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 Chest x-ray medical images are widely used for diagnostic purposes 

for several reasons including it available, attainable  and excellent imaging 

of hard tissues like bones, but there is difficulty in imaging of the soft 

tissues, moreover the saturated colour of the x-ray image causing intricacy 

to read it, therefore, turned attention to the colorization process  which can 

be used to transform the grayscale medical images to the colour medical 

images. 

In this paper, a new pseudo-coloring method proposed for colorizing 

the frontal chest x-ray medical images which are very important for disease 

detection and recognition. The key idea of this method is applying different 

and various experimental mathematical equations on the proposed medical 

sample image, which it belongs to the patient with Hydatid cyst parasite 

disease in the lung. The counterfeit coloring had intense contribute in 

enhancing of the visual attractiveness of medical images, the output 

colored images have a better visual description, it has a possibility to 

describe hidden information better than a conventional monochromatic 

image, this is an excellent indicator of the algorithm's suitability for the 

purpose for which it was formulated. 

DIO.: http://dx.doi.org/10.31257/2018/JKP/2019/110112  

Keywords:  

Colorization Process 

Chest X-Ray Medical Images  

Colour Image  

 تلوين صورة الأشعت السينيت الصذريت الأماميت باستخذام معادلاث رياضيت تجريبيت متنوعت

 كوثر حسن صاحب الخفاجي                                      ليلى عبذ الجليل محسن                                     

 جاهعح الكْفح / كل٘ح الرشتح للثٌاخ

 ح:ـــلاصـــخ  ــــال  الكلواخ الوفراح٘ح:

 عول٘ح الرلْٗي

 صْس الأشعح السٌ٘٘ح الصذسٗح

 الصْسج الولًْح

ذسرخذم صْس الأشعح السٌ٘٘ح الطث٘ح الصذسٗح علٔ ًطاق ّاسع لإغشاض الرشخ٘ص الطثٖ ُّذزا  

ٗعْد لعذج أسثاب هٌِا كًِْا هراحح ّسِْلح الْصذْ  للِ٘ذا ّأٗعذاا لاتل٘رِذا الوورذاصج فذٖ ذصذْٗش أًسذ ح 

علذٔ رلذك عذلاّج ّلكي ٌُالك صعْتح فٖ ذصْٗش الأًس ح الشخذْج تِذزٍ الرمٌ٘ذح ، ال سن الصلثح كالعظام

للٔ عول٘ذح  ذحْ  الاًرثاٍ لزلك  ،لى الألْاى الوشثعح لصْس الأشعح السٌ٘٘ح ذرسثة فٖ ذعم٘ذ عول٘ح لشاءذِا

 للٔ صْس غث٘ح هلًْح.  حالشهادٗ اخراخ الرذسجالرلْٗي ّالرٖ ٗوكي هي خلالِا ذحْٗل الصْس الطث٘ح 

لرلذْٗي الصذْس الطث٘ذح الصذذسٗح  فٖ ُزٍ الْسلح الثحث٘ح ذذن الرذشاط غشٗمذح جذٗذذج للرلذْٗي الضا ذ 

لى . الأهاه٘ح الولرمطح ترمٌ٘ح الأشعح السٌ٘٘ح ُّذٖ هِوذح جذذا فذٖ عول٘ذح الكشذ  عذي الأهذشاض ّذو٘ضُذا

الفكشج الش ٘س٘ح لِذزا الثحذه ُذٖ ذطث٘ذك عذذد هذي الوعذادلاخ الشٗاظذ٘ح الر شٗث٘ذح علذٔ الصذْسج الطث٘ذح 

ّلذذ سذاُن الرلذْٗي الوضٗفذ  فذٖ الومرشحح ّالرٖ ذعْد لوشٗط هصاب تك٘س ها ٖ غف٘لٖ فذٖ الش ذح. فذٖ 

ش ٖ أفعل ، ّلذِٗا لِا ّص  ه الٌاذ ح الصْس الولًْحذعضٗض ال ارت٘ح الثصشٗح للصْس الطث٘ح، كوا أى 

، ّٗعذذ ُذزا هرشذش ْص  الوعلْهاخ الوخف٘ح تشكل أفعل هذي الصذْس أحادٗذح اللذْى الرمل٘ذٗذح رلهكاً٘ح ل

 .هوراص علٔ هذٓ هلا وح الخْاسصه٘ح الومرشحح للغشض الزٕ ّظعد لأجلَ

mailto:Kutherh.kafajy@uokufa.edu.iq
http://dx.doi.org/10.31257/2018/JKP/2019/110112
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1. INTRODUCTION 

