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Abstract: This paper presents the collection of 385 new images and results, obtained after
performing many known image processing algorithms and digital image transformations
techniques like adding noises namely Gaussian with variances, Poisson and speckle with variances;
double precision, methods of Sobel, Prewitt and Robert; dehazing algorithm, pixel intensities, vector
quantization, k-means clustering, fuzzy logic and morphological segmentation. Images used in this
paper are five X-Rays at day 0, day3, day 4 and day 6, which are Posterior to Anterior (PA) views of
the patient’s lungs who was diagnosed with covid-19 Pneumonia. All results are included in the
paper as well as separate images have also been uploaded on the open-access page. The data has
been analyzed with histogram and mathematical polynomial fitting equations and matrices have
been also submitted which can used in the digital testing of machines or computer diagnostic
solutions. As these results reveal certain patterns, these further processed X-Ray results can help
researchers or doctors in understanding ailment or diagnosing and to pharmacologists in making
medicine or machine/therapy.

Keywords: image processing, pneumonia, X-Ray, Laplacian operator, Sobel-Feldman operator,
mathematical morphology,Gaussian,white noise,variances,Poisson,speckle,single preci-
sion,double precision,Sobel, Prewitt, Robert,dehazing algorithm, pixel intensities,vector
quantization, k-means clustering,fuzzy logic,edge detection, fuzzy inference system,
FIS,Gaussian smoothing, intermediate difference,central difference,polynomial regres-
sion,convolution,morphological segmentation, COVID, windpipe,covid-19 ,respiratory

tract

1. Introduction
It is known that images can be processed through computer using algorithms. There
are many open-source and proprietary tools and softwares like in Python[1], OpenCV][3],
FuzzyLite[4], PyTorch[10], TensorFlow[11] etc. The techniques like Laplacian Operator[5],
Sobel-Feldman operator[6], Mathematical morphology[7], Fuzzy Logic[8],double preci-
sion, methods of Sobel,Prewitt and Robert gradients,Gaussian,Canny, dehazing algo-
rithm, pixel intensities,vector quantization, k-means clustering, fuzzy logic and mor-

phological segmentation. are known and widely implemented in digital camera images,
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Face detection, Edge Detection, traffic vehicles, etc.

The author has used all these various digital image transformations techniques on the

X-rays or Datasets from[1]. The use of these image processing algorithms is in research

by many researchers/post-doctorate fellows/clinical doctors, even the source[1] has

python script and other scripts on tensorflow, openCV or proprietary software scripts

can be located on internet. The techniques used in this paper are mentioned along side

with the processed-image. Algorithms have not been explained as they are known and it
would be a plagiarism.}

The paper is organized as : In the Section II, five original-rays are included.

The subsequent five sections are related to the results of processed images of

DayO(L), DayO(PA),Day3(PA), Day4(PA) and Day6(PA).

The DayO(L) results are from page 4-28.

The Day0(PA) results are from page 29-52.

The Day3(PA) results are from page 53-75.

The Day4(PA) results are from page 75-98.

The Day6(PA) results are from page 99 - 121.

The conclusion is given on page 121.

The subsections are organized as :

1) Firstly X-Ray of the section is converted to single precision grayscale and double

precision in Subsection 1 titled as “X-Ray Converted’

2) In Subsection 2- “Double Precision Noise Addition’, noises namely Gaussian, Poisson

and speckle noises are added to the converted double-precision X-Ray.
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3) In Subsection 3-‘Gradient Magnitude and Direction’ of single precision X-Ray are

plotted using four methods.

1 Many will say just known code and image processing, elementary, which is true as the author has modified known scripts and
image results obtained. On the other side, many paid freshers or paid employees! will want to know code. Modified code is not shareable
but the author can render services at some monetary price. Overload computations have caused many times computer crashes with complete

corruption of files.

4) In Subsection 4-'Directional Gradients’ of single precision X-Ray are plotted using

four methods.

5) In Subsection 5- ‘Gaussian Noises & Sobel Gradient’, Gaussain noise with variances

are added to single precision grayscale X-Ray.

6) In Subsection 6- ‘Poisson Noise & Sobel Gradient’, noise is added to single precision

grayscale X-Ray.

7) In Subsection 7- ‘Speckle Noise & Sobel Gradient’, Speckle noise with variances are

added to single precision grayscale X-Ray.

8) In Subsection 8- ‘Pixel Intensities & Contrast’, original X-Ray is contrasted and

mathematical formulation of the pixels are given.

9) In Subsection 9- ‘Fuzzy Logic’ is used and edge detection using FIS and edge

algorithm given.

10) In Subsection 10- ‘K-means Clustering’, a vector quantization technique is used to

obtain clusters and the mathematical formulation is again given.

11) Subsection 11- ‘Morphological Segmentation’ results are given.

12) Subsection 12- ‘Dehazing Algorithm’ is used and its results are given.

2. Original X-Rays

The five X-Rays are taken from [1] are shown in Fig. 1, which are evolution of covid-
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110 19-pneumonia over a week from Day 0 to Day 6. On these X-rays, the above mentioned
111 popular elementary and advanced algorithms will be implemented.

112
113
114

115
116

117

118

.

119

{a) Day 0, Lateral {b) Day 0, Posterior to Anterior

120

121

122

123

124

125 ‘(c) Day 3, Posterior to Anterior id) Day 4, Posterior to Anterior
126
127
128

129

130 {e) Day &, Posterior to Anterior
Fig. 1: Original X-Rays from [1]

131

132

133

134 3. Results : Day 0,Lateral

135
136  3.1. X-Ray Converted

137 In this subsection, X-Ray(L) of Day 0 is converted to single precision gray-scale and

138 double precision, on which all further image processing s will be done. These are shown
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139 in Fig. 2.

140

Converted Single Precision Gray Scale Converted Double Precision

i-r)

Image Processing counesy of Abhishek Bansal ORCiD0000-0002-2572- Image Processing courtesy of Abhishek Bansal ORCID0000-0002-2572-9004

(a) Single Precision (b) Double Precision

Fig. 2: Converted to Single Precision & Double Precision
141

142
143
144

145  3.2. Double Precision Noise Addition

146 In this subsection, the double precision X-Ray of Day 0 (Fig 2(b)) of the previous
147 subsection is subjected to noises namely Gaussian with variance 0.01, Poisson Noise
148 and speckle noise with variance 0.05. These are shown in Fig. 3.

149
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150

DP with Gaussian Noise ' DP with Poisson Noise

(a) Gaussian Noise (b) Poisson Noise

P with Specide Nolse
(¢) Speckle Noise
Fig. 3: Noises Added to Double Precision
170

171
172
173 3.3. Gradient Magnitude and Direction
174 In this subsection, the gradient of the single precision X-Ray of Day 0 (Fig 2(a)) is
175 obtained and its magnitude and direction is plotted using methods of Sobel, Prewitt,
176 central difference and intermediate difference. These are shown in Fig. 4.
177
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178
179

180
181

{a) Sobel Mothad

Mgt st vy g | w—

(d)] Intermedae e Dhffcrence

Fig. 4: X-Ray Gradient Magnitude and Direction
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3.4. Directional Gradients
In this subsection, the directional gradient of the single precision X-Ray of Day 0 (Fig
2(a)) is plotted using methods of Sobel, Prewitt, central difference and intermediate

difference. These are shown in Fig. 5.

e e — — — O — —— -

{a) Sobcl Mothod

e o w  — — —— l——

(bl Prowan MNMothod

o — . Co—— — — Vl—

(<) Temtral Diaffeorenocs

{d) Intoermeedse e IDhn fforence

Fig. 5: Directional Gradients
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3.5. Gaussian Noises & Sobel Gradient
In this subsection, the single precision X-Ray of Day 0 (Fig 2(a)) is subjected to
Gaussian noise with three variances of 0.01, 0.001 and 0.0001. These are shown in Fig. 6.
The gradient magnitude of these noisy X-Rays are plotted using Sobel method, which
are shown in Fig. 7. The figures of gradient magnitude of Fig. 7 are further smoothed
using 2-D Gaussian smoothing. The Gaussian smoothing and central difference gradient
are shown in Fig. 8. The Gaussian smoothing and intermediate difference gradient are

shown in Fig. 9.

SP with Gaus sian varance=0.01 SP with Gausslan variance =0.001
7 . -

| rage Procoss rp counedy of AU red el ORC I QO000G 275 1P Proceem N < outedy of A Lra hed Ban alORC I 0000 000G 6575 w0

(a) Gaussian Variance = 0.01 (b) Gaussian Variance = 0.001

SP with Gaussian variance=0.0001

Vige Prioc e dng Gt ety O Abres B el CROE 0000 Q0% 3573 600

(¢) Gaussian Variance = 0.0001

Fig. 6: Gaussian White Noise added to Image
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Sobel Mag Gaussian variance=0.01
\).*.‘

Sobel MagGaus sian variance=0.001

pe ) vl

| g Procest g counedy of ADr hes Bl ORC 0 (000000 & | P Procsss g counesy of Atra ied B AlORC 0 0000 0000 6575 904

T,

(a) Gaussian Variance = (.01 (b) Gaussian Vanance = (.001

Sobel Mag Gaussian vanance=0.0001

(¢) Gaussian Varance = (.0001
Fig. 7: Gradient of Noisy X-Ray using Sobel Method
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Smoothed Central Gaus sian vasnance=0 .01 Smoothed Contral Gaussian, variance =0.001

WS Yoot np counedy of Abri nek Bl ORC IO (0000008 675 10 YOO np coumay of A tret hek B ALORC & (000 006 8572 M

(a) Gaussian Variance = 0.01 (b) Gaussian Variance = 0.001

Smoothed Central Gaus sian variance=0.0001

PGS Procm ang coudt oy O Abtard B el OR GO 0000 0% 2572 0

(¢) Gaussian Variance = (.0001
Fig. 8: Gaussian smoothing & central difference gradient
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Smoathed Intermediate, Gaussianvariance=0.01 SmoathedIntermediate Gaussianvariance=0.001

PGS Procesi g courseay of AL Mok Rl ORC © (000 00 2673 e

(a) Gaussian Variance = (.01 (b) Gaussian Variance = 0.001

Smoothed Jntermed iate,Gauss ian variance =0. 0001

Procmdng sty d Achared N sl OR GO 0000 (009 452 6000

(¢) Gaussian Variance = 0.0001
Fig. 9: Gaussian smoothing & intermediate difference gradient
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204  3.6. Poisson Noise & Sobel Gradient

205 In this subsection, the single precision X-Ray of Day 0 (Fig 2(a)) is subjected to Poisson
206 Noise, Fig. 10(a). The gradient magnitude of Poisson noise X-Ray is plotted using Sobel
207 method, which are shown in Fig. 10(b). This is further smoothed using 2-D Gaussian
208 smoothing and central difference gradient in Fig. 10(c); and 2-D Gaussian smoothing
209 and intermediate difference gradient in Fig. 10(d).

Sabel Mag Polsson Noise

SP with Pois son Noise

1P PYooeat ng couedy of ACKK fes Buraal ORC & (00 Lo 272

NOORM NG COUMay COF A T rod Bane al ORC & G ST M

(b) Sobel Gradient Magnitude

(a) Poisson Noise added

Smoothed, Central, Poisson Smoothed, Intermediate, Poisson

e Procest N cousay of Aot heb Bonal ORC & 0000 000 573 | ewge Procee g Couneay of A tra hek Bare ALORC & 0000 000G G575 G4

(¢) Smoothed by Central Difference (d) Smoothed by Intermediate Difference
Fig. 10: Poisson Noise & Gradient Magnitude
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211 3.7.Speckle Noise & Sobel Gradient

212 In this subsection, the single precision X-Ray of Day 0 (Fig 2(a)) is subjected to Speckle
213 noise with four variances of 0.05, 0.01, 0.001 and 0.1. These are shown in Fig. 11[a-d].
214 The gradient magnitude of these noisy X-Rays are plotted using Sobel method, which
215 are shown in Fig. 12. These are further smoothed using 2-D Gaussian smoothing. The
216 Gaussian smoothing and central difference gradient are shown in Fig. 13. The Gaussian
217 smoothing and intermediate difference gradient are shown in Fig. 14.

