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Abstract— Smart healthcare is defined by the technology that leads
to better diagnostic tools, better treatment for patients, and devices
that improve the quality of life for anyone and everyone.

Medical images have significant to facilitate that smart health
environment. However, the medical images frequently get noisy in
the acquisition process, which engages many different physical
mechanisms. Most of the de-noising algorithms conceive the additive
white Gaussian noise (AWGN). However, among the popular
medical image modalities, several are degraded by some type of hon-
Gaussian noise, such as Poisson noise. Poisson noise is mainly
associated with many imaging modalities like single-photon
emission computerized tomography (SPECT), (positron emission
tomography) PET, and fluorescent confocal microscopy imaging.
Because of the signal-dependent nature of Poisson noise, the various
de-noising filters proposed in the literature, including the Non-Local
Mean (NL-Mean) filter. In literature, NL-Mean is mostly applied
for Gaussian noise extraction and very rarely used for Poisson noise
removal. In this work, notable efforts are put to modified NL-Mean
filter, and high order NL-Mean Methods are proposed. These novel
high order algorithms de-noise images by prominent the signals and
noise because it takes the high order odd moment of the medical
image. The visual quality of the de-noised medical image (PET) and
correlation graph determines that the proposed algorithms
outperform the conventional denoising filter. This study's findings
will significantly contribute to the development of a more accurate
and robust image analysis model, which is the need of todays modern
age of digitization.
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I. INTRODUCTION

During the medical image acquisition process, the noise is
contaminated into it and degrade the visual quality. Further, this
noise contamination also affects the image segmentation and
registration processes [1, 2]. The noise may have the Gaussian
distribution model [3] or non-Gaussian distribution model like a
Poisson distribution model [4, 5]. The Poisson noise exhibits
signal dependence [6, 7]; therefore, the de-noising process needs
special efforts for optimizing the image from degraded images.
The various de-noising methods deployed for the suppression of
Gaussian distributed noise. However, measures have been taken
to suppress the Poisson noise; further efficient algorithms need
to be developed to retain the fine details in the de-noised image.
R-L algorithm is an iteration based non-quadratic log-likelihood
function with multiplicative corrections is considered a first de-
noising algorithm presented for Poisson noise removal [8]. The
R-L combined with total variation (TV) for visual quality
enhancement of degraded Confocal. Laser Scanning
Microscopy Images with Poisson Noise [9]. The TV is also used
to reduces the Poisson noise from the tomographic imaging [10,
11]. The wavelet-based methods get attention for de-noising the
Poisson noise-contaminated medical images. These wavelet-
based work with the shrinkage and with the thresholding. The
selection of suitable thresholding and shrinkage plays a crucial
role in the successful de-noising of these images [12, 13]. The
several thresholding approaches developed that work combined
with Discrete wavelet transform for medical image visuality
improvement [14, 15]. Several other hybrid algorithms were
proposed for noise removal from different medical images
modalities [16, 17].

Generally, it is considered that original images are
comprised of low frequencies, whereas the noisy images are
comprised of both high and low frequencies [18]. Therefore, the
noisy image has a non-smooth structure. The conventional
Wiener, Median, and Gaussian filters remove only the high
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frequencies and make the image smooth by leaving behind the
low frequencies. However, some original image structures also
have fine details and information in high frequencies [18], which
also requires several hyperparameter and model architecture
tunning [19]. Therefore, de-noising this type of image with a
conventional de-noising filter leads to the loss of fine details and
blur the resultant image. NL-Mean filter eliminates this loss
factor and prevents the image from getting blurred. Instead of
removing the high frequencies as conventional do, this filter
adopts the neighbouring pixel similarity concept. The
modification is done in the Yaroslavsky filter [20] to get the NL-
Mean filter [21], which averages the local same intensity pixels.
The NL-Mean filter exploits the pixels similarity intensity at the
region level but not at the local level pixel comparison.
Therefore, it effectively de-noise the images and preserves the
fine details. The NLM filter in literature is mostly presented for
Gaussian noise removal from medical images.

