JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 17 No 3, 03037(6pp) (2025)

REGULAR ARTICLE

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 17 No 3, 03037(6cc) (2025)

OPEN ACCESS

Recovering Data for Free Induction Decay Signal for MRI Reconstruction with Interpolation

A.V. Netreba*™ @ Y.0O. Kyiashko

Faculty of RadioPhysics, Electronics and Computer Systems,
Taras Shevchenko National University of Kyiv, 01601 Kyiv, Ukraine

(Received 22 April 2025; revised manuscript received 15 June 2025; published online 27 June 2025)

The problem of magnetic resonance tomographical reconstruction for irregular filling data for free-in-
duction decay signal and the measurements of points in the gradient K-space are considered. The procedure
of measuring signals with the irregularity of magnitude, which depends on the distance from the center of
the K-space area, is realized. Interpolation methods have been proposed for completing the missed measure-
ments. The reconstructed tomograms for tomographic experiment special conditions are analyzed. Examples
of reconstructed images for different degrees of signal irregularity are given. The operation of the measuring
system response signal was simulated for this purpose. A real tomographic image was chosen as the object
for calculating the signals. Quantitative characteristics of the reconstruction quality dependence for data
irregularity different fractions were determined for several types of images. In particular weighted by spin
density, spin-spin relaxation time and spin-lattice relaxation time tomograms were considered. A mutual
comparison of the signals set characteristics sensitivity for different pulse sequences was carried out which
determine the reconstruction type. Histograms were constructed to compare the images generalized charac-
teristics. It is shown that the processing method application a previously measured signal before reconstruc-
tion allows partial compensation of the signals set non-ideality and restoration of higher quality medical
tomographic images. The conditions are found for high quality visualization for signal data incomplete set
for real tomograms. The scope of the application for measured signal preprocessing methods array are pro-

posed in particular for tomographic equipment with a smaller magnetic field constant component.
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1. INTRODUCTION

In medicine, a large number of instrumental re-
search methods are used, some of which are universal,
which allows to diagnose many pathologies from various
classification groups of human diseases. Invasive re-
search methods have a large informative base, but non-
invasive research methods are of increasing interest.
The latter is also true for the MRI technique, which al-
lows visualization of body tissues without using radia-
tion [1-5].

The modern stage of the development of medicine is
characterized by the widespread introduction of ever
more complex diagnostic methods into the clinical prac-
tice, which not only facilitates and focuses on the visual-
ization of the pathological cell, but also in some cases al-
ters our perceptions about the features of a particular
disease.

MRI produces contrasting of the soft tissues of the
body, which is especially useful in visualizing brain,
muscle, heart and cancer tumors, in comparison with
other technologies of medical imaging such as computed
tomography (CT) or radiography. Unlike CT or conven-
tional X-rays, ionizing radiation is not used in MRI.

MRI scanners use strong magnetic fields, electric gra-
dient fields and radio waves to obtain an image. Magnetic
resonance imaging is based on the phenomenon of nuclear
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magnetic resonance. After measuring the NMR signal,
there is a stage of reconstruction of the image using the
Fourier method [6]. Reconstruction can be performed with
varying degrees of incompleteness of data [6, 7].

This work is focused on numerical simulations of the
NMR image reconstruction. Estimates obtained as a re-
sult of numerical simulation are widely used in modern
research [8, 9]. Also, numerical simulation in combina-
tion with physical experiment is used in medicine for
better diagnostics [10, 11]. Spin-spin and spin-lattice in-
teractions play an important role in MRI, and they are
also used in other techniques [12, 13].

2. RESEARCH METHODSB

The construction of images takes place using Fourier
transforms. MRI image is essentially a calculated map
or image of the radio frequency of signals produced by
the human body. The signal is the simultaneous recep-
tion of the magnetization components Mx and My, as a
function of time, and is recorded using two separate
channels of the sensor, which provide information about
the components of the signal (amplitude, phase, fre-
quency). In this phase-sensitive method, a complex num-
ber which holds the modulated signal, is divided into
real and imaginary components, shifted by 90° relative
to each other. The signal of both channels is combined
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into one set of quadrature: real and imaginary spectra,
and then processed using the Fourier transform.