SP with Specikie variance=0.01

SP with Speck levariance=0.05

I g Procest v couesy of Abd fed Bl ORC & (000 000 675 | Poge Procest g ouneay of A e hed Bace ALORC & 000 0009 8575 S04

(a) Speckle Variance = 0.05 (b) Speckle Variance = 0.01

SP with Specikd e variance=0.001

2P

SP with Specide.variance=0.1

1ruge Process g counedy of ACTi fed Raraal ORC O 0000 00 273 1 Poge Procest g < cuneay of Al es Gavs sl ORC O 000 0003 4575 S04

(¢) Speckle Variance = 0.001 (d) Speckle Variance = 0.1
Fig. 11: Speckle Noise added to Image
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Sobed Mag.Specide,variance=0.05 Sobel Mag Specikde,variance=0.01

Lrags Procest vy courtedy of Abh hed Baral ORC O (000 (X | Poge Proces np counesy of Atraned Bae Al ORC O 000 O0G:

(a) Speckle Variance = 0.05 (b) Speckle Variance = 0.01

Sobel Mag Specide,varance=0.001 Sobed Mag.Speciievariance=0.1

Wt Proced p counedy of Aot hed Rl ORC D (0000 75 100 Procesd ng couesy of At hed Rave alORC 0 0000 O0G 4575

(¢) Speckle Varance = (.001 (d) Speckle Variance = 0.1

Fig. 12: Gradient of Noisy X-Ray using Sobel Method
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Smoothed Central Speckle.vadance=0.01

Smoothed Central Speck ke variance=0.05

1 Pwgs PYoceat vy couredy of Abhu ek R ORC I (000 000 575 | Poge Proces vp couredy of A tna ek Bove Al ORC O 0000 0002 6575 Sy
(a) Speckle Variance = (.05 (b) Speckle Variance = 0.01

Smoothed.Central Speck ke variance=0.001 Smoothed Central Speckle variance=0.1

1ragd Procest ng couredy of Abhi ek Rl ORC O (000 000 7% | Poge Proces np counedy of A thahes Bave AlORC O 000 0000 4672 iy

(¢) Speckle Variance = 0.001 (d) Speckle Variance = (.1
Fig. 13: Gaussian smoothing & central difference gradient
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Smoathed, intermediate Speckie varianc o=0.05 Smoathed!ntermediate Speciie varance =001

| rge Procest g counedy of A hed Bansd ORC O (000000 26775 WP Proces v Counedy of A s B ALORC D 0000 0000 4572 S0y
(a) Speckle Variance = 0.06 (b) Speckle Variance = 0.01
Smoothed inte rme dia te, Spe cide, variance=0.001 Smoothedintermediate Specide varlance=0.1

Process ng cousedy of A e red B Al ORC © 000 0@ 572 WM

1S PYOOMM NG Couedy of ADEH Nod B CHRL O (Do (o 75

(¢) Speckle Variance = 0.001 (d) Speckle Variance = (.1
Fig. 14: Gaussian smoothing & intermediate difference gradient
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222 3.8. Pixel Intensities & Contrast

223 In this subsection, the original X-Ray (without converting to single precision or double
224 precision) is contrasted for study and analysis.

225

226 Let the center fit

(x — 127.5)
74.05

229 then from polynomial regression
230 y = —1049 x 2 + 2661 X 28 + 6199 x z7 — 1.429 X 10* x 2 — 1.22 x 10* x 2°
231 +2.406 x 10* x z* + 7439 x 2> — 1.476 X 10* X z* + 1640 x z + 5288
232
233 Let j be the mean of y, § the calculated values of y, then the coefficient of determination, R?
n %
X(yi — )
2 =1
R2=1- = = 0.6302
: i7)2
Z (y i — Y )
=1
237 The measure of the goodness of fit given by norm of residuals is 2.758 x 104 . Here,
238 the polynomial of degree 9 chosen here is the global which can be focused on the areas
239 of interest (to be decided by infection part or researchers/doctors interest) and separate
240 equations can be obtained for each particular area of interest. This gives insight in
241 mathematical formulation and has been used in the Novel B-Mathematical Modeling
242 of Respiratory System.
243 TABLE I: Data Statistics for Fig. 15(b)
244 X Y |
min O O
max 255 3.214 % 10%
mean 127.5 2668
median 127.5 2082
mode 0 300
std deviation || 74.05 2840
range 255 3.214 < 10*
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245 The Fig.15(a) shows that X-Ray contrast is improved for analysis when compared with
246 Fig. 1(a). Fig. 15(b) shows the distribution of X-Ray pixel intensities. Fig. 15(c) shows
247 the error estimation plot, which is the plot of the residuals. Fig. 15(d) shows the X-Ray
248 histogram equalization which is the spreading of the intensity values over the full range.
249

v 1w 160 b 2 i

| gt Procest np couneay of Acris hed B ALORC I 0000 0000 0572 4 s
(a) X-Ray Contrast Improved (b) Distribution of Pixel Intensities
P nesdu
2} 1400 | > d :
1 120m
|
10om '
osp
oy ,’W"”‘M ) =25 YA~,* v_/-\ sxop
asi oo .
k3
400
1.5
2 200 1
250 = 100 10 20 =0 0 ."““42
& w i1 J | 16 e e
(¢) Error Estimation Plot (d) X-Ray Histogram Equalization

Fig. 15: Distribution of Pixel Intensities in X-Ray
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251
252 In Fig. 16, X-Ray Contrast is improved with five local luminances. The original Fig. 2(a) X-Ray
253 contrast is improved with four more local luminances by varying the intensity values at low
254 and high intensities. These are shown in Fig 16(a), Fig. 16(b) and Fig. 16(c). In Fig. 16(d), the
255 original Fig. 2(a) X-Ray is contrasted with fifth value of improvement but smoothing
256 technique is applied after it.
h57 Local Luminance 1
258
259
260
261
262
263
264
265
(4) X-Ray Contrast Improved 2 (5) X-Ray Contrast Improved 3
Local Luminance 3 Smoothing

Q-t’

e Process ng cousedy of Atk ned Baranl ORC I (00000 £T73 |rage Process g coutesy of A thi hes R ALCAC O (000 000G .73 G004

(¢) X-Ray Contrast Improved 4 (d) X-Ray Contrast Improved & Smoothed

Fig. 16: X-Ray Contrast Improved with Five Local Luminances
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266  3.9.Fuzzy Logic

267 In this subsection, the images obtained using fuzzy logic edge-detection algorithm
268 and Fuzzy Inference System (FIS) are given. Two 2-D Convolution are performed. The
269 x-axis of directional gradient is convolved with x-axis gradients of double-precision X-
270 Ray obtained in Fig. 2(b) and the X-Ray gradient of fuzzy logic x-axis is given in Fig.
271 17(a). The y-axis of directional gradient is convolved with y-axis gradients of double-
272 precision X-Ray obtained in Fig. 2(b) and the X-Ray gradient of fuzzy logic y-axis is
273 given in Fig. 17(b). The edge detection is shown in Fig. 17(c).

274

=; 100 150 200 =5 30 x=o A e L0 1; 150 2m =0 00 as “n -0
0 Y i o g 4 ] AR o R o CPICC) B0 0€ B0 00 D MR & 0 g ) s 6 o @ ] Al o B k. FCD) 006 9€ 00 D MR

{a) x axis (b) v axis

Fuzzy Logic Edge Datection
v v b aal

25
Jm
ST 3
am b

aso b

Soe 2 2 " 5 " i i " 4
w100 1 20 S0, IR e B . A
(c) Edge Detection

Fig. 17: Fuzzy Logic
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276  3.10. K-means Clustering

277 In this subsection, the popular vector quantization technique of K-Means cluster-

278 ing is applied to X-Ray. In this technique, firstly CIE XYZ tristimulus technique is

279 used to know the color information and thus, the information of luminosity layer

280 "L*, chromaticity-layer "a* and chromaticity-layer ‘b* is obtained. Then every pixel is
281 clustered with its pixel label and partitioned into three clusters. The clustering obtained
282 is shown in Fig. 18(a), Vector Quantization Cluster Label. And three clusters Cluster
283 1, Cluster 2 and Cluster 3 obtained are shown in Fig. 18(b), Fig. 18(c) and Fig. 18(d)

284 respectively.

Vector Guantizasion Cluster Label Cluster 1

W Procest ing coune of A heb Bans ALORC I (000 000G Irage Procesting couresy of Aohised Baned ORC D 000D (006 2672 2004

(a) Vector Quantization Cluster Lab (b) Cluster 1

Cluster 2 Cluster 3
2 P roc e ing ey of Abnuteh Baned. CRC O 0000 000G > Proceating cursey of Abhirnes lanest ORC D 0000 000G 272 2004
(¢) Cluster 2 (d) Cluster 3

Fig. 18: Vector Quantization, K-means Clustering
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304 InFig. 19(a), segmentation is applied and Fig. 19(b) and Fig. 19(c) shows respectively

305 the cluster plot and the plot of error estimation, that is, the plot of residuals.

Segment

| rge P roacest ng couresy of Abtited farad, CRC D 0000 0000 572 6004

(a) Segmentation (b) Cluster Plot

1o e duda
T T T T T

(¢) Cluster Plot Residuals
Fig. 19: Clustering Plot and Segment
306

307 Moving in similar way as in the Subsection-8 and choosing same
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Ann

_ (x - 127.5)
~74.05

310 wehave

Z

y = —1091 X 2° + 2695 x 2% + 6434 x z7 — 1.445 x 10* x 2 — 1.263 x 10* x 2°
+243 x 10* x 24 + 7715 X 2> — 1.487 X 10* X 22 + 1595 X z + 5292

311 R2=0.6213, and Norm of Residuals = 2.828 x 104

TABLE II: Data Statistics for Fig. 18(b)

X Y
min 0 0
max 255 | 3.308 x 10*
mean 127.5 2668
median 127.5 2075
mode 0 0
std deviation || 74.05 2878
range 255 | 3.308 x 10*
322
323
324  3.11. Morphological Segmentation
325 In this subsection, known morphological segmentation technique is applied on X-
326 Rays. Three morphological openings are used. The morphological opening with struc-
327 turing element of disk shaped with three different radius are shown in Fig. 20(a), Fig.
328 20(c) and Fig. 21(a). The background approximation images of X-Ray obtained after
329 subtracting from the original image are shown in Fig. 20(b), Fig. 20(d) and Fig. 21(b).
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Morphological 1 Approximation

Morphological 1
v

| e Proces g coueay of A rek Bare M ORC & 00 0G 3572 Irwpe Procest ng couedy of Abdin ned Rnal ORC & (00O 0000 2675 w4
(a) Morphological Opening 1 (b) Background Approximation Removed

from Fig. 19(a)

Morphological 2 Morphologioal 2 Approximation
' ‘e
- MJ .
| e Proceat g counedy of Athes hek Bave ALORC 0 0000 0O0G 6472 Wt Procest g cousesy of Abt hed Bl ORC O (000 00 275 9004
(¢) [Morphological Opening 2 (d) Background Approximation Removed

from Fig. 19(c)

Fig. 20: Morphological Segmentation
330
331
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332

Morphological 3

v

Morphological 3 Approximation

Image Processing courtesy of Abhishek Bansal ORCID0000-0002-2572- Image Processing counesy of Abhishek Bansal ORCID0000-0002-2572-9004
(a) Morphological Opening 3 (b) Background Approximation Removed
from Fig. 20(a)

Fig. 21: Morphological Segmentation
333

334
335

336  3.12. Dehazing Algorithm

337 In Fig. 22(a), the original Fig. 2(a) X-Ray is inverted and the low-light areas and

338 focused and the new X-Ray is obtained.

339

340 The hazing obtained in Fig.22(a) is reduced by hazing reduction algorithm.

341

342 On the new X-Ray of Fig.22(b), dehazing algorithm is applied and its result is in

343 Fig.22(c,d). Fig. 23[a-d] has four more such combinations on which dehazing algorithm
344 is implemented.
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Low Ught Areas Haze Reduced

| wpe Procest ng counesy of Abr red Bl ORC 0 (000 00G 673 | P Procest g oy of Atha hed Ravs ALORC D (000 0000 9675 e
(a) X-Ray Inverted & Hluminated (b) Hazing Reduction Algorithm
Haze Reduction Invert 1 Haze Reduction Invert 2
-— 1 “>
. ’!
. -
G 5
A v &
\% . Q \. ‘
~
'
| ooge Process g counedy of At hed Bl ORC 0 000 000 5% 1 rupe Procest ng ¢ ounedy of Atha hed Bars al0RC 0 0000 0U0G 575 S0
(¢) Dehazing Algorithm (d) Dehazing Algorithm

Fig. 22: Dehazing Algorithm
345
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Haze Reduction Invert 3

r

| e Procest g couny of Ao es Raral ORC & (000 00 675

(a) Dehazing Algorithm

Haze Reduction invert §

%
‘4\.
S

'

| noge Procest g coumdy of Achi heh Bananl OFC & 00O 000 673

(¢) Dehazing Algorithm

-~ L)

Haze Reduction invert 4

Q-r’

| g Procoss ing cousedy of At hed B Al ORC I (000 000G 6572 W4

(b) Dehazing Algorithm

Haze Reduction Invert §

| g Procist ng counedy of A thi red R alORC I (000 0006 4573 S

(d) Dehazing Algorithm

Fig. 23: Dehazing Algorithm
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349 4. Results: Day 0, PA

350

351 4.1.X-Ray Converted

352 In this subsection, X-Ray(PA) of Day 0 is converted to single precision gray-scale and
353 double precision, on which all further image processing’s will be done. These are shown

354 in Fig. 24.

