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Abstract:  
     Plasma physics and digital image processing technique (DIPT) were utilized in this 

research to show the effect of the cold plasma (plasma needle) on blood cells. The 

second order statistical features were used to study this effect. Different samples were 

used to reach the aim of this paper; the patients have leukemia and their leukocytes 

number was abnormal. By studying the results of statistical features (mean, variance, 

energy and entropy), it is concluded that the blood cells of the sample showed a good 

response to the cold plasma. 
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Introduction: 
The ions and neutral particles 

have the same temperature, while the 

electron temperature rises much more, 

in cold plasma, most of the processed 

energy is converted into electrons in the 

plasma and this produces effective 

electrons rather than heat the gas as a 

whole, because the ions and neutral 

atoms remain relatively cool. This 

feature will enable us to use the cold 

plasma in processing thermally sensitive 

materials Such as: polymers, and 

biological tissue[1,2]. Recently, non-

thermal plasma for medical application 

was classified into ‘direct’ plasma and 

‘indirect’ plasma. Direct plasma is the 

one which is ignited directly on the 

human body using a dielectric-covered 

high voltage electrode where the human 

body or the living tissue acts as the 

counter electrode. On the other hand, 

indirect plasma is generated remotely, 

and the plasma effluent reaches the 

treated surface which carries the active 

species to the site of treatment. Direct 

plasmas generated at specific conditions 

can be effective for therapeutic 

applications like enhancing wound 

healing process, therapy of skin 

diseases, skin disinfection, blood 

coagulation, etc[3-6]. 
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Medical images refer to the techniques 

and processes that are used to produce 

images of various parts of the human 

body for clinical aims. The medical 

image processing attempts to give 

information about the inter-structure 

such as skin, bones and blood cell; it 

also helps to diagnose the disease and 

give the right treatment. 

 

Aim of the work 
This study aims to investigate the effects 

of the cold Plasma on the exposed blood 

samples of cells affected by leukemia. 

Image texture Analysis was utilized in 

this research to reach the best of 

exposure time. The Plasma used in this 

study was generated by plasma needle.   

 

Methodology  
Thresholding: 

Thresholding is utilized to segment an 

image by tuning all pixels whose 

intensity values are above a threshold to 

a foreground value and all the residual 

pixels to a background value. Whereas 

the traditional thresholding operator 

utilizes a global threshold for all pixels, 

adaptive thresholding alters the  

threshold dynamically over the image. 

[7] 

 

𝑖𝑚𝑔(𝑥, 𝑦) = {
1     𝑖𝑓  𝑖𝑚𝑔(𝑥, 𝑦) ≥ 𝑇

0      𝑖𝑓 𝑖𝑚𝑔(𝑥, 𝑦) < 𝑇
} … (1) 

 

Where img(x,y) is the  resulted image 

after thresholding. (T) represents 

threshold value, which is selected to 

divide the image pixels into several 

classes to detach the objects from the 

background. 

 

Second Order statistical Features 
In this case, the random 

experiments become two-dimensional, 

and probability density function can be 

calculated using the second-order 

histogram [8]. 

The classification of texture features is 

based on some criteria that can be 

obtained from co-occurrence matrices. 

The features which have been calculated 

are[9] :- 

1.Contrast: 

It can be defined as the variance in 

perceived brightness. Detection of a 

bright spot is based not only on the 

brightness, interval (in time), and size 

(in space) but also on the contrast 

between the surrounding background 

and the spot. This feature measures the 

image contrast (locally gray-level 

variations) as the linear dependency of 

gray-levels of neighboring pixels 

(similarity). Usually the high value 

means the scale of local texture that is 

larger than the distance [10], The 

contrast of the image at point x,y is 

obtained by[11] 

  𝐶𝑜𝑛𝑡𝑟𝑎𝑠𝑡 = ∑ ∑ (𝑖 − 𝑗)2𝑝(𝑖, 𝑗) … (2)

