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An Improved Rician Noise Correction Technique from
the Magnitude of Diffusion MR Images

Marzieh Nezamzadeh®
Medical Physics Department, School of Medicine, Tarbiat Modares University, Tehran, Iran

Abstract

The true MR signal intensity extracted from noisy MR magnitude images is biased with the Rician noise
caused by noise rectification in the magnitude calculation for low intensity pixels. This noise is more
problematic when a quantitative analysis is performed based on the magnitude images with low SNR(<3.0).
In such cases, the received signal for both the real and imaginary components will fluctuate around a low
level (e.g. zero) often producing negative values. The magnitude calculation on such signals will rectify all
negative values to produce only positive magnitudes, thereby artificially raising the average level of these
pixels. The signal thus will be biased by the rectified noise. Diffusion MRI using high b-values (using strong
magnetic gradients) is one the most important cases of biased Rician noise. A technique for removing this
bias from individual pixels of magnitude MR images is presented in this study. This method provides a bias
correction for individual pixels using a linear equation with the correction term separated from the term to
be corrected (i.e. the pixel intensity). The correction is exact when the mean and variance of the pixel intensity
probability density functions are known. When accurate mean values are not available, a nearest neighbor
average is used to approximate the mean in the calculation of the linear correction term. With a nine pixel
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nearest neighbor average (i.e. one layer of nearest neighbors) the bias correction for individual pixel
intensities is accurate to within 10% error for signal to noise ratios SNR=1.0. Several different noise
correction schemes from the literature are presented and compared. The new Rician bias correction
presented in this work represents a significant improvement over previously published techniques. The
proposed approach substantially removes the Rician noise bias from diffusion MR signal decay over an
extended range of b-values from zero to very high b-values.

Keywords: magnitude signal, Diffusion MRI, probability distribution function, Rician bias
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(Figure-1): Rician noise PDF vs. SNR indicating its
approach to Gaussian PDF in high SNR system
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(Figure-3): Simulated Rician nosie for several SNR (dashed line) and after correction with averaging over 5, 9, 16, 25 and 100 pixels
(continues lines) using this paper method (a-e) and for only 1 pixel ((f).
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(Table-2): The values of <t9

Jon

> as a function of O for the different n pixel values
R

),
0

n=1 n=5 =9 n=16 n=25 | n=100 | n=1000 n=N
0.0 0.349 0.285 0.259 0.234 | 0.216 | 0.163 0.099 0.000
0.2 0.369 0.310 0.287 0.265 | 0.250 | 0.208 0.177 0.197
0.4 0.425 0.384 0.370 0.358 | 0.352 | 0.348 0.387 0.402
0.5 0.497 0.511 0.560 0.506 | 0.523 | 0.507 0.494 0.500
0.7 0.579 0.584 0.593 0.608 | 0.622 | 0.673 0.697 0.700
0.9 0.720 0.766 0.792 0.822 | 0.845 | 0.888 0.898 0.899
1.0 1.183 1.116 1.157 1.168 | 1.173 | 1.178 1.181 1.000
1.2 0.980 1.084 1.126 1.158 | 1.175 | 1.194 1.198 1.199
1.4 1.178 1.309 1.349 1.374 | 1.384 | 1.396 1.398 1.399
1.5 1.282 1.519 1.514 1.519 | 1.519 | 1.517 1.517 1.500
1.75 1.553 1.700 1.725 1.737 | 1.742 | 1.747 1.749 1.749
2.0 2.050 2.039 2.038 2.038 | 2.038 | 2.038 2.038 2.008
2.5 2.516 2.518 2.517 2.517 | 2.517 | 2.517 2.517 2.500
3.0 3.012 3.008 3.008 3.008 | 3.008 | 3.008 3.008 3.000
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(Table-3): Estimated diffusion parameters after Rician noise correction using the suggested method

in this paper
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(Figure-4): Bi-exponential diffusion decay for Rician biased data (squares) and corrected data (+). The lines are the theoretical decay
(thin solid line), the fit to the Rician biased data (dashed line) and the fit to the corrected data (dots).
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