355
Converted Slngle Precision Gray Scale Converted Double Precision
Image Processing courtesy of Abhishek aansal,onoin;ooonuonz-zaz-. Image Processing courtesy of Abhishek Bansal ORCiD:0000-0002-2572-9004
(a) Single Precision (b) Double Precision
Fig. 24: Converted to Single Precision & Double Precision
356
357

358 4.2. Double Precision Noise Addition

359 In this subsection, the double precision X-Ray of Day 0 (Fig 24(b)) of the previous
360 subsection is subjected to noises namely Gaussian with variance 0.01, Poisson Noise
361 and speckle noise with variance 0.05. These are shown in Fig. 25.

362
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DP with Gaussian Nolse

B

DP with Poisson Noise

rrong e Mo oe saing courtesy of Al adwk B recd ON GO 000 0-000 22572 g courtexy ol ON GO 000 0 0002 2572 - 9004
(a) Gaussian Noise (b) Poisson Noise
DP with Speckle Noise

e S

Srtnt TR s oL i'6

Image Procmasn g coure sy of Ab hishe. Earmad 00 0.0 0000 00224 729004

(c) Speckle Noise
Fig. 25: Noises Added to Double Precision
363

364
365
366 4.3. Gradient Magnitude and Direction

367 In this subsection, the gradient of the single precision X-Ray of Day 0 (Fig 24(a)) is

368 obtained and its magnitude and direction is plotted using methods of Sobel, Prewitt,
369 central difference and intermediate difference. These are shown in Fig. 26.
370

International Journal of Advanced Computing and Intelligent System (IJACIS)
Volume 1, Issue 1 (2023)

DOI: 10.66917/ijacis.a000003

https://msis-press.com/journals/ijacis



371

372

International Journal of Advanced Computing and Intelligent System (IJACIS)

(D) Prewitt Method

Wiy s B AT vl Dam Bes gt & Coetr

{c) Central Difference

e et Tt I

(d) Intermediate Diference

Fig. 26: X-Ray Gradient Magnitude and Direction
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373  4.4.Directional Gradients

374 In this subsection, the directional gradient of the single precision X-Ray of Day 0 (Fig
375 24(a)) is plotted using methods of Sobel, Prewitt, central difference and intermediate
376 difference. These are shown in Fig. 27.

377

el Gadwd it BT we

{a) Sobel Method

{b) Prewitt Method

{c) Central Difference

{d) Intermediate Difference
Fig. 27: Directional Gradients
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4.5. Gaussian Noises & Sobel Gradient
In this subsection, the single precision X-Ray of Day 0 (Fig 24(a)) is subjected to
Gaussian noise with three variances of 0.01, 0.001 and 0.0001. These are shown in Fig.
28. The gradient magnitude of these noisy X-Rays are plotted using Sobel method, which
are shown in Fig. 29. The figures of gradient magnitude of Fig. 29 are further smoothed
using 2-D Gaussian smoothing. The Gaussian smoothing and central difference gradient
are shown in Fig. 30. The Gaussian smoothing and intermediate difference gradient are

shown in Fig. 31.

SP with Gaussian variance=0.01 SP with Gaussian,variance=0.001

Irroage Proceoung cou ey of Abh bk Eared OGO 0000 000225 7% Irrenge N0 0 0000 0 0022 572-90 04

(a) Gaussian Variance = (.01 (b) Gaussian Variance = (0.001

SP with Gaussian variance =0.0001

Irroge Processdn g co e sy of Al heshek ersed O 00 000-0 002 72-9004

(¢) Gaussian Variance = (.0001
Fig. 28: Gaussian White Noise added to Image
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Sobel Mag,Gaussian variance=0.01 Sobel Mag,Gaussian variance=0.001

Irrege Prooecn g arurke sy of A bedw b Barsa L ONC D 0000 0002257290 04

Irrege Procecing cou ey of Abh bk Sarued OG0 000000022 7

(a) Gaussian Variance = (.01 (b) Gaussian Variance = 0.001

Sobel Mag,Gaussian variance=0.0001

Irreage Procssain g courke sy of Ab bl Barsed Q90 00 000-0 002239 72-90 04

(¢) Gaussian Variance = 0.0001
Fig. 29: Gradient of Noisy X-Ray using Sobel Method
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Smoothed,Central,Gauss lan variance=0.01 Smoothed, Central, Gaussian,variance=0.001

Irreage Procmaing cou ey of Abh bk Barmad OG0 0000 00 Q-2 7% Irreage Procman g ke xy of Ayt k Barma | QNG 00000 0 0002 57290 04

(a) Gaussian Variance = (.01 (b) Gaussian Variance = 0.001

Smoothed Central G aussian variance=0.0001

rreage Frocmarn g co urte sy of Ab hehek, Earnad OAC D0 000-0 00225 7292004

(¢) Gaussian Variance = 0.0001
Fig. 30: Gaussian smoothing & central difference gradient
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396
Smoothed, Intermediate, Gaussian, variance=0.01 Smoothed, Intermediate, Gaus sian variance=0.001

rreage Procearyg coursey' of Abh ik Barsed OFC0 0000000225 7% rreage Procesn g @ ure ay of A hedhe b Barne | NG 00000 0 00R-2 5729004

(a) Gaussian Variance = (.01 (b) Gaussian Variance = 0.001

Smoothed Intermediate Gaussian, variance=0.0001

rrogge Procen g oo urie sy of Al hichel, Sarmad 090 00 000-0 00225 729004

(¢) Gaussian Variance = 0.0001
Fig. 31: Gaussian smoothing & intermediate difference gradient

397

International Journal of Advanced Computing and Intelligent System (IJACIS)
Volume 1, Issue 1 (2023)

DOI: 10.66917/ijacis.a000003

https://msis-press.com/journals/ijacis



International Journal of Advanced Computing and Intelligent System (IJACIS)

398  4.6. Poisson Noise & Sobel Gradient

399 In this subsection, the single precision X-Ray of Day 0 (Fig 24(a)) is subjected to

400 Poisson Noise,Fig. 32(a). The gradient magnitude of Poisson noise X-Ray is plotted

401 using Sobel method, which are shown in Fig. 32(b). This is further smoothed using

402 2-D Gaussian smoothing and central difference gradient in Fig. 32(c); and 2-D Gaussian
403 smoothing and intermediate difference gradient in Fig. 32(d).

404

Sobel Mag,Poisson Noise

SP with Poisson Noise

Irrege Processing cou ey of Al b, Barmad QNGO 0000000225 7 Irrege Processin g o urie ey of A e k Barse | (G 0 0000 00022 572-20 04
(a) Poisson Noise added (b) Sobel Gradient Magnitude
Smoothed, Central, Poisson Smoothed, Intermediate, Poisson

iy of Abh o Earmed QMO0 000000 225 7% rreage Procesen g o urie sy of A hode b Beroes L OMC O 0000 0 002-2572-9004

(c) Smoothed by Central Difference (d) Smoothed by Intermediate Difference

Fig. 32: Poisson Noise & Gradient Magnitude
405

406

407  4.7. Speckle Noise & Sobel Gradient
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In this subsection, the single precision X-Ray of Day 0 (Fig 24(a)) is subjected to

Speckle noise with four variances of 0.05, 0.01, 0.001 and 0.1. These are shown in

Fig. 33[a-d]. The gradient magnitude of these noisy X-Rays are plotted using Sobel

method, which are shown in Fig. 34. These are further smoothed using 2-D Gaussian

smoothing. The Gaussian smoothing and central difference gradient are shown in Fig.

35. The Gaussian smoothing and intermediate difference gradient are shown in Fig. 36.

variance=0.05

v

SP with Speckle,

Irruage Proceadng courkesy of Al bk Barsad QRCD 000000 023 7

(a) Speckle Variance = 0.05

SP with Speckle,variance=0.001

Irraage Procesing cou ey of Abh ek Barmad OG0 0000000225 7

(c) Speckle Variance = 0.001
Fig. 33: Speckle Noise added to Image
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Sobel Mag Speckle,variance=0.05

Irrege Procwaing courkey of Abh ok Earvd OGO 000000 2-25 7%

(a) Speckle Variance = (.05

Sobel Mag, Spec kle,variance=0.001

[rruge Procesing courey of Abh bk, Barmad ONCO 0000 00025 7%

(c) Speckle Variance = 0.001
Fig. 34: Gradient of Noisy X-Ray using Sobel Method
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Smoothed,Central Speckle,variance=0.05 Smoothed,Central Speckle variance=0.01

Irrexge Processey courkey of Abh adwi, Barsed QMCO 000000 225 7% Irrexge Prooessin g aurde sy of A b k Barsa | ORC O 0000 000225729004
(a) Speckle Variance = 0.05 (b) Speckle Variance = (.01
Smoothed Central Speckle,variance=0.001 Smoothed Central Speckle,variance=0.1

Irroege Proceosry cou ey of Abh bk, Barnad OMC0 0000000225 7% rronge Proceodn g oo urke sy of A i k e L ONC O 0000 00022 572-9004

(c) Speckle Variance = 0.001 (d) Speckle Variance = (.1

Fig. 35: Gaussian smoothing & central difference gradient

417

International Journal of Advanced Computing and Intelligent System (IJACIS)
Volume 1, Issue 1 (2023)

DOI: 10.66917/ijacis.a000003

https://msis-press.com/journals/ijacis



International Journal of Advanced Computing and Intelligent System (IJACIS)

Smoothed, Intermediate, Speck le,variance=0.01

Smoothed Intermediate Speckle,variance=0.05

Irrenge Procsosng cou rhesy of Abh bk Earnad OMCD 0000000225 7% Irrexge Procsssn g o ure sy of A e k Berma | ONG O 0000 000225722004
(a) Speckle Variance = (.05 (b) Speckle Variance = (.01
Smoothed, Interm ediate, Speckle, variance=0.001 Smoothed Intermediate Speckle variance=0.1

Irrenge Procmang courkey of Abh bk, Baread GOC0 0000 0000225 7% Irreage Procmanm g @ ure sy of A heshw k Barsa | ORC O 0000 000225729004

(c) Speckle Variance = (.001 (d) Speckle Variance = (0.1

Fig. 36: Gaussian smoothing & intermediate difference gradient
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419  4.8. Pixel Intensities & Contrast

420 In this subsection, the original X-Ray (without converting to single precision or double
421 precision) is contrasted for study and analysis.

422

423 Let the center fit

(x — 127.5)
74.05

426 then from polynomial regression

y = 683827 +79.92x 2% +508.3 X 27 +211.7 x 2° — 3969 X z° — 2424 x z* + 5591 X 2° +
2489 x z* + 45.89 X z + 2385

427 Let y be the mean of y, 1 the calculated values of y, then the coefficient of determination, R?

8 Y (v — 97
429 RZ2=1 — el = 0.9428

n

430 Y Gy — B

=1

431

432 The measure of the goodness of fit given by norm of residuals is 6536. Here, the

433 polynomial of degree 9 chosen here is the global which can be focused on the areas
434 of interest (to be decided by infection part or researchers/doctors interest) and separate
435 equations can be obtained for each particular area of interest. This gives insight in

436 mathematical formulation and has been used in the Novel B-Mathematical Modeling
437 of Respiratory System.

438

439 The Fig.37(a) shows that X-Ray contrast is improved for analysis when compared with
440 Fig. 1(a). Fig. 37(b) shows the distribution of X-Ray pixel intensities. Fig. 37(c) shows
441 the error estimation plot, which is the plot of the residuals. Fig. 37(d) shows the X-Ray
442 histogram equalization which is the spreading of the intensity values over the full range.
443

444
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50 10 1%0 0 2%

rog e Mo o soong courtey of Abh shk, B rosd G GO 000 0-000 225972 9004 P 2
(a) X-Ray Contrast Improved (b) Distribution of Pixel Intensities
200 T mkiste T
. 10000
S00 st
W0oo 2000 H
s0op 7000 H
\/\ e |
“ > 7 =000 H
500 ) 4000 H
1000t b |
2000 H
1500 b
1000 1
0y = 2 =0 me 0 0
(¢) Error Estimation Plot (d) X-Ray Histogram Equalization

Fig. 37: Distribution of Pixel Intensities in X-Ray
445

TABLE III: Data Statistics for Fig. 37(b)

X ¥
min 0 0
max 255 | 5996
mean 127.5 | 2051
median 1275 | 2257
mode 0 0
std deviation || 74.05 | 1711
range 255 | 5996
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In Fig. 38, X-Ray Contrast is improved with five local luminances. The original Fig.

