where
w is the scattering angle corresponding to the outgoing energy E, (see Eq. (1)).

Norton gave the expression of the registered radiation flux density I as

I(p.9) = (C'f)(p, ) = / “do / " drf(r, 0)W(r. 0: p. 9ol — 2p cos(0 — )],

where f(r,0) stands for the object electron density and C' is the operator of the Norton Radon transform, 4(.) is the 1-D Dirac
delta function and w(.) is defined by

arsO)P(w=m/2+ @)
4m (2p)*sin’ 0

W(T,@;p,(p): :Wl(ﬂ@)'WZ(qu’)

In the above formula, a represents the area of an element of detection, s(0) expresses any angular dependance of the y-ray
source distribution, and P(w) is the Klein-Nishina differential cross-section. Mathematically, I(p, ¢) is essentially the Radon
transform of the object electron density f{r,0) on arcs of circle, when radiation attenuation and photometric effects on radi-
ation propagation are not taken into account.

Norton worked out an inversion formula

2n 00 1
f(r,f?):%/o do ; pdp%h[r—wcos(@—(pﬂ
where

h(x) = [ " e |g|de. (2)
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Fig. 2. Principle of Norton's CST.
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This expression has the same the convolution kernel in the filtered Back-Projection algorithm used in X-ray transmission
CT. The difference is that the Back-Projection is performed along straight lines in transmission CT, whereas here the Back-
Projection is performed along the circles of equation r=2p cos(0 — ).

However h(x) in Eq. (2) should be interpreted as a distribution, since the {-integral does not converge. This is why Norton
proposed an “apodization” function A({) which goes to zero smoothly beyond a spatial-frequency cutoff (indeed the function
flr,0) is assumed to be bandlimited) and placed it under the integral.

Recently we have suggested a novel modality for Compton scattering tomography [10]. The physical principle is similar to
Norton’s CST, however in our configuration the source is not fixed but rotates around the object in order to collect more scat-
tered photons. In this paper we prove that the corresponding Radon transform is invertible by Back-Projection and describe
in more details the simulation process than in [10].

Section 2 shows how image formation process in the new CST is modeled and how the collected data leads to a Radon
transform on a particular class of circular arcs, which is called Circular-Arc Radon transform (CART).

Section 3 summarizes the inversion procedure of the CART which takes its origin from a relation between the CART and
the ordinary Radon transform (RT).

In Section 4 we present numerical simulations on image formation and reconstruction for a Shepp-Logan phantom and a
nuclear waste phantom to support the feasibility of the new CST. The paper ends with a short conclusion on the obtained
results and opens some future research perspectives.

2. Modeling of the new modality in Compton scattering tomography (CST)
2.1. Forward circular-arc Radon transform (CART) and associated Compton scattering tomography

Consider a 2D-object represented by its electron density, a non-negative continuous function f{r,0) with bounded support.
An emitting radiation point source S is placed at a distance 2p from a point detector D. It is important for the inversion pro-
cedure to consider only the upper part of the object, this is why an angle collimator is placed at D. The segment SD rotates
around its middle O and its angular position is given by ¢, see Fig. 3.

The source S irradiates the studied medium and according to Compton effect, emitted photons are scattered by interac-
tion with electric charges (see Eq. (1)). As the detector D can monitor scattered photons according to scattered energies,
some of these scattered photons are collected by the detector at their corresponding energies E,,. Thus, for a fixed ¢, to each
energy E,, corresponds a set of scattering sites on a circular-arc (¢, ).

