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Introduction  
The parallel transmission technique [1] helps to improve excitation uniformity 
and enables acceleration of related parallel transmit radiofrequency pulses in 
ultra-high field MRI. However, the overall performance of parallel transmission 
relates not only to the pulse design method and the specific arrangement of 
the transmit coil array, but is also influenced by several hardware and software 
imperfections. In this work, we systematically investigate the factors that could 
pose negative influence on the transmit pulse performance. 
Methodology   
Basic settings The B1 & B0 field maps were acquired with a home-built 
8-channel TxRx array head coil [2] and a spherical spectroscopy phantom filled 
with an aqueous solution of acetate and lactate on a 9.4T Magnetom SIEMENS 
scanner (SIEMENS Healthcare, Erlangen, Germany). The desired excitation 
pattern is a uniform checkerboard in a slice of 22cm FOV, as shown in Fig 1(a).  

RF pulse design method The 2D parallel RF pulses are designed based on the 
small-tip-angle (STA) approach [3] combined with subspace preconditioned 
least squares optimization (LSQR), a spiral in or spiral out trajectory and eight 
independent transmit channels.  

B1 mapping inaccuracy & B0 inhomogeneity The impact of inaccurate B1+ 
mapping especially in the low flip angle regime has been investigated by 
comparing excitation pattern based on B1+ maps from three different mapping 
methods: pre-conditioned TurboFLASH, AFI and Bloch Siegert. The influence of 
B0 inhomogeneity and B0 inhomogeneity correction was also investigated.  

RF monitor RF pulse shapes are measured with the DICOs when local SAR 
supervision is activated in the Siemens TX Array Step 2.1. These data have been 
used to compare the actual and theoretically designed pulse shapes. In addition 
a simulation study has been performed to investigate the impact of RF pulse 
shape inaccuracy. Excitation pattern resulting from actual and theoretical pulse 
shapes were compared.  

Gradient monitor The spiral trajectory was monitored using a custom built 
16-channel NMR field camera [4, 5] and compared to the theoretical trajectory. 
In addition, gradient delays have been assessed. Comparative measurements 
with and without consideration of gradient delays and trajectory deviations 
during the pulse design process have been performed.  
In vivo measurement Finally an in vivo experiment was performed with 
correction of the most influential factors.  
Results and discussion  
The influence of B1 mapping inaccuracy is first investigated in Fig 3 by 
comparing the measured excitation profiles achieved by pulses design using B1 
maps acquired with the three mapping methods, whose measured profiles are 
shown in Fig 2. It can be seen from Fig 2 that AFI and BSS share similar profiles 
while TurboFLASH comparably overestimates the near center part of the 
phantom, which explains a less-excited part in the same region. And BSS profile 
has more blurs could be due to the sparkling errors in the B1 estimation, which 
needs to be further calibrated. B0 inhomogeneity could also lead to blurring 
effects as seen from Fig 3(d). 

By comparing the measured and theoretically designed RF pulse shapes, we 
observed a 5us delay and amplitude deviations in different voltage levels. Fig 
4(a) shows the comparison of those pulse shapes after delay calibrations. As 
seen from Fig 4(b), we also simulated excitation profile by using the measured 
RF pulse shapes and AFI B1 maps, which doesn't resemble the measured profile, 
therefore the fidelity of the measured pulse shapes needs to be further 
investigated. By comparing the measured and theoretically designed k-space 
trajectories, we also observed a 5us delay and amplitude deviations. As can be 
seen from Fig 5(b-d), most of the deviations of excitation profile could be 
compensated by either designing in a manner of RF oversampling (factor of 2) 
or taking into consideration the actual k-space trajectory while applying a half 
dwell time (5us) delay calibration.  

Finally, from Fig 6 can we see an acceptable in vivo excitation profile (a vertical 
“MPI” figure shape), with pulse designed in consideration of aforementioned 
influence factors, among which we see B1+ mapping inaccuracy and RF pulse 
shape deviations as the major influence factors in conclusion. 
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Fig 1 (a) Desired excitation profile. (b) B0 map (in Hz). 

 
Fig 2 B1

+ map of all the channels acquired by using (upper row), 
pre-conditioned TurboFLASH (middle row) AFI and (lower row) Bloch 
Siegert, with unit of uT per voltage.  
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Fig 3. (a-c) Measured excitation profiles achieved by pulses designed with 
consideration of B0 map and using B1 maps acquired by using 
pre-conditioned TurboFLASH, AFI and Bloch Siegert. (d) Excitation profile 
achieved by pulses designed without consideration of B0 map and using B1 
maps acquired by using AFI. 
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Fig 4. (a) Measured (blue) and theoretically designed (pink) RF pulse shapes 
compared in two different voltage levels (upper row: 0~120V, lower row: 
0~16V). (b) Simulated excitation profile by using the measured RF pulse 
shapes. 

 
Fig 5. (a) Comparison of measured (blue) and theoretically designed (pink) 
k-space trajectory. (b-e) Measured excitation profiles achieved by pulses 
designed (b) without consideration of gradient deviations, (c) with one dwell 
time (10us) delay calibration, (d) with one dwell time (10us) delay calibration 
and consideration of gradient deviations, and (e) with half dwell time (5us) 
delay calibration in a manner of RF oversampling (oversampling factor: 2). 
 

 
Fig 6. In vivo measured excitation 
profile (a vertical “MPI” figure 
shape) achieved by pulse designed 
by using B1 map acquired from 
AFI-corrected pre-conditioned 
TurboFLASH, with RF pulse 
delay calibration and 
consideration of k-space trajectory 
deviations. 
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