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Introduction: The most important goals of high field transmit array design are performance, robustness and safety. A solution has not yet been found for 
global optimization of all these goals. The performance measures B1+V (B1+ averaged over the volume of interest (VOI)) and IB1+V (B1+ root-mean-square 
inhomogeneity, obtained for a given transmit power) are often subject to trade-offs. A dual-row array design provides more flexibility compared to a single 
row array. Use of additional degrees of freedom, for example asymmetry in the excitation power for each row and a variable phase shift between the array 
rows when excited in a circular polarization mode, together with an optimization using a simple “sweep” procedure, allows a significant decrease of IB1+V,  to 
as little as 10% calculated over a human brain[1].  

When global optimum conditions were evaluated for arbitrary values of power and phase, a static shim procedure based on the “patternsearch” function, 
available in the Matlab Global Optimization Toolbox™, resulted in many local minima [1], most of them consisting of a poorer trade-off between B1+V and 
IB1+V than that found with “sweep” optimization. Our numerical simulation goals in this study were: a) to apply a powerful global optimization approach for 
static shimming of dual row arrays already investigated by a simple optimization approach [1] and b) to evaluate the robustness of the static shim conditions 
thus obtained. 

 
Method: We investigated overlapped dual-row arrays with inductive decoupling networks between all adjacent elements, which were mounted on a 
cylindrical acrylic former with diameter 280 mm. Each row consisted of 8 radiative elements with angular size of 40° and axial lengths of 80, 100, and 110 
mm. The loads utilized were the multi-tissue Ansoft human body models, cut in the middle of the torso, with scaling factors: X=0.9, Y=0.9, Z=0.9 (simulating 
an average head). The RF circuit simulator was Agilent ADS 2013.06, and ANSYS HFSS 15 was chosen as the 3-D EM tool.  The array geometries and array 
modeling are detailed in [2]. After 3-D EM and RF circuit co-simulation, the E and H fields (on an equidistant 1 mm mesh for head-and-torso model only) for 
16 independently excited radiative elements were exported from HFSS to temporary ASCII files, and then converted into files in Matlab (The Mathworks, 
Natick, MA, USA) format. The RF shim pulse design consisted of the following optimization problem: ‖| | ‖ ,  s.t. | |  and ‖ ‖ 	 	W, 
where FA denotes the VOI target flip angle, Ptransmit denotes array input power, and x is the complex excitation vector of size 16×1. The matrix , whose 
elements are , : , , encodes the B1 fields of the  channels, and each row corresponds to a different spatial location . The pulse duration T 
was taken as 810 μs. The FA was varied between 5° and 15°. The optimization was run on the brain mask, with and without the cerebellum, for an 
undersampled 5 mm isotropic resolution, and was performed by using the interior-point algorithm provided by Matlab with 400 iterations. The peak SAR 10g 
and global SAR values were calculated after each run using data on an equidistant 1 mm mesh. SAR 10g was not included in the optimization because we 
simulated the case when experimental B1+ maps are used and E field distributions are unknown. All results were scaled for Ptransmit of 8 W. Robustness was 
estimated by Monte Carlo analysis, varying randomly the excitation vector amplitudes and phases by +/- 3%  and +/- 3° respectively.  

 
Results and discussion:  We use the following abbreviations for convenience: "L×H×O×V" denotes an array configuration where L is the radiative 

element axial length in mm, H is the distance between the crown of the head and the end of the array in mm, O is circuit level optimization (“SpO” denotes an 
array with inductive decoupling networks between all adjacent elements when optimization based on S parameters was applied, "Pr" denotes an array with 
only axially adjacent elements decoupled, when the power reflected by the entire array (Parray_refl) was minimized for a set of excitation vectors), and V is VOI 
used (“b” denotes VOI without the cerebellum,  “bc” denotes VOI with the cerebellum). For all geometries the smooth trade-off between the inhomogeneity 
and FA was obtained. We include in Table 1 the two values for each entry: one obtained for the smallest achievable inhomogeneity and another obtained for 
flip angle of 15°. The B1+V, IB1+V and SAR 10g values appeared robust with respect to small random perturbations (Fig.2). 
Geometry B1+V, μT IB1+V, % SAR10g, W/kg Parray_refl, W 

Fig.1 B1+ slices. Left the best homogeneity case, right case for FA=15° 

80×27×SpO×b 0.66/1.21 5.95/10.9 2.04/2.43 2.01/0.25 
80×27×SpO×bc 0.57/1.21 10.4/16.1 1.85/2.43 2.32/0.29 
80×27× Pr×b 0.40/1.21 6.15/9.25 0.73/2.35 5.63/0.28 
80×27× Pr×bc 0.40/1.21 11.04/15.5 0.64/2.43 6.38/0.39 
80×12×SpO×b 0.66/1.21 6.09/11.24 3.29/2.64 1.35/0.26 
80×12×SpO×bc 0.65/1.21 9.6/15.4 1.84/2.60 1.58/0.34 
100×47×SpO×b 0.54/1.21 5.56/10.83 1.97/2.47 2.35/0.27 
100×47×SpO×bc 0.48/1.21 9.31/15.33 1.38/2.57 2.28/0.38 
100×12×SpO×b 0.57/1.21 7.05/13.5 5.51/2.90 1.23/0.29 
100×12×SpO×bc 0.60/1.21 9.3/15.7 3.04/2.95 1.74/0.39 
110×57×SpO×b 0.46/1.21 5.44/12.2 1.59/2.57 3.73/0.26 
110×57×SpO×bc 0.42/1.21 8.88/15.75 1.15/2.71 4.24/0.28 
110×12×SpO×b 0.55/1.21 7.97/14.94 6.00/2.88 1.67/1.37 
110×12×SpO×bc 0.49/1.21 9.22/16.67 2.70/2.98 1.75/1.46 
Conclusion:   The interior-point algorithm is a powerful approach in the search for an 
excitation vector giving the best homogeneity for a dual row array. Homogeneity improvement 
can be obtained only at the cost of a reduced B1+ averaged over the brain. Exclusion of SAR 
from the static shim optimization domain resulted in a significant variation in SAR 10g. A 
head position such that the distance between the crown and array axial centre is about 50 mm
results in the best homogeneity for arrays with different element axial lengths. An array with
decoupling only of axially adjacent elements, tuned using minimization of the power reflected 
by the entire array, is suitable for a static shim approach. Its safety excitation efficiency can be
even higher than that of an array with inductive decoupling networks between all adjacent
elements tuned using S parameter-based optimization.  

 
Fig.2 Robustness results for geometry 80×27×SpO×b 
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