24(a) X-Ray contrast is improved with four more local luminances by varying the

intensity values at low and high intensities. These are shown in Fig 38(a), Fig. 38(b)

and Fig. 38(c). In Fig. 38(d), the original Fig. 24(a) X-Ray is contrasted with fifth value

of improvement but smoothing technique is applied after it.

Local Luminance 1

-

ruag e Mo o saing courtesy of Al shek B read ON GO 000000022972

(a) X-Ray Contrast Improved 2

Local Luminance 3

Irreage Procesadng coursey' of Abh bk, Barsed 000 0000000225 7%

(¢) X-Ray Contrast Improved 4

Local Luminance 2

frreng o Pro ae st ng courteny o Al s ek B reed O GO 000 0-0002 - 2572 2004

(b) X-Ray Contrast Improved 3

Smoothing

Irruage Procesain g ourke sy of Ao heshe k Barses | ORC D/ 0000 000225722004

(d) X-Ray Contrast Improved & Smoothed

Fig. 38: X-Ray Contrast Improved with Five Local Luminances

4.9. Fuzzy Logic

In this subsection, the images obtained using fuzzy logic edge-detection algorithm

and Fuzzy Inference System (FIS) are given. Two 2-D Convolution are performed. The

x-axis of directional gradient is convolved with x-axis gradients of double-precision X-
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Ray obtained in Fig. 24(b) and the X-Ray gradient of fuzzy logic x-axis is given in Fig.
39(a). The y-axis of directional gradient is convolved with y-axis gradients of double-
precision X-Ray obtained in Fig. 24(b) and the X-Ray gradient of fuzzy logic y-axis is

given in Fig. 39(b). The edge detection is shown in Fig. 39(c).

Fuzzy Logic x axis

40 450

150 00 250 30 350
10200 P o d 1 oot ey of AbH sk Bars al 0RO D 0000 0000 $5T2 6008

100

S0 200 =0 30
3000 P ECom g Gt eey of Aohishoh Drasd ORL D (000 Q003 S5724600

(a) x axis (b) y axis

Fuzzy Logic Edge Detection

200

A ORC 0000 0008 7572 A0

(c) Edge Detection

Fig. 39: Fuzzy Logic

4.10. K-means Clustering
In this subsection, the popular vector quantization technique of K-Means cluster-
ing is applied to X-Ray. In this technique, firstly CIE XYZ tristimulus technique is used to
know the color information and thus, the information of luminosity layer

"L*, chromaticity-layer ‘a* and chromaticity-layer ‘b* is obtained. Then every pixel is
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472 clustered with its pixel label and partitioned into three clusters. The clustering obtained
473 is shown in Fig. 40(a), Vector Quantization Cluster Label. And three clusters Cluster
474 1, Cluster 2 and Cluster 3 obtained are shown in Fig. 40(b), Fig. 40(c) and Fig. 40(d)
475 respectively.

Vector Quantization Cluster Label Cluster 1

(a) Vector Quantization Cluster Label (b) Cluster

Cluster 2 Cluster 3

¥rage PProcesin g o urie sy of Abh b Earmed, QRGO 0000 0002 25 rreage Procssain g oou ey’ of Abh ek B OR GO 00000002 25729004

(¢) Cluster 2 (d) Cluster 3

Fig. 40: Vector Quantization, K-means Clustering

476

477

478 In Fig. 41(a), segmentation is applied and Fig. 41(b) and Fig. 41(c) shows respectively
479 the cluster plot and the plot of error estimation, that is, the plot of residuals.

480

481
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Clu ster Plot

Irage Procmen g co ure sy of Abh . Barsd, GRC0 000 00002 25729004

(a) Segmentation (b) Cluster Plot

residuals

(¢c) Cluster Plot Residuals

Fig. 41: Clustering Plot and Segment

482
483
484 Moving in similar way as in the Subsection-8 and choosing same
(x — 127.5)
©T T 7405
487 we have,
y = 60.64xz° +87.05% 28 +551.5 X 27 + 176.3 X 26 — 4048 x z° — 2370 X z* + 5643 X 2> +
2464 X z* + 36.35 X z + 2386
488
489 R2=0.9425 and Norm of Residuals = 6546
490
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TABLE IV: Data Statistics for Fig. 40(b)

X Y

min 0 0

max 255 | 5996

mean 127.5 | 2051

median 127.5 | 2256
mode 0 0

std deviation || 74.05 | 1710

range 255 | 5996

4.11. Morphological Segmentation
In this subsection, known morphological segmentation technique is applied on X-
Rays. Three morphological openings are used. The morphological opening with struc-
turing element of disk shaped with three different radius are shown in Fig. 42(a), Fig.
42(c) and Fig. 43(a). The background approximation images of X-Ray obtained after

subtracting from the original image are shown in Fig. 42(b), Fig. 42(d) and Fig. 43(b).
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Morphological 1 Morphological 1 Approximation

4
reag @ o e saeng courtesy of Abbsshwk B reed 0N GO 000000022572 rrag e Pro ae st ng courteoy o F Al sty ek Ba rsad ON GO 000 0-0002 - 2572 9004
(a) Morphological Opening 1 (b) Background Approximation Removed

from Fig. 19(a)

Morphological 2 Approximation

(c) [Morphological Opening 2 (d) Background Approximation Removed
from Fig. 19(c)
Fig. 42: Morphological Segmentation

Morphological 3 Morphological 3 Approximation

Image Processing counesy of Abhishek Bansal ORCID0000-0002-2572- Image Processing counesy of Abhishek Bansal ORCID0000-0002-2572-9004

(a) Morphological Opening 3 (b) Background Approximation Removed
from Fig. 20(a)

Fig. 43: Morphological Segmentation
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512

513 4.12. Dehazing Algorithm

514 In Fig. 44(a), the original Fig. 24(a) X-Ray is inverted and the low-light areas and

515 focused and the new X-Ray is obtained.

516

517 The hazing obtained in Fig. 44(a) is reduced

518 by hazing reduction algorithm.

519

520 On the new X-Ray of Fig. 44(b), dehazing algorithm is applied and its result is in Fig.
521 44(c,d). Fig. 45[a-d] has four more such combinations on which dehazing algorithm is

522 implemented.

523
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Irmage Procesing cou ey of Abhishek Earnad ONCO 0000002235 7% Irrage Procwsun g ke sy of A hedw k Berme | NG 010000 00025722004
(a) X-Ray Inverted & Illuminated (b) Hazing Reduction Algorithm
Haze Reduction Invert 1 Haze Reduction Invert 2

(c) Dehazing Algorithm (d) Dehazing Algorithm
Fig. 44: Dehazing Algorithm
524

International Journal of Advanced Computing and Intelligent System (IJACIS)
Volume 1, Issue 1 (2023)

DOI: 10.66917/ijacis.a000003

https://msis-press.com/journals/ijacis



International Journal of Advanced Computing and Intelligent System (IJACIS)

Haze Reduction Invert3 Haze Reduction Invert 4

Irreage Proceoadng cou iy of Abh hek, Earnad ONCO 000000 025 7% Irroge Procwain g o uresy of A heh k B | ONC 00000 0 002257290 04

(a) Dehazing Algorithm (b) Dehazing Algorithm

Haze Reduction Invert 5 Haze Reduction Invert 6
- ~ —_—

- ~

Irreage Proceoadng cou iy of Abh hek, Earmad ONCO 000000 02 7% Irronge Procwain g curesy of A heh k B | ONC 00000 0 002257290 04

(¢) Dehazing Algorithm (d) Dehazing Algorithm
Fig. 45: Dehazing Algorithm
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526 5.Results: Day 3, PA

527

528 5.1. X-Ray Converted

529 In this subsection, X-Ray(PA) of Day 3 is converted to single precision grayscale and
530 double precision,on which all further image processings will be done. These are shown

531 in Fig. 46.

532
Converted Single Precision Gray Scale Converted Doube Precision
(a) Singie Precision (b) Do1’;‘;{;“;:;;;;;:“‘“““““””
Fig. 46: Converted to Single Precision & Double Precision,Day3
533
534

535  5.2. Double Precision Noise Addition
536 In this subsection, the double precision X-Ray of Day 3 (Fig 46(b)) of the previous
537 subsection is subjected to noises namely Gaussian with variance 0.01, Poisson Noise

538 and speckle noise with variance 0.05. These are shown in Fig. 47.
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DF with Gaussian Nolse DF with Poisson Nolse

- ] Bewe

(a) Gaussian Noise (b) Poisson Noise

[ M.

(c) Speckle Noise
Fig. 47: Noises Added to Double Precision,Day3

5.3. Gradient Magnitude and Direction
In this subsection, the gradient of the single precision X-Ray of Day 3 (Fig 46(a)) is
obtained and its magnitude and direction is plotted using methods of Sobel, Prewitt,

central difference and intermediate difference. These are shown in Fig. 48.
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Ning re fuacher] o) an d Dire ctia rirl ght), So bed

(a) Sobel Method

Nagn bud eeft) and D rect! andrl gh £ P row it
\'_' -

(b) Prewitt Method

Ning re bude §eft) an d O ectio il ght), Certrad

B e

(¢) Central Difference

Ning i bude §oft) an d Dire ctio rr g, In berrmed abe
-~ .

(d) Intermediate Difference

Fig. 48: X-Ray Gradient Magnitude and Direction,Day3
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549
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551 5.4. Directional Gradients
552 In this subsection, the directional gradient of the single precision X-Ray of Day 3 (Fig
553 46(a)) is plotted using methods of Sobel, Prewitt, central difference and intermediate

554 difference. These are shown in Fig. 49.

Drecti onal Grad e xS0 bel Metho d

(a) Sobel Method

Direc fon s Gr ad ontx, Presst i Method

(b) Prewitt Method

(c) Central Difference

Drecti on ol Grad o nts, nter rmeed ato Metha d

(d) Intermediate Difference

Fig. 49: Directional Gradients,Day3

555

556 5.5. Gaussian Noises & Sobel Gradient
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In this subsection, the single precision X-Ray of Day 3 (Fig 46(a)) is subjected to
Gaussian noise with three variances of 0.01, 0.001 and 0.0001. These are shown in Fig.

50. The gradient magnitude of these noisy X-Rays are plotted using Sobel method, which
are shown in Fig. 51. The figures of gradient magnitude of Fig. 50 are further smoothed
using 2-D Gaussian smoothing. The Gaussian smoothing and central difference gradient

are shown in Fig. 52. The Gaussian smoothing and intermediate difference gradient are

shown in Fig. 53.

SP with Gaussian, variances0.01 SP with Gaussian, variance=0.001

(a) Gaussian Variance = 0.01 (b) Gaussian Variance = 0.001

SP with Gaussian variance=0.0001

(c) Gaussian Variance = 0.0001

Fig. 50: Gaussian White Noise added to Image,Day3
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Sobel Mag,Gaussian variances0.01 Sobel Mag Gaussian variancex0.001

Irenge Pexceasing courteny of Abbihek ares O FCI D0000 0002257290 Ireage Procesing courtay of Abbhek areal ORCD0 0000 0022 572 9004

(a) Gaussian Variance = (.01 (b) Gaussian Variance = (.001

Sobel Mag, Gaussian variancex0.0001

Ireng 0 Proceaing o uteey of Abbihek el O RCD0000 0002 2572 G004

(c) Gaussian Variance = 0.0001

Fig. 51: Gradient of Noisy X-Ray using Sobel Method,Day3
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Smoothed Central Gaussian,variances0.01 Smoothed, Central, Gaussian, variance=0.001

Irmage Prcssaing curteny of Abhichek Bares LO FCI 00000 0002257290 Ireage Processing courtey of Abhishek Baread ORCD0 0000 0022 572 9004

(a) Gaussian Variance = (.01 (b) Gaussian Variance = (.001

Smoothed Central Gaussian,variance«0.0001

|reng @ Proamaing @ teay of Abhishek Bareal O ROD 0000 0002 2572 G004

(c) Gaussian Variance = (.0001

Fig. 52: Gaussian smoothing & central difference gradient,Day3
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Sm ed Inter G variance=0.01

Irmge Prcesaing @urtwsy of Abhihek. Bars L0 FCI 00000 000 2572 90 I age Procusing courey of Abhishek Danl ORCIO0 0000 0022 572-9004

(a) Gaussian Variance = (.01 (b) Gaussian Variance = 0.001

117y @ Procasaing oo ustasy of Abbishek Darsd.0 FICO-0000 0002 2572 G004

(c) Gaussian Variance = 0.0001

Fig. 53: Gaussian smoothing & intermediate difference gradient,Day3

570
571

572  5.6. Poisson Noise & Sobel Gradient
573 In this subsection, the single precision X-Ray of Day 3 (Fig 46(a)) is subjected to
574 Poisson Noise,Fig. 54(a). The gradient magnitude of Poisson noise X-Ray is plotted

