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Abstract. MRI examination is one of the medical supports to assess the structure
and anatomy of vertebrae thoracal. The modality that can be used is low field MRI.
The disadvantages are produces low signals and noise. If the signal is low and the
noise is high then the SNR value is low. The denoising technique is the right solu-
tion to remove noise. The BM3D denoising technique is able to reduce noise and
increase the SNR. Aim to analyzing differences in image quality on Thoracal MRI
images; study on low field MRI before and after the application of BM3D denois-
ing techniques. This method is a quasi experimental research on Thoracal MRI
images before and after the application of BM3D denoising techniques, totaling
15 samples. BM3D denoising was performed as well as assessment of Thora-
cal MRI images, including SNR and CNR. The Results is there are differences
in SNR and CNR on Thoracal MRI images; study in low field MRI before and
after the application of the BM3D denoising technique with p-value <0,001 and
<0,001. The Conclusion is the BM3D denoising technique is able to improving
image quality on thoracic MRI images; studies on low-field MRI.
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1 Introduction

MRI is used for scanning clinical with magnetic field strength of 1.5-7 T. Nevertheless,
MRI 0.2—-1 T low field MRI are still used [1-3]. Low field MRI, has advantages mainte-
nance costs low, repair devices cheaper, design buildings needed smaller such as storage
space cooling system, reduce acoustic noise on neonatal and SAR value is low [1].

Low Field MRI, will have a low signal [4, 5] The big or small signal will affect the
value of SNR result. Other than signal, SNR influenced by noise. If noise is high, will
cause visual quality image disturbed [6]. Factors that affect SNR there are flip angle,
slice thickness, TR, TE, matrix, FOV, NSA, coil used, bandwidth, and magnetic field
strength [7]. Image quality on MRI influenced by SNR, CNR, Time Scanning and Spatial
Resolution [8].

Noise can appear on all medical images, including on MRI [9, 10]. Noise can also
appear on all types of examinations and pathologies. Noise there is one important factor
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that can lower quality medical image [11]. Denoising techniques are used to improve the
quality of the image [12]. Furthermore, to remove noise from the image without remove
important information on original image [12, 13].

Denoising technique assisted by Matlab (Matrix Laboratory). Matlab is a program-
ming language that serves to solve problems the mathematically technical. Denoising
techniques that has been done on MRI image using linear and nonlinear filter. Lin-
ear filter include mean and wiener filter. While non linear filter include filters median,
bilateral, non local mean, and block matching & 3D [14]. Linier filter causes blurry
images by pressing details, blurring the edges, removing lines and details. Therefore it
is recommended to using non linear filters in image denoising [12].

According to Mehta [15] median filters have the disadvantage of eliminating detail
and causing blurring of the image. Then according to More [16] bilateral filters have
the disadvantage of eliminating detailed information on imagery. According to Hasan,
Chaudari, and More et al. [17-19] denoising techniques BM3D succeeded in denoising
image and able to improve SNR image. BM3D technique is a denoising technique sophis-
ticated image [18, 20-23]. BM3D techniques apply 3-dimensional transformations [18,
20]. Furthermore, BM3D technique is able to admit denoising on type Poison noise,
Gaussian noise, AWGN (Additive White Gaussian Noise) and Rician Noise [24-26].

Several studies have been conducted on the denoising technique BM3D, but the
study used noise added not from the original noise of an MR image. Based on these
reasons, in this research the application of the BM3D denoising technique on Thoracal
MRI images using low field MRI.

Purpose to analyzing differences in image quality (SNR and CNR) on Thoracal MRI
images; study on low field MRI before and after the application of BM3D denoising
techniques.

Hypothesis there is a difference in the SNR value of the MRI Thoracal image in the
low field MRI study before and after the application of the BM3D denoising technique.
And there is a difference in the CNR value of the MRI Thoracal image in the low field
MRI study before and after the application of the BM3D denoising technique.