Finally the detected radiation flux density g(¢,®) is proportional to the integral of the electron density f{M) with
M € ((¢, w). It can be written as

g(p.0) = / w(r,0; @, )f(r, 0)ds 3)
J(r,0)eC(p.w)

where ds is the elementary length of circular-arc to be computed from the circular arc equation

r=p(v/1+12cos?y —1C0SY), (4)

where 1 = cotw and y = 6 — @, with (¢, w) € [0,27] x ]0,5[. In Eq. (3), the weighting function w(r, 0; ¢, ®) incorporates phys-
ical effects: angular dependance of the Compton scattering and radiation divergence and is given by

b P(w) — Wi (1) - Wy (),

w(r,0; ¢, ) = =
7.6 ¢, ) (1+tan?w) - (p? - r2)*

Q

Fig. 3. Principle of the new CST based on the CAR transform.
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where b is a constant, P(w) is the Klein-Nishina probability and the factor represents the product of traveling square
distances of a detected photon

SM? . MD? = (1 + tan® w) - (p* — 1?)°.

Due to the form of the weighting function w which can be separated in two functions w;(r) and w,(w) and hence does not
change the inversion procedure, we restrict our forward transform to the integral of a function f over correspondings circular
arcs. Thus g(¢,®) appears as the Radon transform on arcs of circles of f{r,0), i.e. the CART (C*f)(¢, T) given by

V1412

—dy. 5
1+ 12 cos?(y) / ®)

g(@,0) = ()@t / f@),y + )
Eq. (5) describes image formation.
2.2. Modeling of image formation process

For fixed (¢, ), we calculate the set of points (r,0) on the circular-arc C(¢, ) (Eq. (4)). Then to get g(¢, ®) (or projections),
we multiply f{(r,0) by a differential element (Eq. (5)) and sum over pixels along the circular arc (¢, w). Fig. 4 shows how we
scan the object to simulate measurements.

For small values of w(w ~ 0), the scanning of the circular-arc becomes hard. According to the sampling rate df, we can
define an angle wq, below which we cannot get all the points of the circular-arc. This is why the area under the circular-
arc C(@, o) is “ill-observed” hence “ill-reconstructed”. Numerically we can reduce this phenomenon by decreasing d6 but
at the expense of the computational time.

To avoid it, we have to rewrite the image formation. Now we study a new function h(x,y) which is f{r,0) in cartesian coor-
dinates and we consider the rotating basis centered at Q2. The scanning of the corresponding circular-arc C(¢, ) is now
parametrized by o € [n/2 — w, /2 + w], see Fig. 5.

In the fixed basis centered at O a point M(x,y) of C(¢,®) can be defined by o according to the following system

X(OC) = sm() (a + (p) tanw cos (P
y(a) = Sll'lpw Cos(a + QD) tanw Sln q)

Considering these variables, the integral of a function f{r,0) on circular-arcs becomes the integral of the corresponding
cartesian function h(x,y) on corresponding circular sector

@0 = [ S+ ore)——C—dy— [ py/TT Chix(e) (@) de. )
-z 1+ 12 cos?(y) 0

Eq. (6) is not suitable for inversion but is more adapted to a computation of the image formation.
2.3. Integral kernel and point spread function (PSF)

Alternatively Eq. (5) can be put under the form of an integral transformin [¢ —Z, ¢ + Z] x R™ with a delta function kernel
concentrated on the arc of circle ((¢p, w)

Fig. 4. Scanning of the medium.
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Fig. 5. Principle of CART in cartesian coordinates.
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Fig. 6. 3D representation of a point object.

(P+§ ]
Cf(p,1) = /w S /0 f(r, 0Kz (@, t|r, 0)rdrdo )
with
Ke(@,T|r,0) = 1+7 o(r—p(y/1+12c0s2(0 — @) — TCcos(0 — @))). (8)

1+ 12cos%(0 — ¢)
For a single point object (Fig. 6), located at (ro,0p), represented by
1
fo(r, 0) = ?5(1’ — r0)5(9 — 00)7

the response of the CART (Eq. (7)), called the point spread function (PSF), is given by the equation
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V1412 )

c? T d(ro — p(y/1 + 12 cos?(0p — @) — T cos(p — .

Ch)@T) = s 000 =LY (0 — ) — T cos(0h — )
Rewriting the kernel in terms of a t-integration by transforming the delta-function, the PSF takes the following form

V1412 i 2 _ 12
Ch)(¢.7) = b(r B )
pcos(fo — @)(+/T+ 12cos2(0p — @) — Tcos(fy — ) 2pry cos(t — @)
So the support of the PSF is the curve w(¢) defined by
= arctan <p22p—r0r§ cos(fy — (p)).