𝑁g−1

𝑗=0

𝑁g−1

𝑖=0

 

2. Correlation: 

 The correlation is 1 or -1 for a perfectly 

positively or negatively correlated 

image Correlation is null for a constant 

image. It is given by formula [12,13] 

                 R (x,y) 

=
∑ ∑ 𝑓(𝑢,𝑣)𝐼(𝑢+𝑥,𝑣+𝑦)𝑛2−1

𝑣=0
𝑛1−1
𝑢=0

∑ ∑ 𝑓2𝑛2−1
𝑣=0

𝑛1−1
𝑢=0 (𝑢,𝑣)

   …. (3) 

For this reason, correlation function R, 

difference image Id in certain direction 

d= (∆𝑥, ∆𝑦)                           I (u,v)=sub 

image 

𝑓d(𝑥, 𝑦) = 𝑓(𝑥, 𝑦) − 𝑓(𝑥 + ∆𝑥, 𝑦 + ∆𝑦) … (4) 

Where 

n1, n2=window size 

f (x,y)= Original Image  

R(x,y)= The resulted image (correlation 

image)  

3.Homogeneity 

This feature is utilized to quantify 

spatial variation of pixel gray level or 

intensity that forms the textural pattern. 

This feature is utilized for texture 

classification and it is formulated as [14] 

 𝐻𝑜𝑚 = ∑ ∑
(𝑃𝑖,𝑗)

1+ǀ𝑖−𝑗ǀ

𝑁g−1
𝑗=0

𝑁g−1
𝑖=0     ... (5) 

http://homepages.inf.ed.ac.uk/rbf/HIPR2/threshld.htm
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Where Ng  represents the number of 

gray level in the image, where equal to  

256. W. 

(pi, j) is called the gray-level or intensity 

of the image at that point and represents 

the image that is classified into two-

dimensional function, where i and j are 

spatial coordinates.  . 

4.Energy 

 The energy value is high. This means 

that the skin is flat and their tissue is 

homogenous. The Entropy value is 

inversely proportional to the 

energy[15,16].  

𝐸 = ∑ 𝑃(𝑖, 𝑗

255

𝑖,𝑗=0

)2        … (6) 

Experimental:  
Plasma needle is a type of non-

thermal glowing discharge which works 

under normal atmospheric pressure and 

is composed of a single pole or two 

poles, one is called the cathode, and the 

other is called anode, it works on noble 

gases.  (Figure 1) shows the plasma 

needle. One of the important 

characteristics of this type of plasma is 

that it is approximate to room 

temperature and operates at normal 

atmospheric pressure. It operates in 

helium, argon, nitrogen and mixtures of 

He with air. Electrical measurements 

show that plasma needle operates at 

relatively low voltages (200–500 V 

peak-to-peak) and the power 

consumption ranges from tens of mile-

watts to at most a few watts. In this 

work the argon gas is used to generate 

the plasma needle and the flow rate is 

2.8. Plasma jet system includes four 

main parts: 

1. The source of alternating high 

voltages. 

2. Plasma jet. 

3. Argon gas. 

4. Flow meter. 

 
Fig. (1) Schematic diagram of the 

plasma needle 

 

Blood Sample: 
The blood samples are taken for 

different living patients with leukemia. 

The normal range of the leukocytes is 

between (4000_10000). Different 

samples were used to reach the aim of 

this paper. The search deals with these 

samples after exposing them to the cold 

plasma which is produced by needle for 

different times. studying the effect of 

cold plasma on the texture of blood 

samples. The exposure duration started 

from (5 sec.) up to (20 sec.); the time 

increasing with different steps. Images 

are taken for each sample during the 

time exposure. These images are 

illustrated in figures (2, 3). To enhance 

the obtained images, a digital image 

processing is applied for the 

segmentation process in order to help in 

separating the glass of the slides which 

is used to prepare the sample from the 

blood texture. The color image must be 

converted to the gray scale image in 

order to apply the segmentation process, 

also to study the texture response to the 

plasma. The threshold is applied to 

separate the background of the slides 

from the blood texture, then the co-

occurrence matrix is applied to study the 

texture properties.  