In producing the desired Thoracal MRI image in the hospital, there are obstacles to
be faced, namely the MRI machine used with a low magnetic field strength of 0.3 T and
the resulting image contains noise. If the resulting image contains noise and the SNR
value is low, then the resulting image quality is low so that doctors will have difficulty
diagnosing a disease. Therefore, to overcome this problem, a denoising technique is used
during image post-processing. This can help in increasing the SNR value and eliminating
noise while retaining important detail and information in Thoracal MRI images without
replacing the hardware on the MRI.

Several studies have been carried out on the BM3D denoising technique, but these
studies use the added noise instead of the original noise resulting from an imaging
scan. Based on that reason, in this study, the BM3D denoising technique was applied
to Thoracal MRI images using a low field MRI machine. This research is expected to
produce a more optimal image in minimizing the impact of noise from the use of low
field MRI in Thoracal MRI examination.
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2 Methods

This type of research is quasi experiments that use the pretest-postest two group design
research design. The study was conducted on thoracal MRI image; studies on low field
MRI, application of BM3D denoising technique. The samples used 15 MRI thoracal
images of axial T1 FSE sequencing, with flip angle parameter 90°, slice thickness 5 mm,
TR 580, TE 12, Matrix 512, FOV 220 mm, NSA 6, 35 kHz bandwidth and ETL 2.
The type of sampling method is consecutive sampling. Analysis of image quality using
paired t-test.

3 Results

Here is a sample image of MRI Thoracal study on low field MRI axial before and after
the application of BM3D denoising techniques:
Description:

A. Thoracal MRI Image Before Denoising
B. MRI Thoracal Image with BM3D Technique

Average Signal fo Noise Ratio (SNR) value in Thoracal MRI image; studies on low
field MRI before and after the application of BM3D denoising techniques as shown in
Table 1.

The average result of SNR values on Thoracal MRI image and average SNR values
on each anatomy of Thoracal MRI image; studies on low field MRI after the application
of BM3D denoising techniques according to Table 1 have the highest average value
compared to before the application of denoising. This suggests that BM3D denoising
techniques can improve SNR values better compared to before denoising techniques. If
the SNR value increases, it can result in better MRI image quality. Analysis of different
signal to noise ratio (SNR) values of the overall anatomy of Thoracal MRI image;
studies on low field MRI before and after the application of BM3D and NLM denoising
techniques were conducted using Anova tests due to normal distributed data. From the
results in Table 1 shows that there is a difference in SNR value in MRI thoracal image

Table 1. Frequencies and Percentage of SNR Value for the Experiment Group.

Characteristic Before Denoising BM3D Technique P value
(n=15) (m=15)
N N
Corpus M=12.11 M = 4421 <0.001
Spinal Cord M=1135 M =40.18 <0.001
Proc. Spinosus M =15.48 M =54.32 <0.001
Proc. Transversus M = 15.80 M =55.09 <0.001
Total SNR (MRI M =5471 M = 193.80 <0.001
Thoracal)




Analysis of BM3D Denoising Techniques 15

Fig. 1. MRI thoracal image before and after BM3D denoising

Table 2. Frequencies and Percentage of CNR Value for the Experiment Group

Characteristic Before Denoising (n = 15) | BM3D Technique (n = 15) | P value
N N

Corpus-Spinal Cord |M = 1.62 M =6.83 0.006

Proc. Spinosus- M =390 M=14.14 <0.001

Spinal Cord

Proc. Transversus- M =3.37 M =12.33 <0.001

Spinal Cord

Proc. Spinosus- M=3.17 M=1727 0.009

Proc. Transversus.

Total CNR (MRI M =12.04 M =40.5 <0.001

Thoracal)
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study on low field MRI between before and after the application of BM3D denoising
technique.

Average Contrast to Noise Ratio (CNR) value in Thoracal MRI image; studies on
low field MRI before and after the application of BM3D denoising techniques as shown
in Table 2.