Fig. 7 shows the shape of the arctan function which characterizes the PSF support. In future works, we could study others
mathematical properties of the circular-arc Radon transform such as its null space or its relation to orthogonal functions

[11].
3. The inverse transform of the circular-arc Radon transform
The inverse transform can be worked out using the A.M. Cormack’s technique [12] using Fourier angular components of f

and of C*f
f(r,0) = Sh(rje” Cfp,7) = ;(czf ) (T)el”
with andq with
fir) =% [T fr00edo L) =% 1)@, et dg.
Eq. (5) now takes the form
e =2 [ )~ T costtyy.

The inverse formula is given in [13],
2p(p% +12) | d [ cosh (lcosh’] (%)) (sz),(%)
n(p? —r2)? &[ 72 \/1+q2dq
0@ -1 e
pe-re

where g = 1/7. Finally f{r,0) is reconstructed through its Fourier expansion with the circular components fi(r)
In principle, one can use Eq. (9) to perform numerical computations. However Eq. (9) is numerically unstable. Assuming

that the original function is bounded, a close inspection of the integral kernel of Eq. (9) shows that it behaves as

fr)=(=)

w (in depree)

12IU
@ (in degree)

60

Fig. 7. CAR transform of a point object (PSF) in Fig. 6.
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cosh (\I\cosh & )
lim ~ lim 2 ell-2¥ (10)

q—+o0 / U—-+o0

where u = cosh™ (;) Eq. (10) presents an apparent divergence when |I| > 2, since for ¢ — oo the integrand grows very rapidly.
The presence of noise in the data (C*f),(1/q) for large q is badly propagated into the calculation of fi(r) which prevents sim-
ulation studies. Thus Eq. (9) needs to be regularized.

By introducing

Fi(t = #22) = 2 < fi)
. M)
gi(q) = ﬁ'

we obtain

/ dq cosh |l\cosh (q/t)) dgi(q) (11)

V-2 dq

2pr
t=2Pr_
22

Eq. (11) is precisely the inverse formula of the standard Radon transform in terms of circular harmonic components. So
the Radon’s problem in the case of the CART could be solved by going to another space in which functions f and ¢*f becomes
the associated functions f and g in the standard Radon’s space. Therefore another way to obtain image reconstruction based
on “Filtered Back-Projection” can be proposed.

To make the ramp filter appear in the inversion formula, we proceed as follows. First we rewrite Eq. (11) as

6g<pq 1
fie.6) 22/ do ‘”{/ dq q—tcos(ew)}’

Next we have

8g(pq /duéq wg(p,u),
so that
Fi,0) = /nd /m dug(u )/md 1 1 sq-u (12)
0= fy 4P ) ) Mo rcos(— ) 0 T W)
Now then set s =(q — u), the g-integral in Eq. (12) is in fact the convolution product
© 1 o0 1 11
/—oo dq 2m2 q-— tCOS( q u / dSb (t COS(G (p) - u) N (5 ( )*ﬁ _> :(tcos(ﬂ—(p)—u).
Since the Fourier transforms of §'(s) (resp. of 517 1) is 2imv (resp. —im sgn v), (their product being consequently 272|v]), the

convolution product has the Fourier representation

(O ( )*L l) / dv\v\ez"” (tcos(0—p)— )
27—52 =(tcos(0—q@)—

Hence the inversion formula will take the form
. nTU Jes] 3 " 00 .
f(t,0) = / d(p/ dy|v|e?m(tcos(e-¢)) / dug(q,u)e 2™,
JO —00 J—o0

This formula is just the summation image of the filtered (ramp filter) of the Back-Projected Radon data in (g, ¢o)-space.
Moreover we have a link between the function defined in the standard Radon transform space and the original function f
defined in the original space

2 2y .
F(r,0) = 2p(p +r)f< 2pr (,)7

(p2—r2)? " \p? =1

as well as

; _CHe.1/w)
g((p‘u) - \/1+—u2 )

we can write down the final inversion formula
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2 yal) 2pr Ccos 2
fir0) = 21T /dqo/ v (Famo-o / du CINP L) o 2im

(p? — 12)? VT +u?
_2p(p* AT [T 2pr
— W /O dog (p,p2 7 cos(0— @) |.