Medical images have a significant function 

in detecting and diagnosing diseases in the 

human body and living organisms in various 

medical fields, and they are able to examine 

complicated and sophisticated interior 

biological processes [1]. add to that it contains 

priceless anatomical information about clinical 

procedures[2].The most prominent types in the 

medical images are x-ray, ultrasound, magnetic 

resonance imaging(MRI)  and computed 

tomography,  magnetic resonance 

imaging(MRI), all those types usually come in 

grayscale which has only 256 gray shades 

variations, in other words, the color information 

has been overlooked in medical image analysis 

applications, this is because they are 

monochrome imaging models, and since colour 

is a powerful tool to increase the quality  of 

information display [3][4], therefore, the 

researchers  had to utilized the colorization 

technology[5]. 

The colorization is a novel image 

processing field [6], it's the process through 

which it can be added colour to black and white 

pictures. This process used to convert grayscale 

medical image into colour medical image, since 

the colour increase a visual appeal of images 

and it make the medical visualization more 

interesting. alterations in colour are more easily 

noticed than alterations in shades of gray, 

therefore,  this procedure makes the explanation 

and understanding of the images much easier, 

and expectantly make the images more 

readable[7].In addition, the information content 

of some medical images can be perceptually 

enhanced with colour by exploiting variations in 

chromaticity as well as luminosity [6][8]. 

2. SYSTEM OVERVIEW 

Colour perception is a specific 

psychophysiological process that occurs in the 

human's brain. The peculiarities of the human 

visual system tend to perceive the information's 

more easily in colour. In medical fields, color 

can be important because it increased detection 

ability, allows the radiologist to explain the 

images in more details, and diagnostic 

preciseness. Chest x-ray test consider as the 

most important prominent in diagnosis and 

detecting many lung diseases, the colors of x-

ray images are white and black or shades of 

gray (monochrome image),  the bone and metal 

will appear white because it blocks the most of 

x-ray particles, the structures how containing air 

will be black, but the muscle, fat, and fluid will 

appear as shades of gray. Therefore, the current 

trend is to adding colour to those type of images 

to enhance the visibility of details and reduce 

the complexity of read it, and enhancing the x-

ray image in the same time, which is the aims of 

this work. 

3. IMAGE ACQUISITION 

This work is carried out in Matlab R2012b, 

and the test image is a chest x-ray medical 

image downloaded from source[9]. It belongs to 

the patient with  Hydatid Cysts disease. The 

input image is a gray level image (monochrome 

image). 

 

Figure.1  The original chest x-ray image 

4. Mathematical Morphology 

In any colour pattern, there must be three 

channels for the new colored pixel and 

accordingly, there must be three mathematical 

functions that transform the value of those 

channels. In each channel, the range of values it 

should be between 0 and 1. The three results are 

integrated together as a red, green and blue 

channel to produce a colored image. The 
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resulted image color content is adjusted by the 

type of a transformation function, the general 

formula of the experimental coloring equation it 

was dealing with it previously in [10]: 

  (   )  [

|     (   )|

|     (   )    |

|     (   )   |
]  ( ) 

 

Where, 

  (   ) the output colouring image. 

  (   ) the initial processed image. 

   the frequency coefficient. 

   the phase coefficient. 

   is the Optional empirical coefficient. 

 

In this specific research, mathematical 

functions are utilized to perform the required 

transformation from grayscale to color. This 

includes representation the right parts of the 

equation.1 in terms of fundamental 

trigonometric functions were used as a 

transformation function, Sine and cosine 

functions are used in each channel where the 

gray value  are transformed.  

The idea underlying this approximation is 

to perform three individual transformation  of a 

gray level of an input pixel, to achieve more 

acceptable results. 

 

5.Proposed Methodology 

In this section, the proposed algorithm of 

chest x-ray medical image coloring will be 

applied and discussed, the algorithm stages are:- 

Step1: Image acquisition. 

Step2: Intensity adjustment of images. 

Step3:Convert the resulting image to 

double precision image. 

Step4: Input three parameters . 

Step5: Expression of the original image in 

terms of the parameters. 

Step6:Expression the  mathematical 

equations in terms of trigonometric functions. 

Step7: Change the trigonometric functions 

or the mathematical operations or both. 

Step8: Colouring chest x-ray image. 

