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With the development of MR machines 
that offer the capability to examine large 
regions of the body without patient and/
or coil repositioning [1], MRI can now 
be used for imaging systemic aspects of 
diseases e.g. in oncology [1-6]. But 
documentation of complex pathologies 
requires a fast and easy assessment of 
all findings. For this purpose, image-
composing techniques may be helpful [1]. 
To acquire information from large body 

formed including for small areas of inter-
est, negating the potential advantage of 
large FOV images for fast and easy access 
to pathologic findings. This problem 
will be aggravated regarding composed 
images.
Therefore, a simple applicable and robust 
post-processing approach is required 
to improve signal homogeneity for com-
posing large FOV MR images in clinical 
routine. 
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regions, large fields-of-view (FOV) and 
multi-channel coils have to be applied 
[1, 5, 6]. Unfortunately, images with 
large FOV are often characterized by in-
homogeneous illumination. At 1.5T this 
is caused mainly by local variations of 
coil sensitivities. This problem can be 
pronounced at higher field strength 
by dielectric resonances, causing local 
B1 inhomogeneities [7]. Consequently, 
manual adjustments have to be per-

1 The filter as de-
scribed in this article 
can be applied easily 
within the syngo com-
posing software without 
the demand of exten-
sive computing time. 

1 

2 Overview of the basic steps of the filter.

The modified homomorphic filter in 
the syngo composing software (Fig. 1) 
was initially developed to reduce arti-
facts caused by dielectric resonances 
[8]. The purpose of the filter is to remove 
signal inhomogeneities introduced into 
the image by various phenomena, at 

2 

1.5T this is mainly caused by sensitivity 
variations of the RF-coils.
The method is based on the homomor-
phic filter as described in reference [9]. 
Homomorphic filters assume that the 
acquired image is a multiplication of the 
ideal homogenous image and the inho-

mogeneity. Therefore, inhomogeneity 
can be suppressed by a notch filter 
(removes low frequency components) 
applied to the spectrum of the logarithm 
of the image. In comparison to a stan-
dard homomorphic filter, the developed 
filter includes algorithms to exclude 
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a threshold and 
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The resulting 
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signal intensity 
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3 This case demonstrates the improved signal uniformity in whole-body MRI, when the homomorphic filter is applied. 
Original composed T2-weighted STIR images are given in figures 3a, b and c; filtered images are given in figures 3 (A), (B) and (C). While signal 
uniformity is clearly improved by the homomorphic filter especially for the brain, the metastases (marked by arrows) of the kidney cell cancer are 
well delineated without loss of contrast to their surrounding tissues. (Note: all images have the same window levels for contrast and brightness.) 

3a 3b 3c 

3 Filtered images are given in figures 3 (A), (B) and (C). 
Case courtesy of Heinz-Peter Schlemmer and Matthias Lichy, University of Tuebingen, 
Department of Diagnostic and Interventional Radiology, Tuebingen, Germany.

3A 3B 3C 
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influences of areas with very low signal 
intensity inside the object and in the 
background. A “cepstrum” (spectrum of 
the logarithm of the image) is calculated 
from this prepared image and a notch 
filter is applied on the cepstrum (Fig. 2).
The filter can be applied on all kinds 
of MR images, and is very valuable on 
composed images. It includes different 
steps. Firstly, the image resolution is 
reduced. One effect is that the effective 
signal-to-noise ratio (SNR) is increased 
in this new image and, additionally, 
computing performance is improved. 
Secondly, areas with low signal intensity 
are detected by setting of a threshold; 
isolated pixels in the background and 
inside the object are removed, including 
pixels with possible partial volume 
effects (via erosion). In the next step the 
initial signal intensities of the removed 
pixels are replaced by the mean value 
of N neighboring volume elements (with 
N~10–100) (compare step 1, Fig. 2). To 
minimize problems with extreme signal 
changes (especially present at the image 

border), the filter mirrors these parts 
to the outside. For this purpose, the 
dimensions of the image are enlarged 
to avoid problems caused by circular 
convolutions at the borders, which can 
cause a leap in the sensitivity. Now the 
standard homomorphic filter algorithm 
is applied on this new and artificial 
image with low resolution (compare 
step 2, Fig. 2). The ratio of the filtered 
image and the input artificial image 
provide the correction function (com-
pare step 3, Fig. 2). Finally, the filter 
interpolates this correction function 
from the central part of the artificial, 
low-resolution image to full resolution 
(this area is corresponding to the non-
mirrored central part of the initial 
image). After a multiplication with the 
values of the initial fully resolved 
image, a corrected image with improved 
signal uniformity is resulting (compare 
step 4, Fig. 2). 
Further information about the function 
of the filter can be found in reference [8]. 
A clinical example of the improvement 
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