This approach has the advantage to be easily implementable with short computing time. It is illustrated in Fig. 8.
4. Numerical analysis and simulation results
4.1. Numerical computation for the forward circular-arc Radon transform

Eq. (5) describes the image formation process but we have seen an alternative formulation, Eq. (6), which is more suited
to a numerical computation since it considers the cartesian representation of the studied function f, h. In order to simplify the

calculation of the forward CART, we use the parameter « and the cartesian representation. From now on we consider the
following notation for the image formation process

@ig.o)= [ P,y (13)

1o SINO

Let:

e H: be the original matrix of size N x N (the studied function h(x,y)).
e (: be a linearly spaced vector of size N, from dw to wmax Where

ﬁpN)

(Wmax = arctan (pz 7
2

represents the maximum value of the angle w considering a scattering medium of size N x N and dw = % stands for the
sampling step,

e (: be a linearly spaced vector of size N, from d¢ to 2m where dg = 2~ is the sampling step,

e P: be the projection matrix of size N, x N,, corresponding to the forward CART of the cartesian function h(x,y),

e ;: be a linearly spaced vector of size Nzx from (2 — w;) to (Z+ wj) defined for each value of w; € @ with a sampling step
d[x — (UJ

e the following parametric system be:
_ _ Xije = smw Sln(ka + ¢; ) = tanw Cos @;

Y(p;, wj,0) € P x @ x O,
yijk smw COS(OCk + @ ) tanw sin (2

To calculate the numerical value of this integral, we use the trapezoidal rule to interpolate Hy from h(x;jyix) and we
obtain the following sum

2p w; N
ij = =d . > Hij
N, sinw; i3

Bd(k Proj((tlon
-
over circular-arcs
|

Fig. 8. Reconstruction algorithm based on “Filtered Back-Projection” over circular-arcs.



36 G. Rigaud et al./Simulation Modelling Practice and Theory 33 (2013) 28-44

1
0.9
50 1 0.8
0.7
— 100 1 0.6
[}
i
o 0.5
i=
o 150 1 0.4
0.3
200 - 1 02
0.1
250 ; . L 1 o 0
50 100 150 200 250
x (in pixel)
Fig. 9. Original Shepp-Logan medical phantom.
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Fig. 10. Original nuclear waste phantom.

4.2. Numerical computation for the image reconstruction

Before reconstructing the original image, h(x,y), we have to compute the filtering of the projections. The analytical inver-
sion formula gives

2PV (T 2 -
h(x,y) = P — (2 1 7)) /0 g ((p,p2 7(x2+y2)(xcosqo+y51n(p))d(p.

The function g*(¢, q) corresponds to the filtering of the function g(¢, q) = (CZ"W’]’%"“”. This last function is the same as in
the classical Radon transform, that is to say +q

g(0,q) =F {]v - F{&(.q)}}

where F (resp. ') stands for the 1D-Fourier transform (resp. the inverse 1D-Fourier transform). Its computation is per-
formed by a Fast Fourier transform (FFT). Because of frequency unstability and cut-off we have to apodize the ramp filter,
|v|, with a smooth function. We choose the Hann filter defined by:
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Fig. 11. CART of the medical phantom shown in Fig. 9.
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Fig. 12. Radon transform of the medical phantom shown in Fig. 9.