Each point of the matrix of raw data (K space) con-
tains some information about the image and does not
correspond to the point of the image matrix. K space is
equivalent to the space defined by the phase and fre-
quency coding directions, each data line of which corre-
sponds to a digital MR signal with a unique phase coding
level. The outer rows of the matrix of raw data give in-
formation about the boundaries and contours of the im-
age or individual structures, which determine the reso-
lution of small details.

The trajectory of the K-space is a track traced in the
spatial frequency domain when data is collected, and is
determined by the applied gradients. K space can be
filled in rows or spiral, depending on the applied gradi-
ents and the selected algorithms for data collection.

The intensity of each element of the MR image (pixel)
is proportional to the intensity of the signal from the cor-
responding element of the 3D space (voxel) for the given
thickness of the cut.

An obligatory condition for the application of the
Fourier-Zeimatography methods is the uniformity of the
grid of values or the regularity of the grid in the K-space.
Under these conditions, the signal of the free induction
recession can be inverse Fourier transformed to restore
the distribution of spin density. Regularity of the grid in
the K-space is a significant limitation of the usage of
tomographic methods of reconstruction. The problem of
visualization is to restore and interpretation the data.
Triangulation methods can be used to restore the signal
and interpolation methods can be modified for usage in
the K-space [6].

In this work we consider the algorithm of signal res-
toration by the method of interpolation modified for ap-
plication in the K-space. By using the methods of signal
processing before the reconstruction of tomograms it is
possible to increase the informative value of the diagnos-
tic method as a whole [14, 15]. To modulate the data re-
covery process of the free-induction decline signal, a real
tomographic image of the cut of a person's head is used.
The trajectory of data collection is in rows.

A real tomographic image of the human brain was
taken for the investigation. The irregularity of the data
was artificially created in the image. Two cases are con-
sidered: the uniform irregularity of the data (zero signal
values were inserted evenly into the matrix of the image
signal) and the irregularity with the magnitude depend-
ing on the distance from the center of the K-space region.
Zero values of the signal correspond to the situation of
the measurement of the free-induction decline signal
during the tomographic examination.

The restoration of the signal value was carried out
according to the following method:

Free induction decay signal (FIDS) is described by
the following expression

S(ki’kj) = So,gnp(xn’ym ) . ei(k“x”*—kyjym)

The values of the free-induction decline signal in
three points of the K-space are S1, S, Ss.

These 3 points in the K-space, which are depicted in
red were selected as shown in Fig. 1 [6]. A dot with a zero
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value is depicted in black. An interpolation method is
used to calculate the value at this point.

Ky

Fig. 1 — Selecting the points of the K-space to calculate the
value of the signal
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It is possible, using the method of interpolation of
data in the K-space, to calculate the value FIDS
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In this work 4 cases of uniform heterogeneity of the
data were considered, as well as the case of heterogene-
ity with a dependency on the distance from the center of
the K-space according to the graph in Fig. 2.
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Fig. 2 — Modeling of irregularities, depending on the distance
from the center of the K-space

In Fig. 2, A is the percentage of zeros, D — distance
from the center of the space K.

As can be seen from Figure 2, the irregularity de-
creased with increasing distance from the center of the
K-space. The whole K image space is a matrix of 256 x
256 pixels. It was divided into 7 zones. The zones are
symmetrically located relative to the center of the
K-space, as shown in Fig. 3.

