
  

  

Abstract— The electric properties (EPs) of brain tissues, i.e., 
the electric conductivity and permittivity, can provide 
important information for diagnosis of various brain disorders. 
A high-field MRI system is accompanied by significant wave 
propagation effects, and the radio frequency (RF) radiation is 
dependent on EPs of the biological tissue. Based on the 
measurement of the active transverse magnetic component of 
the applied RF field (known as B1-mapping technique), we have 
developed a dual-excitation algorithm, which uses two sets of 
measured B1 data, to noninvasively reconstruct the biological 
tissue’s electric properties. A series of computer simulations 
were conducted to evaluate the feasibility and performance of 
the proposed method on a 3-D head model within a birdcage coil 
and a transverse electromagnetic coil. Compared with other 
B1-mapping based reconstruction algorithms, our approach 
provides superior performance without the need for iterative 
computations. The present simulation results indicate good 
reconstruction of electric properties of brain tissues from 
noninvasive MRI B1 mapping. 
 

I. INTRODUCTION 
The electric properties (EPs, conductivity σ and 

permittivity ε) of biological tissues at radio and microwave 
frequencies have been the subject of research for over four 
decades [1]. In the past two decades, many efforts have been 
made to produce cross-sectional images of EPs in vivo by 
means of the Electrical Impedance Tomography (EIT) [2] and 
its variants using magnetic induction (MIT) [3]. However, 
these methods are limited by low spatial resolution due to the 
surface voltage measurements and the need to solve an 
ill-posed inverse problem. A technique called “Magnetic 
Resonance Electrical Impedance Tomography (MREIT)” [4], 
which is based on the Magnetic Resonance Current Density 
Imaging (MRCDI) [5] technique and measures current 
injection inducted MR phase shifts, has been pursued; but it 
requires current injection into the body within an MRI 
scanner. Another recently developed approach, 
Magnetoacoustic Tomography with Magnetic Induction 
(MAT-MI) [6], suggests the promises of obtaining high 
resolution tissue electrical conductivity profiles; however, 
there are no in vivo experiments reported so far. 

In 1991, Haacke et al. proposed a method of extracting 
EPs from MRI images [7]. By using an iterative 
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sensitivity-matrix algorithm, these authors suggested that the 
EPs can be estimated using MRI images which reflect the 
disrupted RF profile. Later on, Wen reported a modified 
Helmholtz equation based non-iterative algorithm and tested 
in phantom experiments on 1.5T and 4.7T MRI [8]. Recently, 
using an iterative algorithm derived from Ampere’s Law, 
Katscher et al. conducted an in vivo experiment on a 3T MRI 
system to image the EPs within a human head and leg [9]. 

The B1-mapping technique was developed to measure the 
rotating RF field components: the transmitted and received 
field in RF coils [10,11]. With the principle of reciprocity 
[12], the Cartesian transverse component of the RF magnetic 
field, Hx and Hy, can be derived. MREPT utilizes these two 
measurements to reconstruct the EP values within the 
biological tissues, and it differs from other noninvasive 
imaging techniques in that no electrode mounting is required 
and no external energy is introduced into the body during 
MRI scanning. It can be performed on a standard MRI system 
using a regular volume coil, and its spatial resolution is 
determined by MRI images and the quality of the applied 
B1-mapping technique. 

In the present study, we have developed a new 
non-iterative dual-excitation algorithm to image the tissue 
EPs by means of MREPT, and conducted computer 
simulation studies to evaluate its performance. The 
performance of the proposed MREPT algorithm is evaluated 
using a five-tissue 3-D realistic head model, a shielded 
12-rung birdcage and transverse electromagnetic (TEM) coil.   

 

II. DUAL-EXCITATION ALGORITHM 
Consider the magnetic permeability inside the biological 

tissues to be equal to that in the vacuum. Ampere’s Law reads 
EEH ωεσ j+=×∇                               (1) 

where H is the magnetic field strength, E the electric field 
vector, ω the operating angular frequency. Using the complex 
permittivity εc=ε-jσ/ω, taking curl of both hand sides of eq. 
(1) and substituting with HE 0ωμj−=×∇ , we get its 
matrix form 
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According to Ampere’s Law, we replace the electric field 
components with magnetic field components. In addition, we 
neglect z component of magnetic field (Hz) since it is less 

Magnetic Resonance Electric Property Imaging of Brain Tissues 
Xiaotong Zhang, Student Member, IEEE, Shanan Zhu, and Bin He, Fellow, IEEE 

4432

31st Annual International Conference of the IEEE EMBS
Minneapolis, Minnesota, USA, September 2-6, 2009

978-1-4244-3296-7/09/$25.00 ©2009 IEEE



  

dominant compared with transverse magnetic field especially 
within the TEM coil [13]. Then we rewrite the first two lines 
of eq. (2) below 
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In Eq. (3), Hx and Hy distributions correspond to B1-mapping 
results, while εc, cc x εε /)/( ∂∂ , cc y εε /)/( ∂∂  and 

cc z εε /)/( ∂∂  are unknown. Once we acquire another set of 
Hx ~ Hy data, we can form a set of linear equations with four 
equations and four unknown variables, and thus εc can be 
solved. In the present study, we used linear excitation mode to 
generate different polarizations by switching the current feed 
point 90○ and 30○ apart from each other, separately.  

In this simulation study, all EM fields were calculated by 
means of finite element method using software ANSYS 11.0 
whereas the postprocessing of EM field data was completed 
by MATLAB 7.1. 