H(v):{0'5(1“°5 (”T)) itV < Vmax
0 itV > Vi

where v, is the maximum value of the frequency of the discretized projections. Thus the ramp filter becomes H(v)|v|.
Then Back-Projection is applied on the curve

2p

=——————(xcos sin @),
q pzf(X2+y2)( @ +ysing)
which is the arc of circle (@, w). Therefore the Back-Projection is performed over the same circular arcs as in the forward
transform.
Let

e q: be a linearly spaced vector of size N, from tandw to tanwma.x and
o G: be the filtered projections matrix of size N, x Ny.
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Fig. 13. CART of the nuclear waste phantom shown in Fig. 10.
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Fig. 14. Radon transform of the nuclear waste phantom shown in Fig. 10.

Therefore the Back-Projection corresponds to

g _4m p(p+ (2 +32))
N freg)

where Gy, is calculated by linear interpolation of §* | ¢, —2— (X; COS @ + y;sin@,) | on the vector q.
i)

v(i.j) € [1,N]?,

ijks

4.3. Simulation results

In this section, we present the simulation results of our novel reconstruction algorithm based on the “Filtered Back-Pro-
jection” over circular-arcs in the case of the CART and compare them to the reconstruction obtained by the Radon transform
Filtered Back-Projection (RT FBP).

As an illustration of the feasibility of the new CST, we carried out numerical simulations on formation and on image
reconstruction for two original objects: a Shepp-Logan medical phantom (Fig. 9) and a nuclear waste phantom (Fig. 10).
In order to have a “well-conditioned” problem, the number of projections (N, x N,,) must be larger than the number of stud-
ied points (N x N here). We take N, = N, =p =N = 256.
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Fig. 15. Reconstruction of the medical phantom shown in Fig. 9 using CART-FBP and data in Fig. 11.
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Fig. 16. Reconstruction of the nuclear waste phantom shown in Fig. 10 using CART-FBP and data in Fig. 13.

To compare the quality of the reconstructions, we define the Normalized Mean Squared Error (NMSE) and the Normalized
Mean Absolute Error(NMAE)

1 Dipennp [ Zr() = Zo(i,j)l and  NMAE — 1 Pijenne [ Zr(i.J) = Zo(i,J)|

NMSE = — — )
N* - max ;e {Zo (i)} N? - max e e iZo(i))}

where Z, is the reconstructed image and Z, is the original image.

Figs. 11 and 12 (resp. Figs. 13 and 14) show the CART2 and the forward Radon transform of the Shepp-Logan phantom
(resp. of the nuclear waste phantom). The CART-FBP approach gives in general a reasonable image quality in the reconstruc-
tion of the medical phantom (Fig. 15) and of the nuclear waste phantom (Fig. 16): contours and small structures are well
recovered. The numerical error measurements obtained using the CART-FBP are very close to those of the ordinary Radon
transform (Figs. 17 and 18), see Tab. 1. Nevertheless our reconstructions show a lot of artifacts at the corners. This is due
to the non-homogeneous distribution of the intersections between circular-arcs, see Fig. 19a, this is why we have less infor-
mation about the areas near the souce and the detector. This is not the case for the straigth lines which have a homogeneous
distribution of the intersections, see Fig. 19b. This puts forward a sampling issue in the case of the CART. Even if the artifacts
does not hinder the quality of the reconstruction, a better sampling could be studied in order to decrease the artifacts.
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Fig. 17. Reconstruction of the medical phantom shown in Fig. 9 using RT-FBP and data in Fig. 12.
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Fig. 18. Reconstruction of the nuclear waste phantom shown in Fig. 10 using RT-FBP and data in Fig. 14.

These results prove the feasibility and the interest of our algorithm in the field of medical imaging and of non-destructive
testing (see Table 1).