Let the image is U, the NLM filtered value at point j
calculated with the weighted average of neighbouring pixels ;
of an image. The NL-Mean is mathematically represented as (1)
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In the given weight calculation formula, the h and d(j,7)
determine the filtering parameter and Gaussian weighted
Euclidean distance [22]. The filter parameter controls
exponential expression decay in the weighting scheme. The
noise is not entirely eliminated with a very small size of filtering
parameter. Contrary to this large filter parameter size smoothen
the image. So, the smoothening degree of the filtered image is
dependent on filtering parameter size. Where the d(i,{)
mathematically represented as (3)
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At the pixel points j and j, the neighbourhood window
indices can be represented by X; and X; respectively. Therefore,

the v(X;) and v(X;) windows centred at points j and j,
respectively. Interestingly, this issue becomes more severe when
dealing in real-time analysis, hence requiring more robust
solutions [23, 24].

Several modifications are done in the original NLM to get
the high performing version out of it. The proposed NL-Means
methods for de-nosing of PET image is presented in section 2.
The simulation results are presented in section 3. The future
research direction discussed in section 4 and section 5 is
comprised of a conclusion.

I1. PROPOSED NLM DE-NOISING ALGORITHM

In this work, the modified high order NL-Means models are
proposed. The steps followed to deploy these proposed
approaches for de-noising medical images are shown in figure
1. Three NL-Mean methods are proposed for medical image de-
noising, which are contaminated with Poisson noise. The actual
NL-Mean is defined by equation (1), where the three proposed
methods can be understood by equations 4,5 and 7. For high
order NL-Means Method I, the Poisson corrupted image’s cubic
is taken in order to make the pixel more intense while keeping
the original sign. After that, NL-Means has implemented to de-
noise this noisy cube image. The mathematical model is
represented in (4).

NL — Means(n3(j)) = Ziexﬁ w3, DN 4)

The NL-Means Method Il is dependent on the result of NL-
Means Method I. The noise variance (62) of the actual noisy
image is estimated first and then subtracted from the de-noised
image of NL-Means Method 1. Later on, the square root of the
resultant image is taken. This further eliminated the remaining
noise. Mathematically it is defined in (5).

NL — Means Method Il = JZjeNi3 w3(, DN3(G) — 62 (5)
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Fig. 1. Steps Followed to Deploy the Proposed High-Order NL-Means Models
for Medical Image De-noising

Where the NL-Means Method |11 first estimate the noise
variance (62) and it subtracted from the noisy cubic image ~3.



On the resultant image, the NL-Means filter applied to get the
de-noised image. NL — Means(R) = NL(Vn? — 62) @)

Resultent Image R = VN3 — 62 (6)

Therefore, mathematically the NL-Means Method Il is
represented as

I1l. RESULTS AND DISCUSSION
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Fig. 2. De-noise Performance Results of Conventional De-noising Filters for PET Image

De-noised with NL-Means Method | De-noised with NL-Means Method II

50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500

De-noised with NL-Means Method Il

50 100 150 200 250 300 350 400 450 500

Fig. 3. De-noising Performance Results of Proposed De-noising Methods for PET Image



Correlation Graph of PET Image
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Fig. 4. Correlation Performance Analysis Graph of Conventional and Proposed NL-Means De-noising Methods for PET Image
Table 1. Correlation - A Performance Analysis of De-noising Filters for PET Image
Correlation of PET
Noisy Image De-noised by | De-noised by | De-noised by | De-noised by | De-noised By
NL-Means NL-Means NL-Means Wiener Filter Median Filter
Method | Method Il Method 111
Correlation 0.59 0.951 0.962 0.961 0.954 0.942
value (dB)

The simulation is carried out on positron emission
tomography (PET) images in order to measure the performance
of de-noising filters. Figure 2 shows the visual output of
conventional filters like Median filter and Wiener filter
deployed to extract the image from the Poisson noise-
contaminated images. Where figure 3 shows the visual
performance results of proposed de-noising methods. The
results of conventional filters are blurry because the image’s fine
details are removed during the de-noising process. Even these
conventional filters do not fully remove the imposed noise from
the PET image. In contrast, the proposed methods perform better
than the conventional ones. Proposed filters completely remove
the noise while retaining the fine details of the PET image. The
de-noising performance of conventional and intended methods
is analyzed with correlation comparison.