Fig. 3 — Separation of the k-space matrix into zones
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The comparison of recovered reconstructed images is
estimated by the correlation coefficient.
The formula for the correlation coefficient k is the fol-
lowing:
255 5255 " o
b= 2o j:o(xi,j _x)x(yi,j -)
255 < 255 —\2 255 <255 \2
\/zi=o Zj=o(xi,j —x)" % 2% j=o(yi,j -)

>

X = the brightness of each pixel in the initial im-
age,
Yij— the brightness of each pixel in the recon-

structed image,
y —the average brightness of the pixels in the recon-

structed image
x — the average brightness of the pixels in the origi-

nal image

3. RESULTS

Special software was written to automate the re-
search of the reconstruction of the free-induced down-
turn signal for irregular data. It implements the func-
tions of restoring irregular data by the method described
above, reconstructing an image using the Fourier trans-
form. The correlation coefficient is used to compare the
corresponding restored reconstructed images.

A real medical image of the human head was taken
for the simulation of Fig. 4.

Fig. 4 — Original image.

In the array of values of the signal of the free-induc-
tion decline of this image, three cases of uniform hetero-
geneity of the data were simulated: 10 %, 20 % and 30 %
of all points of the image data were plotted. After data
recovery, the following image was obtained by the
method described above (Fig. 5).

Simulation of the situation of uneven heterogeneity
of data is shown in Fig. 6.

In the situation of uniform heterogeneity of data at the
level of 7.7 % (for such a percentage the number of points
with uniform heterogeneity coincides with the case of
uneven heterogeneity), the result is presented in Fig. 7.
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Fig. 5 — Uniform distribution of heterogeneity with 30 % of data Fig. 7 — Equivalent heterogeneity at the level of 7.7 % of data
restored was restored

Table 1 — Dependence of the correlation coefficient K on recov-
ered data percentage.

Percent of recovered data (%) K
7.7 0.99066.
10 0.98977
20 0.97581
30 0.96045
7.7 (non-uniform hetero- 0.99452.
geneity )

For better visualization of the results, histograms for
T1 weighted images were constructed (Fig. 8-10).

Fig. 6 — Non-uniform heterogeneity of data

Table 2 — Dependence of the correlation coefficient K on recovered data percentage and image type

Percent of recovered data (%) K30% | K20% | K10% | K7.7% K 7.7(nonuniform heterogeneity )
T1 weighted 0.9152 0.9490 | 0.9756 0.9804 0.9937
T> weighted 0.9067 0.9448 | 0.9736 0.9778 0.9901
p weighted 0.9443 | 0.9692 | 0.9849 | 0.9865 0.9946
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Fig. 10 — Histogram 71 weighted image with uneven distribu-
tion of the restored data in the signal array

4. CONCLUSIONS

As can be seen from the presented results, even given
the loss of 30 % of the image data, it can be restored by
the proposed method with a fairly high accuracy (the
correlation was 0.96045). The image loses quality only
for visual comparison. Increasing the number of points
taken into account when restoring the signal should im-
prove the visual quality of the image.

We decided to test this signal recovery algorithm for
various types of tomographic images. The algorithm was
applied to 71, T2 and p — weighted images. The results
are presented in Table 2.

From these histograms it is noticeable that there is
an additional noise in the entire image.

From the practical point of view, the results obtained
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BinHoB/ieHHsa maHUX CUTHAJIY CHaAy BiJbHOIL iHAyKIil mi1s
pexoHcTpyknii y MPT 3 inTepnossuiero

A.B. Herpe6a, 10.0. Kuamxko

Darynvmem padioi3uKku, eeKMmpPOHIKU Mma KOMN IOMEPHUX cucmem,
Kuiscoruli nayionanvruli yHisepcumem imeni Tapaca Illesuenka, 01601 Kuis, Yrpaina

