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Appendix: Rough Sets for Bias Field Correction in
MR Images Using Contraharmonic Mean and
Quantitative Index

Abhirup Banerjee and Pradipta Maji

Abstract—One of the challenging tasks for magnetic resonance
(MR) image analysis is to remove the intensity inhomogeneity
artifact present in MR images, which often degrades the perfor-
mance of an automatic image analysis technique. In this regard,
the paper presents a novel approach for bias field correction
in MR images. It judiciously integrates the merits of rough
sets and contraharmonic mean. While the contraharmonic mean
is used in low-pass averaging filter to estimate the bias field
in multiplicative model, the concept of lower approximation
and boundary region of rough sets deals with vagueness and
incompleteness in filter structure definition. A theoretical analysis
is also presented to justify the use of both rough sets and
contraharmonic mean for bias field estimation. The integration
enables the algorithm to estimate optimum or near optimum bias
field. Some new quantitative indices are introduced to measure
intensity inhomogeneity artifact present in a MR image. The
performance of the proposed approach, along with a comparison
with other intensity inhomogeneity correction algorithms, is
demonstrated on a set of simulated MR images for different
bias fields and noise levels and a set of real brain MR images.

I. QUALITATIVE AND QUANTITATIVE EVALUATION

Simulated images with different bias fields (20% and 40%)
and noise levels (0%, 1%, 3%, 5%, 7% and 9%) have been
generated from “BrainWeb: Simulated Brain Database” and
different bias field correction algorithms are applied on them.
The results are reported in Fig. 1-12. The proposed algorithm
RC2 [1] (rough set (RS) + contraharmonic mean (CHM) filter
of order 2) has been compared with the Homomorphic Un-
sharp Masking (HUM) filtering method [2], [3], nonparamet-
ric nonuniform intensity normalization (N3) bias correction
method [4] and statistical parameter mapping (SPMS) software
tool [5]. The effectiveness of contraharmonic mean (CHM) of
order 2 over other measures of central tendency (e.g. arithmetic
mean and harmonic mean) is also established. The importance
of using rough sets is also shown in the results. Fig. 1- 6 shows
the results of the images with bias field 20% and different
noise levels. Input images with bias field 40% and different
noise levels and reconstructed images using different bias field
correction algorithms are shown in Fig. 7-12. The root-mean
square error (RMSE) values for each of the reconstructed
images are also given.

Real T1-weighted brain MR images are downloaded from
“IBSR: Internet Brain Segmentation Repository” and different
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bias field correction algorithms are applied on them (RC2,
RS + AM, RS + HM, NRS + CHM, HUM, N3 and SPMB8).
The input images along with their reconstructed images using
different bias field correction algorithms are shown in Fig. 13-
22.

The comparative performance of the proposed algorithm
with HUM, N3 and SPMS8 over “BrainWeb” database using
different quantitative indices (IoV, IoJV, IoCS and RMSE) is
shown in Fig. 23 using bar diagrams. Comparison over “IBSR”
database is shown in Fig. 24 using IoCS and IoJV indices.

The robustness of the proposed algorithm over different bias
field correction algorithms is checked on the unbiased images
generated from “BrainWeb: Simulated Brain Database” with
different noise levels (0%, 1%, 3%, 5%, 7% and 9%). The
performance is analysed using different quantitative indices in
Fig. 25 and the results are shown in Fig. 26-31.
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(e) NRS + CHM : RMSE = 5.828 (f) HUM : RMSE = 7.638 (g) N3 : RMSE = 9.025 (h) SPM8 : RMSE = 2.880

Fig. 1. Image of BrainWeb with 20% bias field and 0% noise and images restored by different algorithms

(e) NRS + CHM : RMSE = 5477 (f) HUM : RMSE = 7.151 (g) N3 : RMSE = 8.621 (h) SPM8 : RMSE = 4.682

Fig. 2. Image of BrainWeb with 20% bias field and 1% noise and images restored by different algorithms
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(e) NRS + CHM : RMSE = 6.625 (f) HUM : RMSE = 7.672 (g) N3 : RMSE = 6.474 (h) SPM8 : RMSE = 6.531

Fig. 3. Image of BrainWeb with 20% bias field and 3% noise and images restored by different algorithms

(e) NRS + CHM : RMSE = 9.219 (f) HUM : RMSE = 9.882 (g) N3 : RMSE = 8.745 (h) SPM8 : RMSE = 14.841

Fig. 4. Image of BrainWeb with 20% bias field and 5% noise and images restored by different algorithms
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(d) RS + HM : RMSE = 41.029

(e) NRS + CHM : RMSE = 11.590 (f) HUM : RMSE = 11.856 (g) N3 : RMSE = 12.411 (h) SPM8 : RMSE = 12.412

Fig. 5. Image of BrainWeb with 20% bias field and 7% noise and images restored by different algorithms

(e) NRS + CHM : RMSE = 14.262 (f) HUM : RMSE = 14.670 (g) N3 : RMSE = 14.580 (h) SPM8 : RMSE = 15.441

Fig. 6. Image of BrainWeb with 20% bias field and 9% noise and images restored by different algorithms
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(e) NRS + CHM : RMSE = 10.885 (f) HUM : RMSE = 12.474 (g) N3 : RMSE = 8.305 (h) SPM8 : RMSE = 3.737

Fig. 7. Image of BrainWeb with 40% bias field and 0% noise and images restored by different algorithms

(e) NRS + CHM : RMSE = 10.435 (f) HUM : RMSE = 11.966 (g) N3 : RMSE = 7.624 (h) SPM8 : RMSE = 6.520

Fig. 8. Image of BrainWeb with 40% bias field and 1% noise and images restored by different algorithms
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(e) NRS + CHM : RMSE = 14.604 (f) HUM : RMSE = 15.183 (g) N3 : RMSE = 14.056 (h) SPM8 : RMSE = 13.960