575 using Sobel method, which are shown in Fig. 54(b). This is further smoothed using

576 2-D Gaussian smoothing and central difference gradient in Fig. 54(c); and 2-D Gaussian
577 smoothing and intermediate difference gradient in Fig. 54(d).
578
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SP with Poisson Noise Sobel Mag,Poisson Noise

Irnage Pocmaing custemy of Abhishek Biane LO FCID:0000-0002 257290 Irrage Proceming couremy of Abhishek Darmal ORCD0 0000 0022 572 9004

(a) Poisson Noise added (b) Sobel Gradient Magnitude

Smoothed, Central, Poisson Smoothed. | diate Pol

Iroage Pocmsaing custy of Abhishek B LO FCID:0000-0002 257290 Irrage Proceming courmy of Abhishek Darmal ORCDD0 0000 0023 572 9004

(c) Smoothed by Central Difference (d) Smoothed by Intermediate Difference
Fig. 54: Poisson Noise & Gradient Magnitude,Day3
579

580

581 5.7. Speckle Noise & Sobel Gradient

582 In this subsection, the single precision X-Ray of Day 3 (Fig 46(a)) is subjected to

583 Speckle noise with four variances of 0.05, 0.01, 0.001 and 0.1. These are shown in

584 Fig. 55[a-d]. The gradient magnitude of these noisy X-Rays are plotted using Sobel
585 method, which are shown in Fig. 56. These are further smoothed using 2-D Gaussian
586 smoothing. The Gaussian smoothing and central difference gradient are shown in Fig.
587 57. The Gaussian smoothing and intermediate difference gradient are shown in Fig. 58.
588

589
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SP with Spackle variance=0.05

SP with Speckle, variances0.01

4 )
Irmge Prcasaing qurteny of Abbiahe B L0 FUI D0000-0002-2572-90 Image Processng couray of Abhahek Darsal ORCID0 0000 0002 572 9004

(a) Speckle Variance = 0.05 (b) Speckle Variance = (.01

SP with Speckle variances0.001

SP with Speckle variances0.1

L)

Irmage Prcsang qurtey of Abhiahek Baree L0 FCID0000- 0000 257290 Irvage Procesing coursay of Abhlshek, Barmal ORCD0 0000 0002 572 9004

(c) Speckle Variance = (.001 (d) Speckle Variance = (.1
Fig. 55: Speckle Noise added to Image,Day3
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Sobel Mag Speckle,variances0.05

Ireage Procsnaing courteny of Abbishek. Bares LO RCI 000000002 257290

(a) Speckle Variance = 0.05

Sobel Mag Speckle variances0.001

I Procenaing murteny of Abhishek Bans LO RCI 000000002 257290

(c) Speckle Variance = 0.001
Fig. 56: Gradient of Noisy X-Ray using Sobel Method,Day3
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(b) Speckle Variance = (.01

Sobel Mag Specke variances0.1

Ireage Processing coursy of Abhishek Barmal CRCD0 0000 0022 5729004

(d) Speckle Variance = (.1
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Smoothed, Central Speckle varlances0.05 Smoothed Central Speckle variances0.01

|rrage Procesaaing aurteny of Abhichek Barse |0 FCI 0:0000-0002- 257220 Ireage Precasing courteny of Abhichek Danead ORCIO0 0000 0022 5729004

(a) Speckle Variance = (.05 (b) Speckle Variance = (.01

Smoothed Central, Speckle, varlances0.001 Smoothed, Central, Speckle, varlances0.1

|rrage Procenaing aurteny of Abhichek Bare |0 FCI 0-0000-0002- 257220 Ireage Procasing courey of Abhichek Banead ORCIOD0 0000 00212 5722004

(c) Speckle Variance = (.001 (d) Speckle Variance = (.1

Fig. 57: Gaussian smoothing & central difference gradient,Day3
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Smoothed Intermediate, Spackle variance=0.05 Smoothed, Intermediate Speckle variance=0.01

Irrage Pocenaing urfeny of Abbehek Baren L0 FCI 000000002 257290 Ireage Procesing courtmy of Abbishek Barual ORCD0 0000 0002 5729004

(a) Speckle Variance = 0.05 (b) Speckle Variance = (.01

Smoothed, Intermediate Speckle variancex0.001 Smoothed Inlermediale, Speckle, variances0.1

Irvage Poceasing courteny of Abbshek Bares L0 FCI Q00000002 257290 Ireagae Procesing courtesy of Abbishek Darual ORCD0 0000 0022 5722004

(c) Speckle Variance = (.001 (d) Speckle Variance = (.1

Fig. 58: Gaussian smoothing & intermediate difference gradient,Day3
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594  5.8. Pixel Intensities & Contrast

595 In this subsection, the original X-Ray (without converting to single precision or double
596 precision) is contrasted for study and analysis.

597

598 Let the center fit

(x — 127.5)
74.05

601 then from polynomial regression

y = 1911 x 2% +949.3 x 2® — 1.239 x 10* x 27 — 5847 x 26 + 2.778 X 10* x 2° + 1.157 X 10* x
z4 —2.885% 10* x 2> —1.135 x 10* X 2 + 1.716 X 10* X z + 1.064 x 10*

602 Let § be the mean of y, ¥ the calculated values of y, then the coefficient of

603 determination, R?
n

)_:(}/i - PF
R2=1 - = (.8837

§ (vi — 77

607
608
609 The measure of the goodness of fit given by norm of residuals is 3.244 x 104 . Here,
610 the polynomial of degree 9 chosen here is the global which can be focused on the areas
611 of interest (to be decided by infection part or researchers/doctors interest) and separate
612 equations can be obtained for each particular area of interest. This gives insight in
613 mathematical formulation and has been used in the Novel B-Mathematical Modeling
614 of Respiratory System.
615
616 The Fig.59(a) shows that X-Ray contrast is improved for analysis when compared with
617 Fig. 1(a). Fig. 59(b) shows the distribution of X-Ray pixel intensities. Fig. 59(c) shows the error
618 estimation plot, which is the plot of the residuals. Fig. 59(d) shows the X-Ray
619 histogram equalization which is the spreading of the intensity values over the full range.
620
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(c) Error Estimation Plot
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(d) X-Ray Histogram Equalization
Fig. 59: Distribution of Pixel Intensities in X-Ray,Day3

TABLE V: Data Statistics for Fig. 59(b)

X Y
min 0 0
max 255 | 1.929 x 10*
mean 1275 6111
median 1275 5199
mode 0 0
std deviation || 74.05 5956

range

255

1.929 x 10*
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In Fig. 60, X-Ray Contrast is improved with five local luminances. The original Fig.
46(a) X-Ray contrast is improved with four more local luminances by varying the
intensity values at low and high intensities. These are shown in Fig 60(a), Fig. 60(b)
and Fig. 60(c). In Fig. 60(d), the original Fig. 46(a) X-Ray is contrasted with fifth value

of improvement but smoothing technique is applied after it.

Local Luminance 2

¥rrage Proceming couresy of Abbishek Bareal OFRCID: 0000 0002-2572-900

(@) X-Ray Contrast Improved 2 (b) X-Ray Contrast Improved 3

Local Luminance 3 Smoothing

Irmge Prceaing urtwy of Abbishe Barss L0 FCI /00000002 277290 Irage Proceming courtesy of Ablisheh, Bared, ORCE0 0000 0022 5729004

(c) X-Ray Contrast Improved 4 (d) X-Ray Contrast Improved & Smoothed
Fig. 60: X-Ray Contrast Improved with Five Local Luminances,Day3

5.9. Fuzzy Logic
In this subsection, the images obtained using fuzzy logic edge-detection algorithm
and Fuzzy Inference System (FIS) are given. Two 2-D Convolution are performed. The
x-axis of directional gradient is convolved with x-axis gradients of double-precision X-

Ray obtained in Fig. 46(b) and the X-Ray gradient of fuzzy logic x-axis is given in Fig.
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61(a). The y-axis of directional gradient is convolved with y-axis gradients of double-
precision X-Ray obtained in Fig. 46(b) and the X-Ray gradient of fuzzy logic y-axis is

given in Fig. 61(b). The edge detection is shown in Fig. 61(c).

Fuzzy Logic x axis Fuzzy Logic y axis

100 200 300 Aoy Proces w0 ooy of Ak Darst R 0000 C0OBOD'2 5008 100 200 300 e P econs BN Ay cf AR 0 v oL PO 0000 COMBON2 0004

(a) x axis (b) y axis

Fuzzy Logic Edge Detection
T T T T

A0 P rocec BEYO e ony ot ASGES. 0 st DD 0000008 02 w04

(c)”l-nge Detection
Fig. 61: Fuzzy Logic,Day3

5.10. K-means Clustering
In this subsection, the popular vector quantization technique of K-Means cluster-
ing is applied to X-Ray. In this technique, firstly CIE XYZ tristimulus technique is
used to know the color information and thus, the information of luminosity layer
"L*, chromaticity-layer "a*” and chromaticity-layer 'b* is obtained. Then every pixel is
clustered with its pixel label and partitioned into three clusters. The clustering obtained is
shown in Fig. 62(a), Vector Quantization Cluster Label. And three clusters Cluster

1, Cluster 2 and Cluster 3 obtained are shown in Fig. 62(b), Fig. 62(c) and Fig. 62(d)
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656 respectively.

Vector Quantization Cluster Label Cluster 1

I o Procesing court sy of Ao sheb. Bencal ORCID: 0000 000225729004

¥rage Procesing courteay of Abhishek Bianesl ORICID: 0000 0002

(a) Vector Quantization Cluster Label (b) Cluster 1

Cluster 2 Cluster 3

117 o Proaeaing curtssy of Ao shek: Darwad ORCID-0000. 000225729004

= i
¥rags Proceasin g courtey of Abbiheh Dansad O RICIC0000-0002-

(c) Cluster 2 (d) Cluster 3
Fig. 62: Vector Quantization, K-means Clustering,Day3

658

659

660 In Fig. 63(a), segmentation is applied and Fig. 63(b) and Fig. 63(c) shows respectively
661 the cluster plot and the plot of error estimation, that is, the plot of residuals.

662

663 Moving in similar way as in the Subsection-8 and choosing same

_ (x - 127.5)
7405

Z
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Segment

10° Cluster Plot
T T

(b) Cluster Plot

bk B el O PICD 00000002 2572 9004

(a) Segmentation

10 residuals
T T T

“a 50 100 150 200 250
(c) Cluster Plot Residuals

Fig. 63: Clustering Plot and Segment,Day3

665
666 we have,
y = —1.369 X 10% x 2% + 1.246 X 10* x 28 + 7.594 X 10* x 27 — 6.079 X 10* x z® — 1.358 X 10° x
2 +9.016x 10* x z* +8.192 x 10* X 2> —4.42 x 10* x 2% — 4723 x z + 1.049 x 10*
667

668 R2=0.3119 and Norm of Residuals = 2.907 x 105

669 TABLE VI: Data Statistics for Fig. 63(b)
X Y
min 0 0
max 255 | 3.434 x 10°
mean 1275 6111
median 127.5 955:5
mode 0 0
std deviation || 74.05 | 2.194 x 10*
range 255 | 3.434 x 10°
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671  5.11. Morphological Segmentation

672 In this subsection, known morphological segmentation technique is applied on X-
673 Rays. Three morphological openings are used. The morphological opening with struc-
674 turing element of disk shaped with three different radius are shown in Fig. 64(a), Fig.
675 64(c) and Fig. 65(a). The background approximation images of X-Ray obtained after
676 subtracting from the original image are shown in Fig. 64(b), Fig. 64(d) and Fig. 65(b).
677
: -
(a) f\'l()rp}u)-l:).gi;ﬂ. Z‘)pcmngl o (b) Background A‘ppm\A mmtmn “ Rcmu\«_d

from Fig. 19(a)
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from Fig. 19(c)

Momphological 2
N B~

1

Fig. 64: Morphological Segmentation,Day3
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Morphological 3 Ap praximation

(b) Background Approximation Removed
from Fig. 20(a)

(a) Morphological Opening 3

Fig. 65: Morphological Segmentation,Day3
679

680
681

682  5.12. Dehazing Algorithm

683 In Fig. 66(a), the original Fig. 46(a) X-Ray is inverted and the low-light areas and
684 focused and the new X-Ray is obtained.

