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Abstract

Magnetic particle imaging (MPI) is a new kind of molecular imaging technique which is designed to locate the
superparamagnetic iron oxide (SPIO) with high resolution and sensitivity. The inverse problem of MPI is a chal-
lenging problem and many reconstruction methods have been proposed. In this paper, we proposed the adaptive
permissible region (APR) strategy to promote the reconstruction efficiency. We apply APR strategy on Kaczmarz
method and verify its performance with OpenMPI data set. As a general strategy, APR strategy can obviously reduce

the reconstruction time in all conditions, and even promote the reconstruction result with proper parameter.

. Introduction

Magnetic particleimaging (MPI) is anew molecular imag-
ing technology, which can non-invasively image the su-
perparamagnetic iron oxide (SPIO) with high sensitiv-
ity and resolution. The MPI technique based on the
movement of field free region (FFR) and the nonlinear
response signal of SPIO [1]. To reconstruct the concen-
tration of tracer from the measured signal, the inverse
problem of MPI should be solved.

There are several reconstruction methods proposed
to solve the MPI inverse methods. The X-space method
[2] and the system matrix (SM) method [3] are two com-
mon reconstruction methods for MPI. Comparing to
the X-space method, the SM reconstruction method can
reach better reconstruction results with more reconstruc-
tion time. Several strategies like frequency selection [4]
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and block averaging accelerate [5] are applied on MPI
reconstruction to reduce reconstruction time. It is still
an important problem to further reduce the MPI recon-
struction time, and even accomplish 3D real time MPI
image with large field of view (FOV).

The permissible region strategy is a widely used strat-
egy to reduce the computation complex and reconstruc-
tion time for several imaging techniques, such as, the flu-
orescence molecular tomography and X-ray computed
tomography [6, 7]. This strategy is designed to compress
the solution space and reduce the scale of solution with
prior information, but in most conditions, it is difficult to
select a proper permissible region. Thus, this strategy is
usually used to reconstruct the targets in specific organs,
like head or liver.

In recent years, a flexible region selection method on
finite element mesh is proposed to acquire better recon-
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struction result [8]. This method gives an available region
selection method and can be combined with permissible
region strategy.

In this article, we introduce an adaptive permissible
region (APR) strategy for MPI reconstruction. This strat-
egy can apparently reduce the reconstruction time and
even acquire high-quality reconstruction result. We give
the details of APR strategy, and introduce the combina-
tion of this strategy and Kaczmarz method. We also verify
the effect of APR strategy with experiments, and discuss
the advantages and disadvantages of APR strategy.

Il. Methods and materials

For the MPI technology, the system matrix S is usually
used to connect the particle concentration ¢ and the fre-
quency components of the measured signal u [3]. This
connection can be described as the linear system of equa-
tions:

Inverse Problem of MPI

1)

which system matrix S € C"*", particle distribution
¢ € R"*! and measured signal u € C"™*!, In order to
take into account the ill-conditioning of the system ma-
trix and the noise of the measurement signal, 1 is usually
transformed to the least-squares problem with regular-
ized item:

Sc=u,

c=arglglzi51|ISc—u||§+|Ic||§ ®)

The reconstruction of MPI can be equivalent to solve
2, which means to recover the particle distribution ¢
based on the system matrix S and the measured signal u,
the iteration method . The Kaczmarz method is a com-
mon minimization method to solve this inverse problem
in MPI. This method can approach the fixed point, which
is the solution of linear system equations, with the itera-
tion equation:

<Sj,ci>_ujS‘
sl

Civ1=Ci— @)
where i =1,2,3,---, N when the iteration number is de-
notedby N and j=1,2,3,---,m when S € C"™*".

I1.1l. Adaptive Permissible Region
Strategy

In APR strategy, we first apply a fast reconstruction to
acquire a coarse reconstruction result. In this research,
we use Kaczmarz method with iteration number N =1
to finish coarse reconstruction. With this coarse result
¢, we can divide the permissible region R, through the
threshold 7, which is a super parameter. To reduce the
noise and make sure the region results more accuracy,
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we also process the R, with Open operation and Dilate
operation [9].

With an accuracy permissible region, we then com-
press the system matrix S and construct a new system
matrix S through selecting the columns that containing
inR,:

4)

Comparing to the original system matrix S, the new sys-
tem matrix S have less scale and this can greatly reduce
the computation time of reconstruction. We then re-
construct the final result ¢ with S and u with Kaczmarz
method with iteration number N =9.

The proposed APR strategy consists of the following
steps:

S={S(; r)IR,(r)> 0}

1. Fast reconstruct with original system matrix S and
measured signal u, acquire the coarse solution c.

2. Normalized the result ¢, delineate the permissible
region R, with ¢ and a threshold 7.

3. Process the R, with morphological operation.

4. Compress the system matrix S to R, and acquire a
new system matrix S with a lower scale.

5. Reconstruct the final result é with S and u.

I1l. Experiments

To verify the performance of APR strategy, we separately
apply the Kaczmarz method (KZ) and the Kaczmarz
method with adaptive permissible region (APR-KZ) on
the OpenMPI data set [10]. We use the system matrix S
that griding to 37x37x37 and the scan sequence is 3D Lis-
sajous. The measured signal of the resolution phantom
with three channels is used after filtering with threshold
SNR = +/10. The parameters of both methods are set to
same value, and the threshold 7 of APR-KZ is test from
0.01 to 0.05. When threshold 7 is higher than 0.05, the
final result will be distortion and the quality will decrease,
so we only perform the value lower than 0.05.