Fig. 9. Image of BrainWeb with 40% bias field and 3% noise and images restored by different algorithms

(d) RS + HM : RMSE = 46.814

(e) NRS + CHM : RMSE = 15.561 (f) HUM : RMSE = 16.057 (g) N3 : RMSE = 16.312 (h) SPM8 : RMSE = 14.646

Fig. 10. Image of BrainWeb with 40% bias field and 5% noise and images restored by different algorithms
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(e) NRS + CHM: RMSE = 12.886 (f) HUM : RMSE = 13.672 (g) N3 : RMSE = 18.978 (h) SPM8 : RMSE = 12.096

Fig. 11. Image of BrainWeb with 40% bias field and 7% noise and images restored by different algorithms

RMSE = 20.172

(e) NRS + CHM : RMSE = 14.674 (f) HUM : RMSE = 15.450 (g) N3 : RMSE = 16.794 (h) SPM8 : RMSE = 14.818

Fig. 12. Image of BrainWeb with 40% bias field and 9% noise and images restored by different algorithms
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(a) Input (b) RC2 (c) RS + AM (d) RS + HM

(e) NRS + CHM () HUM (g) N3 (h) SPM8

Fig. 13. Real image of IBSR 01 and images restored by different algorithms

(a) Input (b) RC2 (¢) RS + AM (d) RS + HM

(e) NRS + CHM (f) HUM (g) N3 (h) SPM8

Fig. 14. Real image of IBSR 02 and images restored by different algorithms

(a) Input (b) RC2 (¢) RS + AM (d) RS + HM

(e) NRS + CHM () HUM (g) N3 (h) SPM8

Fig. 15. Real image of IBSR 05 and images restored by different algorithms
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(a) Input (b) RC2 (c) RS + AM (d) RS + HM

(¢) NRS + CHM (f) HUM

(h) SPM8

Fig. 16. Real image of IBSR 08 and images restored by different algorithms

(a) Input (b) RC2 (¢) RS + AM (d) RS + HM

(e) NRS + CHM (f) HUM (g) N3 (h) SPM8

Fig. 17. Real image of IBSR 09 and images restored by different algorithms

(a) Input (¢) RS + AM (d) RS + HM
p

(¢) NRS + CHM (f) HUM

(h) SPM8

Fig. 18. Real image of IBSR 11 and images restored by different algorithms
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(a) Input (b) RC2 (c) RS + AM (d) RS + HM

(h) SPM8

(e) NRS + CHM (f) HUM

Fig. 19. Real image of IBSR 12 and images restored by different algorithms

(a) Input (b) RC2 (¢) RS + AM (d) RS + HM
(e) NRS + CHM (f) HUM (g) N3 (h) SPM8

Fig. 20. Real image of IBSR 13 and images restored by different algorithms

(a) Input (b) RC2 (¢) RS + AM (d) RS + HM
(e) NRS + CHM () HUM (g) N3 (h) SPM8

Fig. 21. Real image of IBSR 14 and images restored by different algorithms
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(b) RC2 (¢) RS + AM (d) RS + HM

(a) Input

(f) HUM (g) N3 (h) SPM8

(e) NRS + CHM

algorithms

ages restored by different

Real image of IBSR 17 and im:

Fig. 22.
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Comparative performance of the proposed method, HUM algorithm of Brinkmann et al., N3 bias correction algorithm and SPMS software tool for

Fig. 23.

bias affected images from BrainWeb database
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Fig. 24. Comparative performance of the proposed method, HUM algorithm of Brinkmann et al., N3 bias correction algorithm and SPMS software tool for
bias affected images from IBSR database
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Fig. 25. Comparative performance of the proposed method, HUM algorithm of Brinkmann et al., N3 bias correction algorithm and SPMS software tool for
unbiased images from BrainWeb database
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(e) NRS + CHM : RMSE = 1.292 (f) HUM : RMSE = 3.738 (g) N3 : RMSE = 8.237 (h) SPM8 : RMSE = 3.232

Fig. 26. Image of BrainWeb with 0% bias field and 0% noise and images restored by different algorithms

(e) NRS + CHM : RMSE = 1.333 (f) HUM : RMSE = 3.676 (g) N3 : RMSE = 7.436 (h) SPM8 : RMSE = 6.356

Fig. 27. Image of BrainWeb with 0% bias field and 1% noise and images restored by different algorithms
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(e) NRS + CHM : RMSE = 1.313 (f) HUM : RMSE = 3.477 (g) N3 : RMSE = 3.483 (h) SPM8 : RMSE = 6.179

Fig. 28. Image of BrainWeb with 0% bias field and 3% noise and images restored by different algorithms

(e) NRS + CHM : RMSE = 1.348 (f) HUM : RMSE = 3.420 (g) N3 : RMSE = 4.588 (h) SPM8 : RMSE = 15.558

Fig. 29. Image of BrainWeb with 0% bias field and 5% noise and images restored by different algorithms
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(¢c) RS + AM : RMSE = 14398  (d) RS + HM : RMSE = 45.581

(e) NRS + CHM : RMSE = 16.252 (f) HUM : RMSE = 4.247 (g) N3 : RMSE = 16.800 (h) SPM8 : RMSE = 17.001

Fig. 30. Image of BrainWeb with 0% bias field and 7% noise and images restored by different algorithms

(e) NRS + CHM : RMSE = 1.485 (f) HUM : RMSE = 5.223 (g) N3 : RMSE = 4.869 (h) SPM8 : RMSE = 7.438

Fig. 31. Image of BrainWeb with 0% bias field and 9% noise and images restored by different algorithms




