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Approaches to eliminate near field artifact of MURA
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Abstract Since the coded aperture technique has been successfully applied on X-ray imaging space telescopes,

attentions of its development have also been cast on the application in medical imaging, for it has a very

tempting quality to greatly enhance the detection sensitivity without gravely lowering the spacial resolution.

But when the coded aperture technique is applied to image a nearby object, the so called “near-field artifact”

comes up, that is, the reconstructed image has a sort of distortion. Among types of coded apertures the MURA

(Modified Uniformly Redundant Array) is one of the most discussed. Roberto Arrcosi came up with the solution

to remove the artifacts utilizing mask and antimask. In this article we present two ways to eliminate the second

order aberration based on his work.
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1 Introduction

The application of coded aperture imaging in clin-

ical use as well as others like the verification of ra-

dioactive contamination[1, 2], is currently a hotspot in

radioactive imaging research. And the Modified Uni-

formly Redundant Aperture[3] (MURA) is recognized

as an optimal solution[4] up to now. Within the appli-

cations of MURA the technique developed by Roberto

Arrcosi[5] has been proved effective in cancellation of

the near field aberration caused by cos3 θ (θ denotes

the incident angle) modulation with mask and anti-

mask. But it requires two measures to get one image,

and in practical use one must double either the mea-

sure time or the cost of instrument manufacturing.

In this paper we focus on the near field planar ob-

ject imaging and present two ways to cancel the first

and second order aberration of cos3 θ in one measure.

One is the well known maximum likelihood expec-

tation maximization (MLEM)[6, 7], and the other is

based on optical supplementary principle.

2 MLEM simulation

The idea of utilizing the MLEM algorithm

comes naturally after the work of the Synthetic

Collimator[8—10]. There they used multi-pinhole aper-

ture and achieved good results in discerning point

source three dimensionally. While in our case, the

mask is half open, so the probability matrix, which

indicates the likelihood of each source point detected

by each detector, is not an sparse matrix. More than

half of its elements are not zero. So that takes up

a lot of memory space. Here we assume that the ra-

dioactive object is within a plane parallel to the mask

and detector planes, also the mask aperture and the

scintillator detectors are ideal. The mask is a 11×11

mosaicked MURA, with unit length of each pixel, that

is, the whole mask is 22×22 in length. And the de-

tector array is composed of 22×22 scintillator crystals

of the same unit pixel size. The distances from the

source plane to the mask, and the mask to the detec-

tor, are both 10, so one can see that it is indeed a very

near measurement. Both the approaches mentioned

in the article apply the delta decoding technique[11].

Left of Fig. 1 is the planar object of “OK” we used in

our simulation. It has in total 88×88 pixels, i.e. each

4×4 pixels’ average should be acquired by our recon-

structed image in an ideal far field case. The middle

one is the direct decoding image we get using common

cyclic correlation method (delta as well). The right

one is the decoded image after 25 iterations of MLEM

with an uniform start. We can see that there are no

“bows” compared with the direct decoding one.

But from the simulation we find that MLEM gets
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its own problems. The first problem is its huge

consumption of computer resources, as is commonly

known. In our case the simplified probability matrix

we used in the simulation is 4 dimensional with each

dimensional length being 22, i.e., it contains totally

224 = 234256 data in double float format and occu-

pies about 1.8 MB memory. And it takes 5.9 s to

go though all 25 iterations on a Pentium 2.0 GHz

PC. Since it scales 4 powers of exponent as the im-

age length and takes a long time to compute, we may

doubt its practical application. The second is that,

apart from its computation limitation, there are still

some artifacts produced by MLEM. For instance the

upper right bar of the letter “K” has an unproper and

fuzzy extension, and it is most likely to relate with

the shape of the object itself. Additionally the image

contrast has decreased compared to the direct decod-

ing one. Therefore we present an alternative way to

approximately cancel the artifact without burdening

computers so heavily.

Fig. 1. The radioactive object (a), reconstruct-
ed image by a 11×11 mosaicked MURA using
direct decoding (b), reconstructed image using
MLEM (c).