To evaluate the reconstruction result, we also con-
struct the truth result through the phantom model con-
taining in the OpenMPI data set. To acquire more accu-
racy result, the size of truth result is 128x128x128 and all
the reconstruction result are resize to the same size with
bilinear interpolation method.

IV. Results

The reconstruction results of the two methods with it-
eration number N =20 and 7 = 0.01,0.05 are shown in
Fig 1. The reconstruction result of APR-KZ method with
low value of 7 is approaching to the KZ method, and the
result have less noise and more clearly edge when the
value of 7 is larger.
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Figure 1: The slices of reconstruction result.

Three evaluation indexes are calculated: the normal-
ized root mean squared error (RMSE), structural similar-
ity (SSIM) and reconstruction time with the truth result.
The evaluation result of two method is shown in Fig 2,
and all the reconstruction method is with iteration num-
ber N =20 and the regularization parameter A =0.01.

From the evaluation index, we can find that the APR
strategy can obviously reduce the reconstruction time,
and even promote the SSIM of result. The nRMSE of APR-
KZ method rise abnormally when the 7 increased. From
image result, this performance may be caused by the lost
of the blurred part in reconstruction result.
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Figure 2: The evaluation indexes of reconstruction result.

V. Discussion

In experiment, we use same reconstruction parameter
and iteration number to compare two method. The Kacz-
marz method with APR strategy can obviously reduce the
reconstruction time and promote the SSIM of result in
all conditions. The parameter 7 in low value can lead to
the result similar to the KZ method, and leads to a clearer
and sharper result in high value. However, when the pa-
rameter 7 is so large, the blurred parts of result will be
reduced, and have the risk of lost details information. A
proper parameter needs to be selected to suit the specific
tasks and condition.
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VI. Conclusion

In this article, we proposed the APR strategy, which can
reduce the reconstruction time and promote the recon-
struction result. It can be applied to various situations,
and combined to various of reconstruction method. This
strategy even can become a general strategy in all kinds
of reconstruction tasks in MPI.

Acknowledgments

This work was supported in part by the National
Key Research and Development Program of China
under Grant 2016YFC0103803, 2017YFA0700401, and
2017YFA0205200; the National National Key Research
and Development Program of China under Grant
2017YFA0700401 and 2017YFA0205200; Natural Sci-
ence Foundation of China under Grant: 62027901,
KKA309004533;CAS Youth Innovation Promotion Asso-
ciation under Grant 2018167, and CAS Key Technology
Talent Program.

Author’s statement

Conflict of interest: Authors state no conflict of interest.
Informed consent: Not applicable. Ethical approval: Not
applicable.

References

[1] T.Knopp, N. Gdaniec, and M. Méddel. Magnetic particle imaging:
From proof of principle to preclinical applications. Physics in
Medicine & Biology, 62(14):R124, 2017.

P.W. Goodwill and S. M. Conolly. Multidimensional x-space mag-
netic particle imaging. IEEE transactions on medical imaging,
30(9):1581-1590, 2011.

T. Knopp, J. Rahmer, T. Sattel, S. Biederer, J. Weizenecker, B. Gleich,
J.Borgert, and T. Buzug. Weighted iterative reconstruction for mag-
netic particle imaging. Physics in medicine & biology, 55(6):1577,
2010.

T. Knopp and M. Hofmann. Online reconstruction of 3d magnetic
particle imaging data. Physics in Medicine & Biology, 61(11):N257,
2016.

M. Maass, C. Droigk, E Katzberg, P. Koch, and A. Mertins, A re-
covery algorithm based on the kaczmarz algorithm and admm
splitting with application to convex optimization in magnetic par-
ticle imaging, in 2020 28th European Signal Processing Conference
(EUSIPCO), IEEE, 2135-2139, 2021.

P Jiao, H.Yi, Y. Hu, and X. He. A permissible region strategy for
fluorescence molecular tomography. Optical Review, 26(6):523—
530, 2019.

H.Yi, X. Qu, Y. Sun, J. Peng, Y. Hou, and X. He. A permissible region
extraction based on a knowledge priori for x-ray luminescence
computed tomography. Multimedia Systems, 25(2):147-154, 2019.
B. Wang, P. Jiao, H. Yi, X. Cao, E Zhao, Y. Hou, and X. He. The
image reconstruction for fluorescence molecular tomography via
a non-uniform mesh. Optical Review, 27(1):31-38, 2020.

2

[3

[4

[5

[6

[7

[8

(© 2022 Infinite Science Publishing


https://dx.doi.org/10.18416/ijmpi.2022.2203057
https://dx.doi.org/10.18416/ijmpi.2022.2203057

International Journal on Magnetic Particle Imaging

[10] T.Knopp, P. Szwargulski, E Griese, and M. Graser. Openmpidata:
An initiative for freely accessible magnetic particle imaging data.
Data in brief, 28:104971, 2020.

[9] N.Jamil, T. M. T. Sembok, and Z. A. Bakar, Noise removal and en-
hancement of binary images using morphological operations, in
2008 International Symposium on Information Technology, IEEE,
4, 1-6, 2008.

10.18416/ijmpi.2022.2203057 (© 2022 Infinite Science Publishing


https://dx.doi.org/10.18416/ijmpi.2022.2203057
https://dx.doi.org/10.18416/ijmpi.2022.2203057

	Introduction
	Methods and materials
	Inverse Problem of MPI
	Adaptive Permissible Region Strategy

	Experiments
	Results
	Discussion
	Conclusion

