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Fractional magnetic resonance imaging based on
inhomogeneous main magnetic field

Zhang Yanshan®*, Pang Dongdong?, Ma Penggel, Wang Zhongyong?, Di Jinhong?

! Zhengzhou University of Aeronautics, Zhengzhou, Henan 450015, China;
2School of Information Engineering, Zhengzhou University, Zhengzhou, Henan 450001, China

Abstract: The existing NMR equipment is uneven to face the main magnetic field, mostly adopts the hardware me-
thod of magnetic field compensation, such as magnetic field compensation, but it brings bad effects such as image
artifact and blurred image. In view of the problem of magnetic field inhomogeneous in magnetic resonance imaging,
a fractional domain magnetic resonance imaging (fMRI) method under the main magnetic field inhomogeneous is
proposed. First, select a layer of living tissue to be imaged, select several points on the layer and measure the in-
tensity of the magnetic field on the layer. Based on the principle of magnetic resonance imaging, establish the model
of the magnetic field intensity distribution in the imaging area, and then establish. The polynomial model of the
magnetic field can be divided into the second-order polynomial model and the higher-order polynomial model ac-
cording to whether there is a significant second-order component in the measured magnetic field. Then, the two
models are respectively substituted into the free-induction decay (FID) signals of the magnetic resonance. For the
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second-order model, the fractional Fourier transform tool can be used to solve the spin density function on one layer
of the imaged object. The order model needs to obtain the spin density function at a certain level of the imaging ob-
ject by solving the algebraic equation, thus establishing the MR signal model with any non-uniform main magnetic
field. Experimental results show that this method achieves the same effect as the uniform main magnetic field.
Keywords: magnetic resonance imaging; polynomial model; spin density function; fractional Fourier transform
Citation: Zhang Y S, Pang D D, Ma P G, et al. Fractional magnetic resonance imaging based on inhomogeneous
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Imaging implementation flow chart
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Fig. 2 Comparison of imaging results. (a) Magnetic resonance imaging based on traditional Fourier transform; (b) Magnetic
resonance imaging based on magnetic field second-order model
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Fig. 3 Comparison of imaging results. (a) Direct Fractional magnetic resonance imaging; (b) Fractional Fourier transform
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Fractional Fourier transform magnetic resonance imaging

Overview: The existing NMR equipment is uneven to face the main magnetic field, mostly adopts the hardware me-
thod of magnetic field compensation, such as magnetic field compensation, but it brings bad effects such as image arti-
fact and blurred image. In view of the problem of magnetic field inhomogeneous in magnetic resonance imaging, a frac-
tional domain magnetic resonance imaging (fMRI) method under the main magnetic field inhomogeneous is proposed.
First, select a layer of living tissue to be imaged, select several points on the layer and measure the intensity of the mag-
netic field on the layer. Based on the principle of magnetic resonance imaging, establish the model of the magnetic field
intensity distribution in the imaging area, and then establish. The polynomial model of the magnetic field can be di-
vided into the second-order polynomial model and the higher-order polynomial model according to whether there is a
significant second-order component in the measured magnetic field. Then, the two models are respectively substituted
into the free-induction decay (FID) signals of the magnetic resonance. For the second-order model, the fractional
Fourier transform tool can be used to solve the spin density function on one layer of the imaged object. The order model
needs to obtain the spin density function at a certain level of the imaging object by solving the algebraic equation, thus
establishing the MR signal model with any non-uniform main magnetic field. Experimental results show that this me-
thod achieves the same effect as the uniform main magnetic field. Since the MRI technique of presenting the discrete
model of the main magnetic field is a completely adaptive imaging method, it is only necessary to know the distribution
of the main magnetic field intensity at a certain layer of the living tissue in any position of the magnet, and the measured
virtual two-dimensional FID signal. Imaging can be performed in accordance with the imaging method. Therefore, this
method avoids the inconvenience of employing a professional staff to perform uniform magnetic field debugging in
order to make the magnetic field uniform or nearly uniform, which also reduces the cost of professional staffing. Com-
pared with the original method of compensating the unevenness of the original main magnetic field such as the sticking
magnet or the manual adjustment, the method has the characteristics of high degree of automation, strong adaptability
and low requirement on the unevenness of the magnetic field.

Citation: Zhang Y S, Pang D D, Ma P G, et al. Fractional magnetic resonance imaging based on inhomogeneous main
magnetic field[J]. Opto-Electronic Engineering, 2018, 45(6): 170737
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