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Introduction: 
A new model-based fast tuning method for MR coil arrays is presented that minimizes the total number of required manual operations (i.e., solders, 
de-solders, trim capacitor tuning).  Two typical objectives in MR coil tuning are (1) matching loaded coil impedance to optimize the preamplifier 
noise figure, and (2) maximizing the preamplifier decoupling impedance.  Both impedances are controlled by tunable components (typically 
capacitors) in the coil circuit and matching network.  Given that the values of the circuit components (e.g., capacitance or preamp input impedance) 
are variable across individual elements, tuning operations beyond initial component selection are required in order to meet coil specifications.  
Conventional, manual tuning iterates over alternate steps of tuning the matching impedance of a coil element and then tuning the preamp decoupling 
impedance.  This process requires many soldering/de-soldering operations to optimize the tuning capacitors to meet both impedance specifications.  
The proposed model-based method (implemented in MATLAB) creates a parameterized coil circuit model and solves the inverse problem by 
estimating component values using measurements dynamically obtained from a network analyzer.  Compared with manual tuning, even when 
benefitting from human experience, the total number of tuning operations and time expense for the proposed method are expected to be reduced.   
Evaluated for performance against a trained human operator, achievement of the inverse solution using the model-based tuning algorithm required 
fewer operations to meet tuning specifications and also achieved more optimal matching performance. 
 
Method: 
The model-based tuning algorithm operates as follows (Fig. 1, left).   A network analyzer is used to collect impedance measurements.  These are used 
to generate updated estimates of parameters values in the coil circuit model. Assuming fixed component values (e.g., coil inductance) remain 
unchanged, target values for tunable components are obtained by minimizing a cost function that seeks simultaneous optimization of both matching 
and preamp decoupling impedances.  Recommended replacement values for tunable capacitors are presented from a list of available components.  
After replacement, new measurements are taken and the process iterates until specifications are met.  The algorithm has been implemented via a 
graphic user interface in MATLAB (Fig. 1, right).  

    
Figure 1: Flow chart (left) and GUI (right) of model-based tuning algorithm 

The model-based tuning method was evaluated against manual tuning on a fixed set of eight channels on a General Electric 1.5T head-neck-spine 
(HNS) thoracolumbar (TL) coil array, reset between tests to have identical initial status for each method. 

Experimental Results and Conclusion: 
 Model-based tuning required equal or fewer operations than manual tuning while yielding better final matching (Figure 2). 
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Figure 2: Comparison of model-based (shaded rows) with manual (white rows) tuning of 8-channel coil array 
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