3 Optical supplementary principle

To compare with the above result, here we do not

change any of that optical system. As a common def-

inition, A and G stand for the mask aperture and the

decoding pattern separately. And (1-A ,-G) are the

antimask and the corresponding decoding pattern. If

you add mask and antimask together, you will get a

total transparent aperture, if the original mask bor-

der is not considered. Therefore we can use a totally

transparent aperture to replace the antimask mea-

surement. Then we subtract the first measurement

readout from this one and get the antimask readout

as it is the optical supplementary principle. In fact

we have found such such a thing interesting.

Figure 2 is Acorrsi’s mask-antimask procedure: a

is the reconstructed image of mask and b is the one of

antimask, (c) is the summation of the two figures (i.e.,

(a)+(b)) and (d) is (a)−(b). We see that Fig. (c) can-

cels artifacts and reinforces the reconstruction, and

that Fig. (d) cancels the object and reinforces the ar-

tifacts. Fig. 3(a) is the decoded image with no aper-

ture (i.e. the total transparency aperture) placed be-

tween the object and the detector, and Fig. 3(b) is

the reconstructed image of 3(a). We can hardly see

the differences between Fig. 3(b) and 2(d) except the

difference in intensity.

Fig. 2. (a) The reconstructed image obtained
by the same 11×11 mask; (b) The image ob-
tained by the antimask of (a); (c) The sum of
pictures (a) and (b); (d) The difference of (a)
and (b).

Fig. 3. (a) The detector image of the object
“OK” with no aperture; (b) The reconstructed
image of (a); (c) The detector image of a point
source with no aperture.

The derivation of the formula is very simple.

Eq. (1) is the one in Ref. [5]

Ô ∝

{∫∫
ξ

O′(ξ)A′(ri−ξ)cos3×

[

arctan

(

|ri +(a/b)ξ|

z

)]

d2ξ

}

⊗G =

{∫∫
ξ

O′(ξ)A′(ri−ξ)cos3 θξd
2ξ

}

⊗G . (1)

Here Ô is the reconstructed image, O′ and A′ are

respectively the rescaled and reflected form of the

object and the rescaled projection of the mask. G

denotes the decoding pattern. While in the case of

antimask, Ô becomes

Ôa ∝

{∫∫
ξ

O′(ξ)[1−A′(ri−ξ)]cos3 θξd
2ξ

}

⊗(−G) . (2)
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Now if we subtract Eq. (2) from (1) we get

Ôs: = Ô−Ôa ∝

{∫∫
ξ

O′(ξ)cos3 θξd
2ξ

}

⊗G . (3)

Obviously Ôs is an image reconstructed without

the mask. So we can just replace the antimask mea-

surement with one without mask, and subtract from

it the first measurement in order to get an antimask

readout.

On second thoughts, we may conclude that the

cos3 θ effect maintains even without the aperture.

And the total transparent aperture effectively effaces

the shape of the object, that is, the detector read-

out is insensitive to the source distribution. Further-

more, we can replace in simulation the no aperture

measurement with a simple point source that has the

total intensity and the centre of mass of the first re-

constructed “OK”. In this way we get Fig. 3(c). And

this “second measurement” can thoroughly be stored

in the computer. Fig. 4 is what we get under these

considerations, that is, the detector readout of the

antimask is generated in simulation with Fig. 3(c) -

Fig. 2(a), the 1st and 2nd order aberrations are also

eliminated approximately.

Fig. 4. The near field artifacts canceled in one
measurement.

4 Conclusion and further work

We have found a way to approximately cancel the

1st and 2nd order aberrations caused by cos3 θ near

field effect in one measurement without immoderate

requirement of the computing ability. The applica-

tion of this skill may lie on the clinical planar imag-

ing such as thyroid, etc. There we may use a common

shaped phantom of the thyroid to replace the point

dot referred above to further improve the final image

in simulation. A practical experiment is to be carried

out to verify the algorithm.
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