
Fig.1. The difference of pixel shift map calculation method along the non-distorted 
dimension (‘s’ dimension) (a) and the distorted dimension (‘y’ dimension) (b). 
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INTRODUCTION: Compared to the conventional imaging sequences EPI is more prone 
to a variety of artifacts such as geometric distortion due to strong magnetic field 
inhomogeneity and susceptibility. Recently, a number of different approaches have been 
proposed for correcting the distortion in EPI, one of them is the point spread function (PSF) 
mapping method.[1-2] PSF distortion correction techniques are now extensively used and 
are successful in the low field strength MRI such as 1.5T or 3.0T. These techniques, 
however, are still unable to correct distortions such as bulging effect in case of local 
stretching and PSF ghost artifact, especially in UHF (ultra high field) MRI. Bulging effect 
occurs primarily due to the local susceptibility effects. As magnetic field increases, these 
effects become more pronounced and are difficult to correct accurately. In order to 
overcome aforementioned problem our previous paper reports an improved PSF mapping 
method.[2] Our previously proposed PSF mapping method use distortion dimensional(or 
‘y’ dimensional) PSF correction scheme and in case of local stretching, it allows 
determination of the shift with significantly higher spatial accuracy due to the distribution 
across multiple voxels (see Fig.1 (b)). Nonetheless, this correction method still has a 
problem. Especially in UHF MRI, EPI image has both compressed and stretched geometric 
distortions depending on the B1 field inhomogeneity 
and local susceptibility. As shown in Fig.1, in case 
of local compression, distortion dimensional PSF 
mapping method has less information of pixel 
distribution than non-distortion dimensional PSF 
mapping method. Therefore, to correct both 
compressed and stretched region, shift map with 
more information is selectively applied method is 
needed. To combine both method we propose a PSF 
mapping method, which takes into account both the 
distortion and the non-distortion dimensional 
correction schemes, instead of previously employed 
singular method where either non-distortion[1] or 
distortion dimensional[2] correction are used. 
MATERIALS AND METHODS: Our new 
proposed method uses combined ‘s’ and ‘y’ 
dimension PSF shift map depending on the region 
identified by the differentiation technique described 
in Fig.2. First, the maximum point of 2D PSF image 
along diagonal direction (perpendicular to ideal 
correlation line) was searched to obtain distortion 
correlation line as shown in Fig.2(b). Replicating 
this at every frequency encoding step (‘x’ 
dimension) generates maximum point of 3D PSF 
data. After the search and finding of the maximum 
point of 3D PSF data, 2D-polynomial fitting was 
applied and a continuous PSF data was generated as 
shown in Fig.2(c) followed by choose one fitted 
correlation line data (shown in Fig.2(d)). To decide 
fitting order and minimize fitting error, RMSE 
method was used between PSF data and fitted value. This PSF line is then differentiated to obtain a 
differential curve as shown in Fig.2(e). From this differential curve we have determined that the 
region in the PSF is whether the ‘s’ dimension or ‘y’ dimension. Decision was made by selecting the 
absolute value of the differential curve as shown in Fig.2(e). From this curve, we have determined, if 
the absolute value is less than 1, as a non-distortion dimension and lager than 1 as a distortion 
dimension, respectively. This selection criterion gives us clear selection of whether a certain region 
in the PSF curve belongs to non-distortion dimension or distortion dimension. To verify the 
advantage of the new method, PSF data and EPI data were acquired using the PSF sequence developed by Zaitsev et al.[1]. All procedures are currently implemented using Matlab. 
For data acquisition, an 8-channel coil was used for in-vivo human brain using 7T MRI (Siemens). 
RESULTS AND DISCUSSION: Fig.3 shows the results of three different PSF mapping methods in human brain. The experimental parameters are FOV = 224x224, Thickness = 
1.4 mm, Matrix = 160x160, TR = 3000 ms, TE = 39 ms. Fig.3(a) is the GE image which we used as a reference. Fig.3(b) shows, the original uncorrected distorted EPI image while 
Fig.3(c) is selection criteria map. White and black color areas represent ‘y’ and ‘s’ criteria respectively. Fig.3(d-f) images are the corrected EPI images by using the non-distortion 
dimension PSF shift map, the distortion dimension PSF shift map, and the combined shift map, respectively. To compare results of three corrected images shown in Fig.3(d-f), we 
segmented the ventricle region based on the reference GE image (see the red line in Fig.3(a)) and overlaid it with another results images. In uncorrected EPI image (Fig.3(b)), 
middle of the brain is excessively compressed and the frontal and the occipital area is stretched in comparison with GE reference image. Like this pattern, as shown in Fig.3(c) in 
the middle of selection criteria map is defined ‘s’ and the anterior and posterior areas are defined ‘y’. As shown in Fig.3(d), corrected image by the non-distortion dimension 
corrected result image is accurately corrected in the compressed middle area but insufficient correction in the stretched frontal area (see yellow arrows in Fig.3(d-i)). The distortion 
dimension corrected image (Fig.3(e)) is opposite with the non-distortion dimension corrected result. In the distortion dimension, corrected image is inaccurately corrected in the 
compressed middle area (see ventricular area indicated by yellow arrow in Fig.3(e-i and e-ii) and completely corrected image in the stretched frontal area. The result of combined 
PSF shift map (Fig.3(f)), however, shows is completely corrected image in both compressed and stretched area. 
CONCLUSION: By combining the distortion and non-distortion dimensional correction scheme, we can correct more accurately both the geometric and intensity distortion, which 
are not only caused by the effects of B0 field inhomogeneity but also due to the change of local magnetic field such as susceptibility effects. 
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Fig.2. Procedure of the proposed combined PSF 
shift map calculation. (a) s-y plane 2D PSF data, 
chosen from the transformed 3D k-space. (b) 2D 
PSF line. To make 2D PSF line, search maximum 
point along diagonal direction. (c) 2D fitted PSF 
data. Apply 2D polynomial fitting for 
differentiation. (d) Fitted 2D PSF line. (e) 1st 
differentiate value of fitted 2D PSF line.

Fig.3. Results of the new proposed PSF correction method. (a) GE image 
obtained as a reference. Segmented ventricular areas are shown with red lines 
to compare the results with the previous PSF method. (b) Uncorrected or 
distorted EPI image. Note the severely distorted anterior-fronto area and the 
ventricular area in the middle. (c) Categorized region map. White and black 
color represent the correction needed either in ‘y’ or ‘s’ dimension. (d) 
Distortion corrected image using ‘s’ dimension shift map. (e) Same as (d) but 
using ‘y’ dimension shift map. (f) A corrected result of using combined 
dimension (both ‘s’ and ‘y’ dimensions) shift map. At the bottom row, the 
expanded view images of (d-i), (e-i) and (f-i) are shown to show the details of 
the correction. 
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