 

6. The Flow Chart of X-Ray Coloring 

Algorithm 

Figure(1) shows The basic algorithm 

stages:- 

 

Figure.2  The Flowchart of Coloring Algorithm 

 

7. The Framework and Experimental 

Results 

In this work, implementation of every 

stage of the algorithm listed in section.5 to 

 Image 
Acquisition 

 

Image Intensity  
Adjustment   

 

Input Three Parameters   
𝓕 , 𝜬 ,   

Convert The Resulting 
Image to Double Image 

 

Expression The Chest X-Ray Image 
In Terms Of The Parameters 

 

Cancellation the absolute 
value function 

Colouring  Chest X-Ray 
Medical Image 

Changing The 
 Mathematical Operations 
 

Expression The  Mathematical 
Equations In Terms of 

Trigonometric Functions 
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provide the x-ray images with artificial 

colors specific colour or mixture of colors 

using sub equations composite from 

equation(1) by changing both trigonometric 

functions and mathematical operations. 

This sort of change has a wide impact on 

the output images. The change comprises 

changing trigonometric functions and 

mathematical operations or both alteration 

in each one of the previous equations, In all 

experimental attempts to coloring the 

medical images the coloring experimental 

equation coefficients were assigned to take 

the following values :- (  = 0.9,   =0.2, 

and   =0.5). The coefficients values have 

been selected by trial(exploratory). 

8. Sine and Cosine Transformation:- 

8.1.A. Previously an effective 

algorithm for image colour enhancement 

was introduced and the coloring images 

was a sub-product of the algorithm[6]. The 

right parts in all set of the triple equations 

in the main coloring experimental 

equation(1) will be represented through 

trigonometric functions (sin, cosine ) as 

transformation functions, the output colour 

image is shown in Figure3(a, c):- 

 

  (   )  [

|    (     (   ))|

|    (     (   )    )|

|    (     (   )   )|
] ( ) 

  (   )  [

|    (     (   ))|

|    (     (   )    )|

|    (     (   )   )|
] ( ) 

 

8.1.B. Canceling absolute value 

functions of the right parts in all set of a 

triple equation, and perform this procedure 

in all of a previous equations(2,3). The 

newly equations and the output images are 

shown in Figure3(b, d):- 

 

  (   )  [

    (     (   ))

    (     (   )    )

    (     (   )   )

]  ( ) 

 

  (   )  [

    (     (   ))

    (     (   )    )

    (     (   )   )
] ( ) 

Figure.3  (a) colored image by apply equation.2 (b) The colored image after cancelling the absolute value 

functions in the equation.2,(c) colored image by an apply equation.3,(d) The colored image after cancelling 

the absolute value functions in equation.3 

8.1.C. Cancellation of the absolute 

value functions in one or two set of 

equation(2,3) produces new equations, the 

output images are shown in Figure (4):- 

 

  (   )  [

    (     (   ))
|    (     (   )    )|

|    (     (   )   )|
] ( ) 

 

  (   )  [

|    (     (   ))|

    (     (   )    )
|    (     (   )   )|

] ( ) 

 

-a-                                     -b-                                       -c-                                  -d- 
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Figure.4  The colored output images (a) colored output image by applying equation (6),(b) colored 

output image by applying equation (7) ,(c) colored output image by applying equation (8), (d) colored 

output image by applying equation (9), (e) colored output image by applying equation(10),(f) colored 

output image by applying equation (11), (g) colored output image by applying equation (12), (h) colored 

output image by applying equation (13),  (i) colored output image by applying equation (14) , (j) colored 

output image by applying equation (15), (k) colored output image by applying equation (16), (l) colored 

output image by applying equation (17).
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Figure.4  The colored output images (a) colored output image by applying equation (6),(b) colored output 

image by applying equation (7) ,(c) colored output image by applying equation (8), (d) colored output 

image by applying equation (9), (e) colored output image by applying equation(10),(f) colored output 

image by applying equation (11), (g) colored output image by applying equation (12), (h) colored output 

image by applying equation (13),  (i) colored output image by applying equation (14) , (j) colored output 

image by applying equation (15), (k) colored output image by applying equation (16), (l) colored output 

image by applying equation (17). 
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8.1.D. Changing mathematical 

operations i.e. the elementary arithmetic 

operations (+,-,×,÷) that connect the 

variables in equations(2,3), or exclusion 

one of the parameters produces new 

equations, the output images are shown in 

Figure (5) and Figure (6):- 
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Figure.5  The colored output images (a) colored output image by applying equation (18),(b) colored output 

image by applying equation (19) ,(c) colored output image by applying equation (20), (d) colored output image 

by applying equation (21), (e) colored output image by applying equation(22),(f) colored output image by 

applying equation (23), (g) colored output image by applying equation (24), (h) colored output image by 

applying equation (25),  (i) colored output image by applying equation (26) , (j) colored output image by 