The average CNR value in thoracal MRI image and the average CNR value of
each anatomy of Thoracal MRI image; The low field MRI study after the application of
BM3D denoising technique according to Table 2 had the highest average value compared
to before denoising. This suggests that BM3D denoising techniques can improve CNR
values better compared to NLM denoising techniques. If the CNR value increases, it can
result in better MRI image quality. From the results in Table 2, showed that there is a
difference in the overall CNR value of anatomy in the MRI image of thoracal study on
low field MRI between before and after the application of BM3D denoising technique

(Fig. 1).

4 Discussion

Judging from the SNR value generated on thoracal MRI image after the application of
BM3D denoising techniques has increased. The increase in SNR value occurs because
improvements have been made by eliminating noise. If the noise value decreases then
the divisor factor of SNR will be small so that the SNR value will increase [27]. BM3D
denoising technique performs image transformation in 3D. At that stage is the main step
that is done is denoising technique on image. In BM3D denoising techniques, images
are transformed in 2D first, ie. grouping the same patches and increasing the sparsity of
data in the transformation domain. This is done so that the difference between the signal
coefficient and noise will be more visible, making it easier in the process of identifying
data that has noise [28]. Therefore, BM3D denoising techniques have better capabilities
in denoising noise in thoracal MRI image; studies on low field MRI.

Judging from the SNR value generated on thoracal MRI image after the application
of BM3D denoising techniques has increased. The increase in SNR value occurs because
improvements have been made by eliminating noise. If the noise value decreases then
the divisor factor of SNR will be small so that the SNR value will increase [27]. It can
be said that BM3D denoising technique has better to improvement SNR value [18, 19,
21-25, 29].

BM3D denoising technique performs image transformation in 3D. At that stage is the
main step that is done is denoising technique on image. In BM3D denoising techniques,
images are transformed in 2D first, ie. grouping the same patches and increasing the
sparsity of data in the transformation domain. This is done so that the difference between
the signal coefficient and noise will be more visible, making it easier in the process of
identifying data that has noise [28]. Therefore, BM3D denoising techniques have better
capabilities in denoising noise in thoracal MRI image; studies on low field MRI.
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Conclusion

Based on the results and discussions in this study, it can be concluded that there are
differences in SNR and CNR on Thoracal MRI Image before and after the application
of BM3D denoising technique. BM3D denoising technique able to improving image
quality on thoracal MRI Image; study on low field MRI.

Acknowledgment. Thank you for all who helped in the implementation of this research.

References

11.

12.

14.

15.

16.

17.

. Marques JP, Simonis FFJ, Webb AG. Low-Field MRI: An MR Physics Perspective. J] Magn

Reson Imaging. 2019;

Sonika, Aggarwal S, Kumar P. Analysis of Various Issues in Non-Local Means Image
Denoising Algorithm. Int J Adv Res Comput Commun Eng. 2016; 5(5).

Herreros Q. Very low field magnetic resonance imaging. tel-010640. HAL, editor. HAL
Archive-Ouvertes. Universite Rene Descartes. English; 2013.

Feuillet T, Seurin M, Leveneur O, Viguier E, Beuf O. Coil optimization for low-field MRI :
a dedicated process for small animal preclinical studies. 2015;

. Kriegl R, Ginefri J, Poirier-quinot M, Darrasse L, Goluch S, Kuehne A, et al. Novel Inductive

Decoupling Technique for Flexible Transceiver Arrays of Monolithic Transmission Line
Resonators. Magn Reson Med. 2014; 00.

Priyadharsini BA. A Novel Noise Filtering Technique for Denoising MRI Images. Proceeding
Int Conf Glob Innov Comput Technol. 2014; 2(1).

Prabawati NC, Masrochah S, Mulyati S. Analisis TSE Factor Terhadap Signal to Noise Ratio
dan Contrast to Noise Ratio Pada Pembobotan T2 Turbo Spin Echo Potongan Axial MRI
Brain. JImeD. 2019; 3(2).