685

686 The hazing obtained in Fig. 66(a) is reduced by hazing reduction algorithm.

687

International Journal of Advanced Computing and Intelligent System (IJACIS)
Volume 1, Issue 1 (2023)

DOI: 10.66917/ijacis.a000003

https://msis-press.com/journals/ijacis



International Journal of Advanced Computing and Intelligent System (IJACIS)

Haze Reduced

Low Light Areas

(a) X-Ray Inverted & Illuminated (b) Hazing Reduction Algorithm
Haze Reduction Invert 1 Haze Reduction Invert 2
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(c) Dehazing Algorithm (d) Dehazing Algorithm
Fig. 66: Dehazing Algorithm,Day3

688

689

690

691 On the new X-Ray of Fig. 66(b), dehazing algorithm is applied and its result is in

692 Fig.66(c,d). Fig. 67[a-d] has four more such combinations on which dehazing algorithm
693 is implemented.
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Haze Reduction Invert 4

(a) Dehazing Algorithm (b) Dehazing Algorithm
Haze Reduction Invent 5 Haze Reduction Invert 6
- -
3
-
e
.~
«
(c) Dehazing Algorithm (d) Dehazing Algorithm
Fig. 67: Dehazing Algorithm,Day3
694
695
696

697 6. Results: Day 4, PA

698

699  6.1. X-Ray Converted

700 In this subsection, X-Ray(PA) of Day 4 is converted to single precision gray-scale and
701 double precision, on which all further image processings will be done. These are shown

702 in Fig. 68.
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Converted Single Precision Gray Scale

C d Double P

Image of Abhishek Bans 0002-2572-% Image Processing couriesy of Abhishek Bansal ORGID0000-0002-2572-8004

(a) Single Precision (b) Double Precision

Fig. 68: Converted to Single Precision & Double Precision,Day4

6.2. Double Precision Noise Addition
In this subsection, the double precision X-Ray of Day 4 (Fig 68(b)) of the previous
subsection is subjected to noises namely Gaussian with variance 0.01, Poisson Noise

and speckle noise with variance 0.05. These are shown in Fig. 69.
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Ireage Pracsesng cunsay of Abhihek  anesd, CRCID: 00000000 25720004

ea s

23 TN
reage Procseang coursay of Ahi ek anaed

(a) Gaussian Noise (b) Poisson Noise

DP with Speckle Noise

of Achiatwh. 25T 0004

(c) Speckle Noise

Fig. 69: Noises Added to Double Precision,Day4

6.3. Gradient Magnitude and Direction
In this subsection, the gradient of the single precision X-Ray of Day 4 (Fig 68(a)) is
obtained and its magnitude and direction is plotted using methods of Sobel, Prewitt,

central difference and intermediate difference. These are shown in Fig. 70.
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{a) Saobel Method

W gt i B et S ol o sy S et &

{b) Prewitt Method
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{(d) Intermediate Diference

70: X-Rav Gradient Magnitude and Direction, Dav4
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721  6.4. Directional Gradients
722 In this subsection, the directional gradient of the single precision X-Ray of Day 4 (Fig
723 68(a)) is plotted using methods of Sobel, Prewitt, central difference and intermediate

724 difference. These are shown in Fig. 71.

725

e e el 3w e o 3 s i M i

(a) Sobel Method

i

{b) Prewitt Method

el e G il et | W Wt

{c) Central Difference

et

{d) Intermediate Diflerence
Fig. 71: Directional Gradients, Dav4
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729  6.5. Gaussian Noises & Sobel Gradient

730 In this subsection, the single precision X-Ray of Day 4 (Fig 68(a)) is subjected to

731 Gaussian noise with three variances of 0.01, 0.001 and 0.0001. These are shown in Fig.
732 72. The gradient magnitude of these noisy X-Rays are plotted using Sobel method, which
733 are shown in Fig. 73. The figures of gradient magnitude of Fig. 73 are further smoothed
734 using 2-D Gaussian smoothing. The Gaussian smoothing and central difference gradient
735 are shown in Fig. 74. The Gaussian smoothing and intermediate difference gradient are

736 shown in Fig. 75.

SP with Gaussian, variance=001 SP with Gaussian, variance=0001

J s X
ragn Procming castmy of Abhinhek Baned ORCO-0000 0002 2572+ Irage Prceming couteay of Abh ek Bl ORC 00000 (002 2572 0004

(a) Gaussian Variance = (.01 (b) Gaussian Variance = (.001

SP with Gaussian variance=0.0001

nmmmqumﬁn&wnm

(c) Gaussian Variance = 0.0001
Fig. 72: Gaussian White Noise added to Image, Day4
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Sobel Mag Gaussian varisnce=0.01 Sobel Mag Gaussian variance=0.001

n1agy Procseaing cantmy of Abhihek e d ORCE 0000 0000 2572 | rage P ecam ing cout eay of AbH e lara sl ORCIC0000- (0022572 2004

(a) Gaussian Variance = (.01 (b) Gaussian Variance = 0.001

Sobel Mag, Gaussian variance=0.0001

nage Procaaing coutesy of Abhisrwh. D sl ORC D 0000 0002 250 9004

(¢) Gaussian Variance = (.0001

Fig. 73: Gradient of Noisy X-Ray using Sobel Method,Day4
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Smoothed, Central Gaussian,variances0.01 Smoothed Central Gaussian variance=0.001
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(a) Gaussian Variance = (.01 (b) Gaussian Variance = 0.001

Smoothed Central Gaussian varianoce«0.0001

e 200 Procaeing coutesy of Abhis hek Dane sl ORC 00000 0002 25T 9004

(¢) Gaussian Variance = 0.0001

Fig. 74: Gaussian smoothing & central difference gradient,Day4
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Smoothed Intermediate Gaussian,variance=0.01 Smoothed Intermediate Gaussian variance=0.001
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(a) Gaussian Variance = (.01 (b) Gaussian Variance = 0.001
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(¢) Gaussian Variance = (0.0001

Fig. 75: Gaussian smoothing & intermediate difference gradient,Day4
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743  6.6. Poisson Noise & Sobel Gradient

744 In this subsection, the single precision X-Ray of Day 4 (Fig 68(a)) is subjected to

745 Poisson Noise,Fig. 76(a). The gradient magnitude of Poisson noise X-Ray is plotted

746 using Sobel method, which are shown in Fig. 76(b). This is further smoothed using

747 2-D Gaussian smoothing and central difference gradient in Fig. 76(c); and 2-D Gaussian
748 smoothing and intermediate difference gradient in Fig. 76(d).

749

SP with Poisson Noise

Sobel Mag,Poisson Noise

ru g Proce s courte sy of Abh ik Bursal OACO 000000022572+ 111 @ Pro o g courisy of Abdbdek Bareal OACD 000 0002-25729004

(a) Poisson Noise added (b) Sobel Gradient Magnitude

Smoothed, Central, Poisson Smoothed, Intermediate, Poisson

g Procesdn g courtesy of Abhidek Bural OACD 000000022572+ Mg e Procesing cousy of Abhihek Bunal OACD 0000 000225729004

(c) Smoothed by Central Difference (d) Smoothed by Intermediate Difference

Fig. 76: Poisson Noise & Gradient Magnitude,Day4
750

751  6.7. Speckle Noise & Sobel Gradient
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In this subsection, the single precision X-Ray of Day 4 (Fig 68(a)) is subjected to
Speckle noise with four variances of 0.05, 0.01, 0.001 and 0.1. These are shown in

Fig. 77[a-d]. The gradient magnitude of these noisy X-Rays are plotted using Sobel
method, which are shown in Fig. 78. These are further smoothed using 2-D Gaussian
smoothing. The Gaussian smoothing and central difference gradient are shown in Fig.

79. The Gaussian smoothing and intermediate difference gradient are shown in Fig. 80.

SP with Speckdevariance=0.05

SP with Speckle, variance=001

(a) Speckle Variance = 0.05 (b) Speckle Variance = 0.01

SP with Speckle variance=0.001 SP with Speckde variance=0.1

: Y b o
» AT ¥y 5
Image Prceming cout ssy of Abh ek Baread ORCD 0000 (023572 G004

(c) Speckle Variance = 0.001 (d) Speckle Variance = 0.1
Fig. 77: Speckle Noise added to Image,Day4
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Sobel Mag Specklevariance=0.01

Sobel Mag Speckle variance:0.05

Irege Pecesing cout ey of AbH ek, Rl ORC D 0000- (002 2572 0004

(a) Speckle Variance = 0.05 (b) Speckle Variance = 0.01

Sobel Mag,Speckle variances0.001 Sobel Mag, Speckle, variances0.1

g Procsaaing can ey of Aohisheh Bareat CRCOO0000000- 25721 Ireage Peceating cout eny of AbH ek et sl ORC 0000000022572 0004

(c) Speckle Variance = 0.001 (d) Speckle Variance = 0.1
Fig. 78: Gradient of Noisy X-Ray using Sobel Method,Day4
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(a) Speckle Variance = 0.05 (b) Speckle Variance = (.01
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(c) Speckle Variance = 0.001 (d) Speckle Variance = (.1

Fig. 79: Gaussian smoothing & central difference gradient,Day4
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(a) Speckle Variance = 0.05
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(c) Speckle Variance = 0.001
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(d) Speckle Variance = 0.1

Fig. 80: Gaussian smoothing & intermediate difference gradient,Day4
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6.8. Pixel Intensities & Contrast
In this subsection, the original X-Ray (without converting to single precision or double
precision) is contrasted for study and analysis.

Let the center fit

_ (x - 137.5)
~ 74.05

Z

then from polynomial regression
y = —456.5x 27 + 2091 X 2% + 5796 x z7 — 9125 X 26 — 1.939 X 10* X 2° + 6667 X z* + 1.607 X
10* x 2% + 5324 X 2% + 7713 X z + 4413

Let § be the mean of y, ¥ the calculated values of'y, then the coefficient of determination,

(vi — 9)?
= =0.9513

=

);(yi —: )%

RZ=1 —
/10

The measure of the goodness of fit given by norm of residuals is 2.42 x 10*. Here,
the polynomial of degree 9 chosen here is the global which can be focused on the areas
of interest (to be decided by infection part or researchers/doctors interest) and separate
equations can be obtained for each particular area of interest. This gives insight in
mathematical formulation and has been used in the Novel B-Mathematical Modeling
of Respiratory System.

TABLE VII: Data Statistics for Fig. 81(b)

X &
min O 0
max 255 2192 > 10%
mean 1375 5360
median 137.5 616.5
mode 0 O
std deviation 74.05 6870
range 255 | 2492 3<10%
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(c) Error Estimation Plot (d) X-Ray Histogram Equalization
Fig. 81: Distribution of Pixel Intensities in X-Ray,Day4
792
793 The Fig.81(a) shows that X-Ray contrast is improved for analysis when compared with
794 Fig. 1(a). Fig. 81(b) shows the distribution of X-Ray pixel intensities. Fig. 81(c) shows
795 the error estimation plot, which is the plot of the residuals. Fig. 81(d) shows the X-Ray
796 histogram equalization which is the spreading of the intensity values over the full range.
797
798 In Fig. 82, X-Ray Contrast is improved with five local luminances. The original Fig.
799 68(a) X-Ray contrast is improved with four more local luminances by varying the
800 intensity values at low and high intensities. These are shown in Fig 82(a), Fig. 82(b)
801 and Fig. 82(c). In Fig. 82(d), the original Fig. 68(a) X-Ray is contrasted with fifth value
802 of improvement but smoothing technique is applied after it.
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Local Luminance 2

roge Proamang courmey of Abhietek 0 aned ORCED: 0000000045720 I reage Prceasng courteay of Abhihed 1l aned, ORCC: 00000000 2672004

(a) X-Ray Contrast Improved 2 (b) X-Ray Contrast Improved 3

Smoothing

gy Proceacing cautmy of Abhishek Dl ORCD 0000 00030 2572+ I of AbH dhwk e, L 0022572 004

(c) X-Ray Contrast Improved 4 (d) X-Ray Contrast Improved & Smoothed
Fig. 82: X-Ray Contrast Improved with Five Local Luminances,Day4
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6.9. Fuzzy Logic
In this subsection, the images obtained using fuzzy logic edge-detection algorithm
and Fuzzy Inference System (FIS) are given. Two 2-D Convolution are performed. The
x-axis of directional gradient is convolved with x-axis gradients of double-precision X-
Ray obtained in Fig. 68(b) and the X-Ray gradient of fuzzy logic x-axis is given in Fig.
83(a). The y-axis of directional gradient is convolved with y-axis gradients of double-
precision X-Ray obtained in Fig. 68(b) and the X-Ray gradient of fuzzy logic y-axis is

given in Fig. 83(b). The edge detection is shown in Fig. 83(c).
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Fuzzy Logie x axis Fuzzy Logio y axis
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(c) Edge Detection
Fig. 83: Fuzzy Logic,Day4

6.10. K-means Clustering
In this subsection, the popular vector quantization technique of K-Means cluster-
ing is applied to X-Ray. In this technique, firstly CIE XYZ tristimulus technique is
used to know the color information and thus, the information of luminosity layer
"L*, chromaticity-layer "a*” and chromaticity-layer 'b* is obtained. Then every pixel is
clustered with its pixel label and partitioned into three clusters. The clustering obtained
is shown in Fig. 84(a), Vector Quantization Cluster Label. And three clusters Cluster

1, Cluster 2 and Cluster 3 obtained are shown in Fig. 84(b), Fig. 84(c) and Fig. 84(d)
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847 respectively.