 

III. METHOD 

A. Finite Element Models 
 

 
Fig. 1. Overviews (a) and axial (b), sagittal (c) and coronal (d) views of the 
FEM head and coil models. The head model was meshed with hexahedral 

element while the coil with tetrahedral element. (green: copper shield, cyan: 
rungs and end-rings; magenta: scalp, purple: skull, yellow: CSF, white: WM, 

grey: GM) 
 

T1-weighted MRI images (128×128×72, 2×2×2mm3) of a 
human head, which covered the whole brain, have been 
acquired from a 3T Siemens MRI system. Then the head 
images were segmented into five tissues: skull, scalp, CSF, 
WM and GM. These structure information were imported into 
ANSYS software, and a five-tissue anatomically accurate 
head model was constructed using hexahedral element with 
mesh size of 2×2×2mm3 which is equivalent to the voxel size 
of MRI images. 

A 12-rung birdcage coil and TEM coil were modeled with a 
diameter of 28cm and a length of 28cm. Either coil was 
enclosed by a cylindrical shield having a diameter of 32cm 
and a length of 30cm. Both the coil and the shield were 
meshed with tetrahedral element and assigned with copper 
material. Fig. 1 (a) illustrates the FEM models of the head and 
shielded birdcage coil, and (b)-(d) show the structural views 
on the axial, sagittal and coronal planes. 

To perform a linear excitation, the equivalent circuit 
model [14] was utilized to calculate the electric current in 
each rung. All of the capacitors in the coil were replaced with 
current sources at required resonant frequency.  

B. Simulation Protocols 
Simulations were conducted in 3T (128MHz) 

environment. The corresponding EP values for different head 
tissues were derived from the 4-Cole-Cole Model [15]. 

In order to test the noise tolerance of the proposed 
algorithm, we added Gaussian white noise (GWN) to the 
simulated B1 field data. The noise level is evaluated by 
SNRB1, which is defined as follows 

SNRB1 =  A / samp                               (4) 
where A is the amplitude of noise-free B1 field voxel signal, 
and samp is the standard deviation (STD) of amplitude noise. 
The phase noise STD is phases = 1/ 2 SNRB1. In this study, 
we assumed SNRB1=200.  

The Wiener adaptive low-pass filter was applied to 
pre-process the “contaminated” B1 maps.  

 

IV. RESULTS 
We chose the central slice of the head model to be the 

imaging plane. Fig. 2 shows the reconstructed results when 
noise-free and SNRB1=200 using TEM coil and coil excitation 
S1 and S3. The tissues can be clearly differentiated even with 
noise added.  

We applied S1 and S3, which corresponds to two adjacent 
rungs as current feed points individually, to excite the TEM 
coil. In addition, to verify the influence by neglecting Hz 
component, simulation was also conducted on the birdcage 
coil model with S1 and S2. Comparison of reconstruction 
results (noise-free) is described in Fig. 3. With different coil 
excitation schemes for the TEM coil, reconstruction results 
are almost the same, which indicate the uniqueness 
characteristics of our algorithm. With the same excitation 
scheme but different coils, we observe that for the birdcage 
coil, reconstruction results differ from that of TEM coil, and 
the tissues can also be well differentiated, which suggests that 
neglecting Hz component would insignificantly affect 
reconstruction results. 
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Fig. 2. Reconstructed EPs distribution with the TEM coil when noise-free 

and SNRB1=200. Coil excitation schemes S1 and S2 were applied (upper row: 
σ distribution, bottom row: εr distribution; from left to right: target EPs, 

noise-free, SNRB1=200). 
 

 
Fig. 3. Reconstruction EPs distribution with two coils and different coil 

excitation schemes when noise-free (upper row: σ distribution, bottom row: 
εr distribution; from left to right: target EPs, TEM S1&.S2, TEM S1&S3, 

birdcage S1&S2). 
 

V. DISCUSSION 
MREPT promises to be able to reconstruct not only the 

conductivity distribution, as EIT, MIT, MREIT or MAT-MI 
aims to do, but also the permittivity distribution within 
biological tissues, thus enriching our observations of their 
conditions. In addition, MREPT does not require electrode 
mounting or external energy deposition which poses a 
potential safety concern. As our simulation results indicate, 
the dual-excitation algorithm furnishes us with a practical 
approach to reconstructing the conductivity and permittivity 
distributions within a human. The desirable reconstruction 
results of tissues (Figs. 2 and 3) suggest that MREPT head 
imaging deserves further investigation and can be extended to 
other organs of human body. 

In our algorithm, the z component of the magnetic field 
intensity Hz is neglected. The present simulation results 
suggest our method still works well even in a birdcage coil 
(Fig. 3), in which Hz component prominently exists and is 
mainly generated by end-rings. Using a TEM coil, we can get 
better reconstruction EPs images with higher accuracy. 

The uniqueness of solution is an important issue in inverse 
problems. We applied three coil excitation schemes, and 

conducted the reconstruction procedures by choosing two 
30°-apart (adjacent) and 90°-apart current feed points. It is 
shown that (Fig. 3), under either excitation combination, our 
inverse algorithm works well and produces the same EPs 
distribution, which suggests the uniqueness characteristic of 
its solution. Besides, these promising results also indicate 
that, when the switching of current feed point is infeasible, 
our algorithm may be effective as well by careful subject 
rotation over a small angle. The theoretical ground of 
uniqueness of the MREPT imaging problem will need further 
investigation. 
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