Aggarwal S. Analysis of Various Issues in Non-Local Means Image Denoising Algorithm.
2016; 5(5).

Boyat AK, Joshi BK. A Review Paper: Noise Models in Digital Image Processing. Signal
Image Process An Int J. 2015; 6(2):63-75.

. Vaishali S, Kalitkar KR, Subba Rao G V. A Review on Noise Reduction Methods for Brain

MRI Images. Res Gate SPACES. 2015; (March).

Sheela VK, Babu SS. Performance Analysis of Noise Reduction Technologies in Brain MRI
Image. Comput Technol Appl. 2016; 7(1):69-74.

Kanwal L. Denoising of 3D magnetic resonance images using non-local PCA and Transform-
Domain Filter. 2017; 1(1).

. Suryaprasath VB, Kalavathi P. Adaptive Nonlocal Filtering for Brain MRI Restoration.

Springer Int Publ Switz. 2016; 571 80.

Bhoi N. Development of Some Novel Spatial-Domain and Transform- Domain Digital Image
Filters. National Institute of Technology, Rourkela, India; 2009.

Mehta R, Aggarwal NK. Comparative Analysis of Median Filter and Adaptive Filter for
Impulse Noise - A Review. Int J Comput Applications. 2014;I(Recent Advances in Wireless
Communication and Artificial Intelligence): 29-34.

More S, Hanchate V V. A Survey on Magnetic Resonance Image Denoising Methods. Int Res
J Eng Technol. 2016; 3(5).

Hasan M, El-sakka MR. Improved BM3D image denoising using SSIM-optimized Wiener
filter. 2018;



18

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

F. M. Astari et al.

Chaudhari A. Denoising for Magnetic Resonance Imaging.

Manjon JV, Bonmati LM, Coupe P, Collins L. Adaptive Non-Local Means Denoising of MR
Images with Spatially Varying Noise Levels. Res ] Magn Reson Imaging. 2020; 1.

Hasan M, El-sakka MR. Improved BM3D image denoising using SSIM-optimized Wiener
filter. Eurasip J Image Video Process. 2018; 25.

Hou Y, Shen D. Image Denoising With Morphology and Size Adaptive Block Matching
Transform Domain Filtering. Eurasip J Image Video Process. 2018;

Hou Y, Shen D, Hill C, Engineering C, Korea S. HHS Public Access. Eurasip J Image Video
Process. 2019;

Alkinani MH, El-sakka MR. A Modified Block Matching 3D Algorithm for Additive Noise
Reduction. Math Appl. 2016; 5:93-103.

Hasan MM. Scholarship @ Western Adaptive Edge-guided Block-matching and 3D filtering
(BM3D ) Image Denoising Algorithm. 2014;

Pegah Elahi II, Processing. BM3D Denoising Equipped With Noise Invalidation Technique.
2014; 6662-6.

Dabov K, Foi A, Katkovnik V, Egiazarian K. Image denoising with block-matching and
3D filtering. In: Proceedings of SPIE The INternational Society for Optical Engineering.
SPIE-IS&T Electronic Imaging; 2006.

Khan SU, Ullah N, Ahmed I, Ahmad I, Chai WY. Comparison of MRI with Other Modalities,
Noise in MRI Images and Machine Learning techniques for Noise Removal. Res Gate. 2018;
Sharifymoghaddam M. Image Denoising in Spatial and Transform Domains. Sharif Univer-
sity; 2015.

Saladi S, Prabha NA. Analysis of Denoising Filters on MRI Brain Images. Wiley Online Libr.
2017; 27(3):201-8.

Sharifymoghaddam M. Image Denoising in Spatial and Transform Domains by. Sharif
University of Technology; 2015.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative

Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Analysis of BM3D Denoising Techniques to Improvement of Thoracal MRI Image: Study on Low Field MRI
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusion
	References