Vector Quanfization Cluster Label

irege P roceang cuneey of Aohia ok [l ans, OROD: 0000-0002 357

(a) Vector Quantization Cluster Label (b) Cluster 1

Cluster 2 Cluster3

Ireage Proceaing cartmy of Ahish. Rl ORCD: (000 00% 2575 v age Procating caxmay of Aohishe. Bl ansd ORCO: (000-00G2 25720004

(¢) Cluster 2 (d) Cluster 3

Fig. 84: Vector Quantization K-means Clustering,Day4

848

849

850 In Fig. 85(a), segmentation is applied and Fig. 85(b) and Fig. 85(c) shows respectively
851 the cluster plot and the plot of error estimation, that is, the plot of residuals.
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Segment

o Cluster Plot

artay of Achiahe. Rt ORCE: (000 0082572 6004

(a) Segmentation (b) Cluster Plot

I s D, 7, )

(¢) Cluster Plot Residuals

Fig. 85: Clustering Plot and Segment, Day4

Moving in similar way as in the Subsection-8 and choosing same

(x — 137.5)
74.05

=

we have,

y = —1.465x10* xz% + 1.29 x 10* x 2% + 8.51 x 10* x z7 — 6.144 X 10* X z® — 1.632 X 10° X
22 +8.416 x 10* x z* + 1.101 x 10° x z* — 3.07 x 10* x z2 — 1.052 X 10* X z + 5573

R2=0.3442

and Norm of Residuals = 2.704 x 105

TABLE VIII: Data Statistics for Fig. 85(b)
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X

min 0 0

max 255 | 3.225x 10°
mean 137.5 5360

median 1375 0

mode 0 0
std deviation || 74.05 | 2.091 x 10*
range 255 | 3.225x% 10°

6.11. Morphological Segmentation
In this subsection, known morphological segmentation technique is applied on X-
Rays. Three morphological openings are used. The morphological opening with struc-
turing element of disk shaped with three different radius are shown in Fig. 86(a), Fig.
86(c) and Fig. 87(a). The background approximation images of X-Ray obtained after

subtracting from the original image are shown in Fig. 86(b), Fig. 86(d) and Fig. 87(b).
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Morphological 1 Morphological 1 Approximation
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(a) Morphological Opening 1 (b) Background Approximation Removed
from Fig. 19(a)

Morphological 2 Morphological 2 Approximation
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(c) [Morphological Opening 2 (d) Background y ppruxnnatmn Rcmm'ud
from Fig. 19(c)

Fig. 86: Morphological Segmentation,Day4

Morphological 3 Approximation

image Processing courtesy of Abhishok Barsal ORCID 00000002

(a) Morphological Opening 3 ackground Approxunatlon Rcmm cd
from Fig. 20(a)

Morphological 3

Fig. 87: Morphological Segmentation,Day4
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886

887  6.12. Dehazing Algorithm

888 In Fig. 88(a), the original Fig. 68(a) X-Ray is inverted and the low-light areas and
889 focused and the new X-Ray is obtained. The hazing obtained in Fig. 88(a) is reduced

890 by hazing reduction algorithm.

891
Low Lignht Areas Haze Heduced
(a) X-Ray Inverted & Illuminated (b) Hazing Reduction Algorithm
Haze Reduction invert 1 Haze Reduction Invert 2
-
il >
o
&% N
(c) Dehazing Algorithm (d) Dehazing Algorithm
Fig. 88: Dehazing Algorithm,Day4
892
893
894 On the new X-Ray of Fig. 88(b), dehazing algorithm is applied and its result is in Fig.
895 88(c,d). Fig. 89[a-d] has four more such combinations on which dehazing algorithm is

896 implemented.

897
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g Procsng cantay of Ahichek Bred ORCO 00000000 252 Ireage P cesing cout esy of AbH ek Dareal ORC O 0000 (002 2572 2004

(a) Dehazing Algorithm (b) Dehazing Algorithm

Haze Reducion Invert 5 Haze Reduction Invert 6

BT

o ‘

- \

g Proamaing cartmy of Ahiahek et ORCO 000000022524 Iruage P eceming coutmy of AbH dhwh el ORCD 0000 (002 2572 2004

(c) Dehazing Algorithm (d) Dehazing Algorithm
Fig. 89: Dehazing Algorithm Day4
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902  7.Results: Day 6, PA
903

904 7.1.X-Ray Converted

905 In this subsection, X-Ray(PA) of Day 6 is converted to single precision grayscale and
906 double precision, on which all further image processings will be done. These are shown
907 in Fig. 90.

908

Converted Single Precision Gray Scale Converted Double Precision

Image Pracessing y of Aphishek Bansal.O 2572 Image Pracessing coutesy of Aohisnek Bansal ORGID 000-0002-2572-9004

(a) Single Precision (b) Double Precision

Fig. 90: Converted to Single Precision & Double Precision,Day6
909

910

911 7.2. Double Precision Noise Addition

912 In this subsection, the double precision X-Ray of Day 6 (Fig 90(b)) of the previous
913 subsection is subjected to noises namely Gaussian with variance 0.01, Poisson Noise
914 and speckle noise with variance 0.05. These are shown in Fig. 91.
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DP with Gaussian Noise DP with Poisson Noise

ol

Ve P ecasig couneay of Ahunes. Aansd ORCD 00000000 $572 6 Iraage P ecandng ot eey of Aohishek flanesd, ORC D 00000006 3572 G004

(a) Gaussian Noise (b) Poisson Noise

DP with Specikde Noise

. .
Iroge Procssing caseay d Atha hes Baned ORC C 0000 0002 272 W04

(c) Speckle Noise
Fig. 91: Noises Added to Double Precision,Day6

7.3. Gradient Magnitude and Direction
In this subsection, the gradient of the single precision X-Ray of Day 6 (Fig 90(a)) is
obtained and its magnitude and direction is plotted using methods of Sobel, Prewitt,

central difference and intermediate difference. These are shown in Fig. 92.
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(d) Intermediate Difference

Fig. 92: X-Ray Gradient Magnitude and Direction,Day6
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925  7.4. Directional Gradients

926 In this subsection, the directional gradient of the single precision X-Ray of Day 6 (Fig
927 90(a)) is plotted using methods of Sobel, Prewitt, central difference and intermediate
928 difference. These are shown in Fig. 93.

O W T O A £ &, ket B oo

(a) Sobel Method

(b) Prewitt Method

I

(¢) Central Difference

(d) Intermediate Difference

Fig. 93: Directional Gradients,Day6
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935  7.5. Gaussian Noises & Sobel Gradient

936 In this subsection, the single precision X-Ray of Day 6 (Fig 90(a)) is subjected to

937 Gaussian noise with three variances of 0.01, 0.001 and 0.0001. These are shown in Fig.
938 94. The gradient magnitude of these noisy X-Rays are plotted using Sobel method, which
939 are shown in Fig. 95. The figures of gradient magnitude of Fig. 95 are further smoothed
940 using 2-D Gaussian smoothing. The Gaussian smoothing and central difference gradient
941 are shown in Fig. 96. The Gaussian smoothing and intermediate difference gradient are
942 shown in Fig. 97.

943

SP with Gaussian,variance=0.01 SP with Gaussian, variance=0.001

Irmge Processing careay d Alhisheb B sl OR0 0 (000 (006 2726 Irmage Proceasing coutany of AbH shek Baned ORC D 0000 OO0 557260

(a) Gaussian Variance = .01 (b) Gaussian Variance = 0.001

SP with Gaussian,variance=0.0001

Irage Processing carway d Alhiahek Bl ORC D 0000 0008 272 T04

(¢) Gaussian Variance = 0.0001
Fig. 94: Gaussian White Noise added to Image, Day6
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Sobel Mag,Gaussian variance=0.001

Sobel Mag Gaussian variance=0.01

| rage Procsaang coutay of Abt ek Barasd ORC © 00000000 2672 S04

Imagy Pracomng careay d Athihe B are sl ORO D 0000 (08 2724

(a) Gaussian Variance = (.01 (b) Gaussian Variance = (.001

Sobel Mag, Gaussian varianoe=0.0001

gy Processing carsay d Athahek Barad ORC 0 0000 000G 2724004

(¢) Gaussian Variance = 0.0001
Fig. 95: Gradient of Noisy X-Ray using Sobel Method,Day6
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Smoothed,Central Gauss ian,variance=0.01 Smoothed, Central Gaussian,variance=0.001
0

gy Proceming cousay d Athi e e Al 0RO O 0000008 272 | noge Proosang coutmy of Ab dhed Barand CRC OO0 000 2572 U4

(a) Gaussian Variance = (.01 (b) Gaussian Variance = (.001

Smoothed Central Gaus slan variance=0.0001

Imagy Procssing caumay d Al hek el ) LU G APy L)

(¢) Gaussian Variance = (.0001

Fig. 96: Gaussian smoothing & central difference gradient,Day6
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Smoothed Intermediate,Gaussian, variance=0.01 Smoothed Intermediate,Gaussian variance =0.001

i)

Irage Prceming cameay d Athiahe B sl OR0 O 0000 (000 724 Iraage Proceadng coutmy of AbH shed Banead, CRC O 000D 0000 35572 G004

(a) Gaussian Variance = (.01 (b) Gaussian Variance = 0.001

Smoothed, Inte rmediate Gaus sian variance=0.0001

0!

Inege Prooss ng caneay d Athe hed Ranad ORC O 0000 0002 572 2004

(¢) Gaussian Variance = (.0001
Fig. 97: Gaussian smoothing & intermediate difference gradient,Day6
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7.6. Poisson Noise & Sobel Gradient

In this subsection, the single precision X-Ray of Day 6 (Fig 90(a)) is subjected to

Poisson Noise,Fig. 98(a). The gradient magnitude of Poisson noise X-Ray is plotted

using Sobel method, which are shown in Fig. 98(b). This is further smoothed using

2-D Gaussian smoothing and central difference gradient in Fig. 98(c); and 2-D Gaussian

smoothing and intermediate difference gradient in Fig. 98(d).

SP with Poisson Noise

. n‘i&

¥ru e Pro o ng oty of Al stk Bunsed OAC O 0000 00225724

(a) Poisson Noise added

Smoothed, Central, Poisson

Hi stk B sed CACO 0000000225724

(c) Smoothed by Central Difference

Sobel Mag,Poisson Noise

ey Procsss s courtiey of Abh itk Barseal OGO 000 0-0002-257 20004

(b) Sobel Gradient Magnitude

Smoothed, Intermediate, Poisson

(d) Smoothed by Intermediate Difference

Fig. 98: Poisson Noise & Gradient Magnitude,Day6

7.7. Speckle Noise & Sobel Gradient

In this subsection, the single precision X-Ray of Day 6 (Fig 90(a)) is subjected to

Speckle noise with four variances of 0.05, 0.01, 0.001 and 0.1. These are shown in Fig.
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99[a-d]. The gradient magnitude of these noisy X-Rays are plotted using Sobel method,

which are shown in Fig. 100. These are further smoothed using 2-D Gaussian smoothing.

The Gaussian smoothing and central difference gradient are shown in Fig. 101. The

Gaussian smoothing and intermediate difference gradient are shown in Fig. 102.