PoarysayTa 3ajaua BiTHOBJIEHHS MATHITHO-PE30HAHCHUX TOMOTIPAM JJIsi HEPETryJIIPHOTO 3aII0BHEHHS Ja-
HUMHM CUTHAJIY CITaJy BLIBHOI IHIYKIIII TOYOK BHMIPIOBAHb y rpamieHTHoMy K-mmpocrtopi. PeasizoBana mporie-
Iypa BUMIPIOBAHHS CUTHAJIB 3 BEJIMYNHOIO HEPETYJIAPHOCTI AKA 3aJIEKUTh BiJ BIUIAJIEHOCT] Bif IIEHTPY 00-
nacri K-mmpocropy. 3ampormoHoBaHi IHTEPITOJIAIIIAHI METOIN JOITOBHEHHS IIPOIIYIIIEHNX BUMIpIOBaHb. [IpoaHa-
JT130BaHI BITHOBJIEHI TOMOI'PAMH JIJIS CIIEIiaJIbHUX YMOB IIPOBEIEHHS TOMOrpadgIvyHOro excriepumMenTy. Hase-
JIEHO IIPUKJIATN BITHOBJIEHUX MEIUYHUX TOMOTIPadiuyHmX 300paskeHb IJIs Pi3HOI Mipy HEPeryJIIPHOCTI CUrHA-
siB. J{J1s1 1160T0 IIPOBEIEeHO MOJIeTIOBAHHS POOOTH BUMIPIOBAIHLHOI CUCTEMHU CUTHAJY BiATYKY. B sikocTi 06'exTa
IIJIS pO3paxXyHKy CHUTHAJIIB 00paHo peasibHe ToMorpadiure 300paskeHHs. BusHaueHO KIJIBKICHI XapaKTepuc-
THUKHA 3aJIEIKHOCT] SKOCT1 TOMOTPAMIUHOI PEKOHCTPYKILI I PI3HOI YACTKY HEPEeTYJISTPHOCT JAHUX JJIST JTeKi-
JIBKOX THUITIB TOMOTPAMIYHAX 300pakeHb, 30KpeMa 3BaKeHNX 34 CIIIHOBOIO TYCTHHOIO, YacOM CITIH-CIIIHOBOI Ta
YacoM CIIH-TPaTKOBOI pesakcari. [IpoBeeHe B3aemMHe MOPIBHSAHHS YYTJIUBOCTI JI0 XapPaKTEPUCTUK HAOOPY
CUTHAJNIB PI3HUX IMITYJIbCHUX IIOCJIIJOBHOCTEH, sIKl BU3HAYAIOTH OCOOJMBOCTI 3BAKEHOCT] PEKOHCTPYKIII 34
CIIHOBHMU XapakTepucTuraMmu. J1Js IOpiBHSAHHSA y3araJbHeHHX XapaKTEePUCTUK 300paskeHb [100yI0BaHi Tric-
Torpamu. [lokasano, 1m0 3aCTOCYBaHHSA METO/Iy 0OPOOKH paHiIle BUMIPAHOTO CUTHAJITY JI0 IIPOBEIeHHS PeKOH-
CTPYKIII1 JO3BOJISIE IIPOBECTH YACTKOBY KOMIIEHCAIIIO HeleaabHOCTI Habopy CHTHAJIB Ta BIJHOBUTH MeIUYHL
ToMorpadiuHi 300paskeHHs OLIBII BHCOKOI AKocTi. JJ1a peasbHHX TOMOrpaM BH3HAYEHI YMOBH OTPUMAHHS
BHCOKOI IKOCTI BidyaJsrisaliil JJIsi HEIIOBHOTO HAOOPY JAHUX CHUTHAJY. 3aIlpOIIOHOBAHO cepH 3aCTOCYBAHHS
METOIB MOIIePeIHBOI 00POOKH BUMIPSHOIO MACHBY CUTHAJIY BIATYKY, 30KpeMa AJIs TOMOrpadivHOro 00Ia-
HAHHS 3 MEHIIIOK BEJIMYNHOI [OCTIAHOT KOMIIOHEHTH MATHITHOTO II0JISI.

Kmiouosi cnosa: MPT, Iarepmonsiiitai metonu, I'pamient, Pexorerpyxitis, BinHosaeHnss.
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