Fig. 4 shows the correlation graph of the PET image de-
noised with a different filter. The correlation results indicate a
slightly better performance of the proposed methods. On the
other hand, the correlation of PET image de-noised with
conventional filters is a little less than the proposed ones.

The correlation is found by correlating the original with
noisy and with a de-noised image obtained by de-noising
algorithms. Table 1 is comprised of the correlation values of a
noisy image and de-noised with different filters. The results
define that the proposed methods are outperforming the Median
filter results. However, the de-noised by NL-Means | lack very
slightly in performance when compared with the Wiener filter.
The other proposed methods have comparatively good
performance from both conventional filters.

IV. FUTURE WORK AND RESEARCH DIRECTION

The visual performance of the intended methods is better
than the conventional filter. The correlation performance
measure of Intend methods is better than that of the conventional
ones. Moreover, in current methods, the variance is measured
manually, so future work can be in the direction to develop some
adaptive algorithm for measuring the noise variance of noisy
images, which bring out the practical implementation of this
approach. The Weight calculation in the NL-Means filter plays
a vital role in de-noising corrupted images while holding the fine




details in the retained image. The efficient measure can improve
the performance of the NL-Means filter. Therefore, it open ways
for future work in this direction. The proposed NL-Means
Methods can be tested for other medical image modalities like
X-Rays, SPECT etc.

V. CONCLUSION

Medical images frequently get noisy in the acquisition
process, which engages the physical mechanisms. Among the
popular medical image modalities, several are degraded by some
type of non-Gaussian noise, such as Poisson noise. The various
de-noising filters proposed in the literature, including the NLM
filter for this noise removal. In this work, notable efforts are put
to modified NL-Mean filters, and high order NLM algorithms
are proposed. The visual results of intended filters are far better
than the results of conventional filters. The correlation graph
also determines the effective performance of the proposed
methods.

REFERENCES

[1] Jameel, S. M., Hashmani, M. A., Rehman, M., & Budiman, A. (2020). An
Adaptive Deep Learning Framework for Dynamic Image Classification
in the Internet of Things Environment. Sensors, 20(20), 5811.

[2] P. Chatterjee and P. Milanfar, "Practical bounds on image denoising:
From estimation to information,” IEEE Transactions on Image
Processing, vol. 20, no. 5, pp. 1221-1233, 2010.

[3] M. Kazemiand M. B. Menhaj, "A non-local means approach for Gaussian
noise removal from images using a modified weighting kernel," arXiv
preprint arXiv:1612.01006, 2016.

[4] T. Ozaki and M. lino, "An innovation approach to non-Gaussian time
series analysis," Journal of Applied Probability, vol. 38, no. A, pp. 78-92,
2001.

[5] Jameel, S. M., Hashmani, M. A., Rehman, M., & Budiman, A. (2020).
Adaptive CNN Ensemble for Complex Multispectral Image Analysis.
Complexity, 2020..

[6] S.Lee, M. S. Lee, and M. G. Kang, "Poisson—Gaussian Noise Analysis
and Estimation for Low-Dose X-ray Images in the NSCT Domain,"
Sensors, vol. 18, no. 4, p. 1019, 2018.

[7]1 S. W. Hasinoff, "Photon, Poisson Noise," ed, 2014.

[8] R. Vio, J. Bardsley, and W. Wamsteker, "Least-squares methods with
Poissonian noise: Analysis and comparison with the Richardson-Lucy
algorithm," Astronomy & Astrophysics, vol. 436, no. 2, pp. 741-755,
2005.

[91 N. Dey, L. Blanc-Féraud, C. Zimmer, Z. Kam, J.-C. Olivo-Marin, and J.
Zerubia, "A deconvolution method for confocal microscopy with total
variation regularization," in 2004 2nd IEEE International Symposium on
Biomedical Imaging: Nano to Macro (IEEE Cat No. 04EX821), 2004:
IEEE, pp. 1223-1226.

