
  

� 

Abstract²This study explores the performance of a novel 

hybrid technology, in which the recently introduced rotating 

RF coil (RRFC) was combined with the principles of Parallel 

Imaging (PI) to improve the quality and speed of magnetic 

resonance (MR) images. To evaluate the system, a low-density 

naturally-decoupled 4-channel rotating radiofrequency coil 

array (RRFCA) was modelled and investigated. The traditional 

SENSitivity Encoding (SENSE) reconstruction method and the 

means of calculating the geometry factor distribution (g map) 

were adapted to take into account the transient sensitivity 

encoding.  It was found from simulations at 3T that, continuous 

rotating motion considerably enhanced the coil sensitivity 

encoding capability, making higher reduction factors in scan 

time possible. The sensitivity encoding capability can be further 

improved by choosing an optimal speed of array rotation. 

Compared to traditional phased-array coils (PACs) with twice 

as many coil elements, the RRFCA demonstrated clear 

advantages in terms of quality of reconstruction and superior 

noise behaviour in all the cases investigated in this initial study.  

I. INTRODUCTION 

Long acquisition times in magnetic resonance imaging 
(MRI) can cause physiological motion artefacts and add 
discomfort to patients. Consequently, minimising scan time 
without compromising image quality has been one of the 
main thrusts for MRI research since the establishment of the 
field. Broadly speaking, two main approaches have been 
developed for MR imaging acceleration: (1) full k-space 
scanning using fast pulse sequences [1-3]; (2) k-space sub-
sampling using parallel imaging or sparse sampling [4-7].  

 To reconstruct full field-of-view images from partial k-
space acquisition, parallel imaging (PI) has been successfully 
applied in clinical applications. In PI, multiple receiver 
radiofrequency (RF) coils are used to implement 
simultaneous k-space under-sampling. The image is then 
reconstructed with the help of sensitivity encoding provided 
by multiple receiver RF coils. There are many different 
reconstruction algorithms, such as: SENSitivity Encoding 
(SENSE) [4, 5], Simultaneous Acquisition of Spatial 
Harmonics (SMASH) [6] and Generalized Autocalibrating 
Partially Parallel Acquisition (GRAPPA) [7]. SENSE 
employs multiple receiver RF coils to complement and 
partially replace gradient encoding, thus reducing k-space 
data and scan time. In order to obtain higher acceleration 
factors, the current trend is to increase the number of RF 
coils/channels, thereby providing more unique sensitivity 
encoding functions. However, adding more elements 

                                                           
1School of Information Technology and Electrical Engineering, 

University of Queensland, QLD 4072, Australia (e-mail: 

mingyan@itee.uq.edu.au) 

increases electromagnetic coil-to-coil coupling interactions 
and hardware cost.  

The rotating RF coil technique has recently been 
introduced as a novel alternate method, in which a single RF 
coil (RRFC) is rotated about the patient to induce and receive 
the MR signals for subsequent image formation [8, 9]. 
Compared to traditional phased-array coils (PACs), the 
RRFC has intrinsic advantages, including: no mutual 
coupling between coil elements and being relatively 
inexpensive (i.e. only one RF channel and accompanying 
electronics). In practice, however, the acceleration capability 
and signal-to-noise performance of the single-element RRFC 
can be limited by the speed of coil rotation and  ill-posed 
nature of the linear system equation [10, 11].  

In the current study, a four-element low-density naturally-
decoupled rotating radiofrequency coil array (RRFCA) is 
modelled and investigated. The proposed coil model has 
advantages, such as (1) sufficient coil-to-coil separations and, 
therefore, natural decoupling; (2) low RF channel count 
implying relatively low hardware cost; and (3) the rotating 
motion of the array can potentially provide uniform coverage 
of the imaged subject as well as numerous sensitivity 
encoding functions. Using electromagnetic models and 
numerical simulations, the current study investigates the 
feasibility of such a rotating coil array for accelerated parallel 
acquisitions. The method of reconstruction and noise 
behaviour are presented. The performance of the proposed 
hybrid system is compared with traditional stationary 4- and 
8-element arrays at various reduction factors.  

II. METHODOLOGY 

A. Modelling and calculation of B1 fields 

The RRFCA model was an array of RF coils with 
identical structure evenly distributed around the cylindrical 
coil former of 300 mm in diameter, which was continuously 
rotating about the longitudinal axis.  In the current study, the 
RRFCA consisted of a total of 4 elements, each of which was 
300 mm in length (longitudinal) and 100 mm in width 
(transversal). This provided ample distance (130 mm) and 
sufficient electromagnetic separation between two adjacent 
elements when loaded (-15 dB).  A homogenous spherical 
head phantom with 125 mm in radius was placed in the 
isocentre of the gradients system. The RRFCA and phantom 
geometry are shown in Fig. 1. The permittivity and 
conductivity of the phantom were 52 and 0.4 S/m 
respectively, to mimic ³DYHUDJH´�EUDLQ tissue at 128 MHz. 
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