5. Model validation using Monte-Carlo simulation

Under realistic working conditions, traveling radiation is affected by medium attenuation and by dispersion due to pho-
tometric propagation effects. In this case, these effects can be taken into account considering the following factor
o Jus Nl o= [l eyl
X
MS MD
where u(x,y) is the attenuation map of the studied medium. So far we have not included this factor because its presence

makes the inversion of the corresponding Radon transform impossible. Moreover the Compton effect is modeled by the dif-
ferential cross-section given by Klein and Nishina,

(14)

2 2 _ 2
P(w) :r—e% 1+cos?m+-C (1=cos®)” ) yih ¢ = o
2 1+€(1-cosm) ) mc

1+€(1-cosw 2’
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Fig. 19. Distribution of the intersections for the CART (a) and for the ordinary RT (b).
Table 1
NMSE and NMAE of different reconstructions of the Shepp-Logan phantom (Fig. 9) and of the nuclear waste (Fig. 10).
NMAE (%) NMSE (%)
Shepp-logan RT-FBP Fig. 17 1.9 0.03
CART-FBP Fig. 15 1.85 0.027
Nuclear waste RT-FBP Fig. 18 2 0.07
CART-FBP Fig. 16 2.5 0.05
where 1, stands for the classical radius of an electron. Using the expression
MS-MD = (p> — %) - /1+ 12, (15)
an exponential Circular-Arc Radon transform can be defined as:
‘ polo Pltan (1)) (72 e S b M riin,(r(y), 5 — )
C'ne (@, 1) = —F—F——%~ T P dy, (16)
an a2 p2—r(y) T+ 12 cos?(y)
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Fig. 20. Principle of the IPC algorithm for the CART.

with p, is the length of the detection area and Iy is the source activity. This expression cannot be inverted with the present
method. This is why we have to apply an attenuation correction algorithm. We choose the Iterative Pre Correction algorithm
(IPC) proposed by Maze [14] and of which the principle is presented by Fig. 20.

First we calculate the forward CART applied on a Shepp-Logan phantom of size 30 cm x 30 cm (128 x 128 pixels) with a
Monte-Carlo simulation of our CST (Fig. 21). For this simulation we consider a detection length of 1cm and a source activity
of 1 MBq. The magnitude of the electron density is 3.34 x 102> e~/cm® and of the attenuation map is 0.157 cm™'. The relative
errors obtained between this simulation and the forward CART calculated by Eq. (16) are

NMAE=4.6% and  NMSE = 0.56%,

which validates the feasibility of our approach as far as data generation is concerned. Then the reconstruction is performed
by the IPC-algorithm using the data in Fig. 22. Contours and small structures are well recovered and the relative errors ob-
tained between this reconstructed phantom and the original electron density are

NMAE = 3.7% and  NMSE = 0.08%,
which proves the feasibility of our CST.
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Fig. 21. Monte-Carlo simulation of the CART of the medical phantom shown in Fig. 9.
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Fig. 22. Reconstruction of the medical phantom shown in Fig. 9 using CART-FBP with attenuation correction and data in Fig. 20.

6. Conclusion and perspectives

A fast algorithm based on the so-called “Filtered Back-Projection” is established in the case of a novel circular-arc Radon
transform. This algorithm solves the inversion issue in the case of a new Compton scattering tomography based on CART and
simulations prove the feasibility of this new modality. In this new imaging, matter is characterized by its electron density
(scattering sites), which has the advantage of being less sensitive to matter aging than its attenuation coefficient used in
X-ray tomography. Since this CST modality recovers the electron density of the studied medium whereas the conventional
modality recovers the attenuation map, it is hard to compare it. Due to the distribution of the intersections, the CART-FBP
gives a reconstruction with more artifacts than the RT-FBP. A sampling theory could be conceived to avoid a too bad distri-
bution of the intersections, and hence increase the quality of the reconstruction, but a linear sampling seems to be sufficient
to identify the small structures. It looks like the ordinary Radon transform leads to a good reconstruction quality because it
does not include Compton effect in image formation. The CAR transform solves the Compton scattering problem which re-
mains a major technical challenge until now (scattered photons cause blurs, loss of contrast of image and false detections).
Moreover the new CST proposes an alternative to the current tomographies keeping at least the same quality of image recon-
struction. Transmission Compton tomography can be combined with emission Compton tomography to form a new bimodal



44 G. Rigaud et al./Simulation Modelling Practice and Theory 33 (2013) 28-44

imaging process based on scattered radiation. Modeling and simulation of the last one may be the subject of future
investigations.
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