SP with Speckle.variance=0.05

F RS X T e X3
Iroge Pracesing casay d Athishe: 0 amal 0RO 0 0000 000G 2726

(a) Speckle Variance = 0.05

SP with Speckievariance=0.001

Iregy Pracesing casmey d Athahs Bl ORG0 D 000 02 2724

(c) Speckle Variance = 0.001

SP with Speckle, variance =001

| g Proces sng court my of AL shek fared, CRCC-0000 0000 3572 G4

(b) Speckle Variance = (.01

SP with Specikie variance=0.1

P S i
b Barapd RCO 000D 0OG T2 SN

(d) Speckle Variance = 0.1

Fig. 99: Speckle Noise added to Image,Day6
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Sobel Mag, Speckie, variance=U.05

o a Pro o g cou by of Al s B sl OAC 0 0000000225724

(a) Speckle Variance = 0.05

Sobel Mag Speckle,variance=0.001

v g Pro oo g courtasy of Al b s Bunsed OAC 0 000000225724

(c) Speckle Variance = 0.001
Fig. 100: Gradient of Noisy X-Ray using Sobel Method,Day6
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Smoothed,Central, Speckle,variance=0.05

)

r o Pro oo g courbesy of Ab b s, Evned ORAC D 0000000225724

(a) Speckle Variance = 0.05

Smoothed,Central Speckle variance=0.001

[

v g Pro oo ng cou ey of Ab b Bvnsed OACI0 000000022572 4

(c) Speckle Variance = (.001

Smoothed,Central Speckle,variance=0.01

)

rruag @ Proois seyg ooty of Abh sdw k B | ORCO 00000002 2572004

(b) Speckle Variance = (.01

Smoothed,Central Speckle,variance=0.1

o @ Prooes sng courbeey of Abh v k B ree | OR GO 000 0-00 (22 -257 29004

(d) Speckle Variance = (.1

Fig. 101: Gaussian smoothing & central difference gradient,Day6
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Smoothed,Infermediate Speckle,vari ance=0.05 Smoothed Interme diste.Speck e variance=0.01
mn
)

Iy Pracssting cansay d Athihe By sl 0RO D MO0 (008 1724 | ruage Procmetng coutmy oE AN ek Bl ORC D 000D 000 2575 G0N
(a) Speckle Variance = 0.05 (b) Speckle Variance = (.01
Smoothed Interm ediste Speckle variances0.001 Smoothed Intermediste, Speckle variance=0.1

0 Proces sng coutmy of Abh ek laned ORC D 00D 0000 2572 04

Irege Procesing caney @ Athishe laealORO D 0000 00 2724

(c) Speckle Variance = 0.001 (d) Speckle Variance = (.1

Fig. 102: Gaussian smoothing & intermediate difference gradient,Day6
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7.8. Pixel Intensities & Contrast
In this subsection, the original X-Ray (without converting to single precision or double
precision) is contrasted for study and analysis.

Let the center fit

_ (x — 147.5)
7405

978 then from polynomial regression

y = 2242 x 2%+ 1964 x z8 — 1.405 x 10* x 27 — 1.145 x 10* X 26 + 2.975 X 10* x 2° + 2.194 x
10% x z* —2.698 x 10* x 2 — 1.881 x 10* x 22 + 1.266 x 10* x z + 1.133 x 10*

Let y be the mean of y, ¥ the calculated values of y, then the coefficient of

determination
;1 (i — 97
R*=1- —— =0.9248
Y(yi — yP

The measure of the goodness of fit given by norm of residuals is 2.145 x 10* . Here,
the polynomial of degree 9 chosen here is the global which can be focused on the areas
of interest (to be decided by infection part or researchers/doctors interest) and separate
equations can be obtained for each particular area of interest. This gives insight in

mathematical formulation and has been used in the Novel B-Mathematical Modeling

of Respiratory System.
TABLE IX: Data Statistics for Fig. 103 (b)
X ¥
min 0 0
max 255 1.516 x 10*
mean 1475 5516
median 147.5 4980
mode 0 0
std deviation || 74.05 4898
range 255 | 1.516 x10*
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16000 | 4
14000

12000

Fmage Pecaaip cunesy of Abhihes Dared OROD 0000 000G & S0 o 150 [0

(a) X.Ra)r Contrast Impro\wed Iy Micteilhaibinn Af Dival Tataancitine

000 iy 25F 1

Y €O =0 200 250

0 E Y o

20 =0

(c) Error Estimation Plot (d) X-Ray Histogram Equalization
Fig. 103: Distribution of Pixel Intensities in X-Ray,Day6

The Fig.103(a) shows that X-Ray contrast is improved for analysis when compared with Fig. 1(a).
Fig. 103(b) shows the distribution of X-Ray pixel intensities. Fig. 103(c) shows the error
estimation plot, which is the plot of the residuals. Fig. 103(d) shows the X-Ray histogram

equalization which is the spreading of the intensity values over the full range.

In Fig. 104, X-Ray Contrast is improved with five local luminances. The original

Fig. 90(a) X-Ray contrast is improved with four more local luminances by varying the
intensity values at low and high intensities. These are shown in Fig 104(a), Fig. 104(b)
and Fig. 104(c). In Fig. 104(d), the original Fig. 90(a) X-Ray is contrasted with fifth value

of improvement but smoothing technique is applied after it.
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Local Luminance 2

a0 k.
e Pocaury oy of Acharwh Bl CROD 0000002 4572 Puge Pecad iy autedy of Aok el ORC 000000000 2672 4004

(a) X-Ray Contrast Improved 2 (b) X-Ray Contrast Improved 3

Smoothing

1
|rgp Procasing caurey d Athiahed [ aeal ORQ D 0000 0000 2724 | nenge Proces g courtay of AbH drek laned (RC 0 000D 0000 2572 G4

(c) X-Ray Contrast Improved 4 (d) X-Ray Contrast Improved & Smoothed

Fig. 104: X-Ray Contrast Improved with Five Local Luminances,Day6
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1008  7.9. Fuzzy Logic

1009 In this subsection, the images obtained using fuzzy logic edge-detection algorithm
1010 and Fuzzy Inference System (FIS) are given. Two 2-D Convolution are performed. The
1011 x-axis of directional gradient is convolved with x-axis gradients of double-precision X-
1012 Ray obtained in Fig. 90(b) and the X-Ray gradient of fuzzy logic x-axis is given in Fig.
1013 105(a). The y-axis of directional gradient is convolved with y-axis gradients of double-
1014 precision X-Ray obtained in Fig. 90(b) and the X-Ray gradient of fuzzy logic y-axis is
1015 given in Fig. 105(b). The edge detection is shown in Fig. 105(c).

Fuzzy Logic x axis Fuzzy Loglc y axis

100 100

2m 200

L] 300
a0 400
00
600
100 200 300 reage Procidihg coutesy 9l s ek parefd oo 0000 b2 004 100 200 30 g Procdlly courwy @ Wi ek o Bhc 000 0 072 004

(a) x axis (b) y axis

Fuzzy Logic Edge Detection
T T T

T T

200

mr 1

400 ¢

500 F

sk X L L 2 L L : -
100 0 30 0h v o Procihllll g courm . kst Bl Ko 0000 68272 2004

(c) Edge Detection

Fig. 105: Fuzzy Logic,Day6
1016

1017  7.10. K-means Clustering
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In this subsection, the popular vector quantization technique of K-Means cluster-

ing is applied to X-Ray. In this technique, firstly CIE XYZ tristimulus technique is

used to know the color information and thus, the information of luminosity layer

"L*, chromaticity-layer ‘a* and chromaticity-layer ‘b* is obtained. Then every pixel is
clustered with its pixel label and partitioned into three clusters. The clustering obtained
is shown in Fig. 106(a), Vector Quantization Cluster Label. And three clusters Cluster

1, Cluster 2 and Cluster 3 obtained are shown in Fig. 106(b), Fig. 106(c) and Fig. 106(d)

respectively.

Vector Quantization Cluster Label Cluster 1

1Ty e

Pecaning couway of Abhished arad OROE 00000000 3475 o000 P Eceating courieey of A hok Bant & ORCD 000 0003 247 6008

(a) Vector Quantization Cluster Label (b) Cluster 1

Cluster 2 Cluster3

CROC 0000000 2575 It 10 P ecoating couneay of Ahis vk e 4 ORCID 0000 0003 257 0008

I mge Procesting cournesy of Ak

(c) Cluster 2 (d) Cluster 3

Fig. 106: Vector Quantization,K-means Clustering,Day6

In Fig. 107(a), segmentation is applied and Fig. 107(b) and Fig. 107(c) shows respec-

tively the cluster plot and the plot of error estimation, that is, the plot of residuals.
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Segment

10 Cluster Plot
T T T

¥7ea o Proce ssen g courtesy of Al ek Burseal OR G0 000 0-00 (02257 290040

(a) Segmentation (b) Cluster Plot

A residuals
5

J‘J 50 100 150 200 250
(c) Cluster Plot Residuals

Fig. 107: Clustering Plot and Segment,Day6

1029
1030 Moving in similar way as in the Subsection-8 and choosing same
__(x —147.5)
T 7405
1033
1034 we have,
y = —7238x2° +8947 x 28 +3.917x 10* x 27 —4.471 x 10* X z° —7.035 x 10* X 2° + 6.906 X
10* x z* +4.169 x 10* x z3 — 3.767 x 10* X z2 — 1211 x z + 1.086 x 10*
1035
1036 R2=0.3247
1037 and Norm of Residuals = 1.806 x 105
1038 TABLE X: Data Statistics for Fig. 107(b)
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1039

1040 | | x [ Y |

1041 | min | o | 0 |

igfé max 255 | 2.108 x 10°

1044 mean 147.5 5516

1045 median 1475 3735

1046 mode 0 0

igjg std deviation || 74.05 | 1.376 x 10*

1049 range 255 | 2.108 x 10°

1050

1051

1052

1053

1054

1055  7.11. Morphological Segmentation

1056 In this subsection, known morphological segmentation technique is applied on X-

1057 Rays. Three morphological openings are used.

1058

1059 The morphological opening with structuring element of disk shaped with three different radius
1060 are shown in Fig. 108(a), Fig.108(c) and Fig. 109(a). The background approximation images of
1061 X-Ray obtained after subtracting from the original image are shown in Fig. 108(b), Fig. 108(d)
1062 and Fig. 109(b).

1063
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Morphalogical 1

Morphological 1 Approximation

© unesy of Abhishek B 4 ORCDL 1y Cou ey of Aobit ok Rl ORC 00000000, 0 3572 9004

ical Opening 1 (b) Background Approximation Removed
from Fig. 19(a)

(a) Morpholog

Morphalogical 2 Morphological 2 Approximation

0 ey of Aok Raced ORCD D0000002 §572 4 Prcmag cutes of Ahutes Gane, ORC 00000 0003 2675 4004

(c) [Morphological Opening 2 (d) Background Approximation Removed

from Fig. 19(c)

Fig. 108: Morphological Segmentation,Day6

1064
Morphological 3 Morphological 3 Approximation
(a) Morphological Opening 3 (b) Background Approximation Removed
from Fig. 20(a)
Fig. 109: Morphological Segmentation,Day6
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7.12. Dehazing Algorithm

In Fig. 110(a), the original Fig. 90(a) X-Ray is inverted and the low-light areas and

focused and the new X-Ray is obtained. The hazing obtained in Fig. 110(a) is reduced

by hazing reduction algorithm.

Low Light Areas

|rage Pracesing caxway  Athishe Bl am alORC D 0000 0006 Z726

(a) X-Ray Inverted & Illuminated

Haze Reduction invert 1

Q.\,

/

« .

P ¥ l)‘
_ '-3.:.\1”(

A¢

b

Iruage Procescing carmay d Athi b B sl ORO D (000 0002 126

(c) Dehazing Algorithm

Haze Reduced

Iruage Procmsing coutmy ofA b shek Bared, CRCID 0000 0000 5572 G004

(b) Hazing Reduction Algorithm

Haze Reduction invert 2

W— et |
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Fig. 110: Dehazing Algorithm,Day6

On the new X-Ray of Fig. 110(b), dehazing algorithm is applied and its result is in

Fig.110(c,d). Fig. 111[a-d] has four more such combinations on which dehazing algorithm

is implemented.
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8. Conclusion & Future Work

The author using various tools and techniques invested his time in order to help
doctors or researchers and pharmacologists. The author has successfully presented his
image processing results and shown different possible images that can be obtained for

analysis and studying ailment.

Though there are already established straightforward rules to read X-rays, e.g. dark
gray areas, light area, distances,penetration,adequacy of inspiration,silhouette sign etc.,

which are adequate; these submitted further processed images can help doctors in
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diagnosing and understanding deeper the phenomenon when the infection causes are
different. Thus, these can help in the research of new medicine or treatment and can
be used in designing of machine or therapy. It also gives researchers a perspective in

deciding which image processing technique will not work at all, saving their time.

The submitted image processing results reveal certain patterns which are represented

in mathematical form and can be used in the testing of machines. The polynomial fitting
equations show the global formulation of complete lungs with various ailments is not
possible mathematically whereas the local area (which would of interest) can be more
accurately expressed in mathematical equations. The submitted mathematical equations
can be more analysed with comparative study on other infections of lungs which the
author may submit in future work. The author has used these in his novel model- Novel
B-Mathematical Modeling of Respiratory System and Novel B-Bio Models Theory (to

be submitted in few months or 20-30 years or never).

It must be also noted that the clinical usefulness is not claimed in these results. As author
has already mentioned, many researchers/post-doctorate fellows/clinical doctors, are
performing same tasks which even the source[1] reveals, the author has submitted his work in

this research paper.
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