[10] X.-Q. Zhang and J. Froment, "Total variation-based Fourier
reconstruction and regularization for computer tomography,” in IEEE
Nuclear Science Symposium Conference Record, 2005, 2005, vol. 4:
IEEE, pp. 2332-2336.

[11] J. M. Bardsley and A. Luttman, "Total variation-penalized Poisson
likelihood estimation for ill-posed problems,” Advances in
Computational Mathematics, vol. 31, no. 1-3, p. 35, 2009.

[12] D. L. Donoho and J. M. Johnstone, "Ideal spatial adaptation by wavelet
shrinkage," biometrika, vol. 81, no. 3, pp. 425-455, 1994.

[13] D. L. Donoho, "De-noising by soft-thresholding,” IEEE transactions on
information theory, vol. 41, no. 3, pp. 613-627, 1995.

[14] S. Khursheed, A. A. Khalig, S. A. Malik, J. A. Shah, and S. Khan,
"Poisson noise removal using wavelet transform," Sci Int (Lahore), vol.
27, pp. 287-92, 2014.

[15] S. Sahu, H. V. Singh, A. K. Singh, and B. Kumar, "MR Image Denoising
Using Adaptive Wavelet Soft Thresholding," in Advances in VLSI,
Communication, and Signal Processing: Springer, 2020, pp. 775-785.

[16] M. Suneetha and M. Subbarao, "An Improved Denoising of Medical
Images Based on Hybrid Filter Approach and Assess Quality Metrics," in
Journal of Biomimetics, Biomaterials and Biomedical Engineering, 2020,
vol. 44: Trans Tech Publ, pp. 27-36.

[17] S. Khursheed, A. A. Khalig, J. A. Shah, S. Abdullah, and S. Khan, "A
Hybrid Logarithmic Gradient Algorithm for Poisson Noise Removal in
Medical Images," Advanced Studies in Biology, vol. 6, no. 4, pp. 181-
192, 2014.

[18] H.Jahn, "Yaroslavsky, LP, Digital Picture Processing. An Introduction.
Berlin-Heidelberg-New York, Springer-Verlag 1985. XII, 276 S., 87
Abb., DM 112,-. ISBN 3-540-11934-5 (Springer Series in Information
Sciences 9)," Zeitschrift Angewandte Mathematik und Mechanik, vol. 67,
pp. 196-196, 1987.

[19] Jameel, S. M., Hashmani, M. A., Alhussain, H., Rehman, M., &
Budiman, A. (2019, September). An Optimized Deep Convolutional
Neural Network Architecture for Concept Drifted Image Classification.
In Proceedings of SAI Intelligent Systems Conference (pp. 932-942).
Springer, Cham..

[20] L. P. Yaroslavsky, "Digital picture processing: an introduction," 1985.

[21] P. Coupé, P. Hellier, C. Kervrann, and C. Barillot, "Nonlocal means-
based speckle filtering for ultrasound images," IEEE transactions on
image processing, vol. 18, no. 10, pp. 2221-2229, 2009.

[22] R.H. Chan, C.-W. Ho, and M. Nikolova, "Salt-and-pepper noise removal
by median-type noise detectors and detail-preserving regularization,"
IEEE Transactions on image processing, vol. 14, no. 10, pp. 1479-1485,
2005.

[23] Jameel, S. M., Hashmani, M. A., Alhussain, H., & Budiman, A. (2018,
June). A fully adaptive image classification approach for industrial
revolution 4.0. In International Conference of Reliable Information and
Communication Technology (pp. 311-321). Springer, Cham.

[24] Uddin, V., Rizvi, S. S. H., Hashmani, M. A., Jameel, S. M., & Ansari, T.
(2019, September). A Study of Deterioration in Classification Models in
Real-Time Big Data Environment. In International Conference of
Reliable Information and Communication Technology (pp. 79-87).
Springer, Cham.