applying equation (27), (k) colored output image by applying equation (28), (l) colored output image by applying 

equation (29),(m) colored output image by applying equation (30) ,(n) colored output image by applying 

equation (31) ,(o) colored output image by applying equation (32) ,(p) colored output image by applying 

equation (33). 
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image by applying equation (27), (k) colored output image by applying equation (28), (l) colored output 

image by applying equation (29),(m) colored output image by applying equation (30) ,(n) colored output 

image by applying equation (31) ,(o) colored output image by applying equation (32) ,(p) colored output 

image by applying equation (33). 
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Figure.6 The colored output images (a) colored output image by applying equation (34),(b) colored output image 

by applying equation (35) ,(c) colored output image by applying equation (36), (d) colored output image by 

applying equation (37), (e) colored output image by applying equation(38),(f) colored output image by applying 

equation (39), (g) colored output image by applying equation (40), (h) colored output image by applying 

equation (41),  (i) colored output image by applying equation (42) , (j) colored output image by applying 

equation (43), (k) colored output image by applying equation (44), (l) colored output image by applying equation 

(45),(m) colored output image by applying equation (46) ,(n) colored output image by applying equation (47) 

,(o) colored output image by applying equation (48) ,(p) colored output image by applying equation (49). 

9. Discussion 

The output colored images produced by 

sine transformation are different than those 

produced by cosine transformation, in terms of 

the way the structure of the organs appears, this 

can be easily observed through the experimental 

results. In either way, the original chest x-ray 

images acquire false colors or so-called 

(pseudo-coloring). The pseudo-coloring gives 

non-real colors to the original grayscale images, 

this meaning it is not automatic colorization. 
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Figure.6 The colored output images (a) colored output image by applying equation (34),(b) colored output 

image by applying equation (35) ,(c) colored output image by applying equation (36), (d) colored output 

image by applying equation (37), (e) colored output image by applying equation(38),(f) colored output image 

by applying equation (39), (g) colored output image by applying equation (40), (h) colored output image by 

applying equation (41),  (i) colored output image by applying equation (42) , (j) colored output image by 

applying equation (43), (k) colored output image by applying equation (44), (l) colored output image by 

applying equation (45),(m) colored output image by applying equation (46) ,(n) colored output image by 

applying equation (47) ,(o) colored output image by applying equation (48) ,(p) colored output image by 

applying equation (49). 
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The proposed algorithm has resulted in a 

significant perception of images, where various 

parts such as (lung, ribs, rib cage, tissues, 

muscles, and spine)were visualized clearly. 

Throughout the process, the structure of images 

remains the same, and this indicates the 

intensity of the original grayscale images is 

constantly preserved, and it is made possible 

restoration of fine detail in x-ray images. 

Cancellation the absolute value functions 

(section 8.1.C), In case of both sine and cosine 

transformation the images are coloring in 

almost identical colors, but not for the same 

organs, as it is clearly through the Figure.4. 

While in section 8.1.D, considered that the 

method of changing mathematical processes 

was random and not subject to a particular 

pattern, as a result, the output images were 

different in each case, as it is clearly through the 

Figure.5 and Figure.6. 

 

10. Conclusions 

Earlier, an efficient algorithm for image 

colour enhancement is introduced which 

enabled us to got the image colorization as a 

sub-result of the basic algorithm depending on 

changing the values of the main experimental 

equation coefficients. 

In this paper, we have changed the previous 

algorithm to make it suitable for the intended 

purpose(image colouring), therefore, 

innovational colorization method has been 

presented based on applying sine transformation 

and cosine transformation, then change the 

general formula of the basic mathematical 

equations, the main purpose is making the 

disease detections and recognition process more 

easily and smoothly for medical radiologists 

and for specialists in this fields, In this work 

two medical applications it was obtained: 

colorization of medical gray scale images and 

distinguish the Cyst from the rest of the human 

chest organs conspicuously by giving them 

distinctive colour. The x-ray output colour 

images have gained more than three colours, in 

such a way that each organ of a particular 

intensity is colored differently than the other 

organs, where different parts like tissues, lung, 

ribs, and spine were visualized distinctly. The 

output images contained almost all of the 

following colour Categories: (cool colours, 

primary colours, basic colours, secondary 

colours, intermediate colours, complementary 

colours, analogous colours, neutral colours, 

saturated colours, cold colours, warm colours, 

dark colours). The experiment results indicate 

that the presented colorization algorithm 

produce innovative fascinating results, and it 

can be used in the visualization detection, and it 

also makes the medical visualization more 

interesting. 
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