B (X, Y ) = [
1   If    f (x, y) > T 
 0   If   f (x, y)  ≤ T 

] …(7) 

                    

Where T is a threshold value, f(x, y) is 

the input image and B(x,y) is the 

resulting image. The output is binary 
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image with (0 and 1) as shown in figures 

(2 and 3). 

 

Results and Discussion:  

Table (1) and figure (4) represent a 

contrast value since the clarity of the 

image depends on the contrast intensity 

in the gray level between adjacent image 

points, then the value of contrast when it 

is high means that the samples of blood 

are not pure in its texture. In sample 1, 

the value of contrast decreases with time 

of exposure to cold plasma down to 

(13sec.) its value started to increase with 

time exposure. In Sample 2, the value of 

contrast show no response to the cold 

plasma, in second 10 the value started to 

decrease. This mean that the sample will 

change in its texture during the exposure 

to plasma. Sample 3 shows roughly the 

changes in the value of contrast that 

increases with time, so does sample 4. 

Table (2) and figure (5) represent the 

correlation value, sample 1 the value of 

correlation increase with time exposure 

at (13 sec.) its value started to decrease. 

So does sample 2. Sample 4 show 

roughly decrease in the value of 

correlation with time exposure 

(approximately constant) until reach 

second 18 the value started to increase. 

Sample 3 the value decrease with time 

exposure to cold plasma increase, where 

the correlation represented the higher 

connection between the pixels. Table (3) 

and figure (6) represent the homogeneity 

value, the homogeneity value of all 

samples shows small effect to the 

plasma exposure. Where the 

homogeneity gives indication about the 

purity of the texturethe purist texture the 

higher the value of Homogeneity. Table 

(4) and figure (7) represent the energy 

value, sample 1 shows roughly a 

decrease with time exposure to cold 

plasma which means that there is no 

response to the plasma effect. Sample 2 

the value of energy increases with time. 

sample 3 the value of energy shows a 

roughly increase with time, Sample 4 

the value of energy decrease with time 

increase, when the energy value is high 

this means that the texture  is regular 

and their tissue is homogenous. 

 

Conclusion: 
The following points are concluded 

from this study: 

1- The contrast of texture shows 

response to the plasma. For some 

samples, the contrast increased and for 

others the contrast decreased; the 

increase in the contrast value means 

differences in the texture of the blood 

increase, while the decreasing value 

means that there are the blood texture is 

more regular such as in sample1, 

sample2. 

2- The correlation between the texture 

of sample increase with time exposure 

and for the other samples show decrease 

with time. From figure (5), the 

correlation value of sample3 shows 

decrease with time, sample1 and sample 

2 the value increases till second 13, 

sample4 show roughly increase from 

second 15 with time. This  give an 

indication about the blood texture when 

the correlation increases and the texture 

purity increases and when correlation 

decreases this means there is a defect in 

the blood texture 

3- The homogeneity gives an indication 

about the purity of texture, so the 

exposure to the plasma made it more 

pure, the homogeneity value which 

means the purity of the image texture of 

samples show roughly change when 

exposed to the cold plasma. 

4- The energy value increased with 

increasing the time exposure. This is 

because the texture becomes more 

regular. In this paper, sample 2 shows 

response to the plasma effect in its 

value. The high value of energy means 

less gray value and more pure texture. 
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Gray Image Sample2  (needle) Gray Image Sample1  needle)) T (s) 

    

5 

    

10 

    

15 

    

20 

Fig. (2) Shows the blood samples images (patient with leukemia), and the 

thresholding image in which Threshold > 100 

 

Threshold>100 Sample4 (needle) Threshold >100 Sample3 (needle) T (s) 

    

5 

    

10 

    

15 

    

20 

Fig. (3) Shows the blood samples images (patient with leukemia), and the 

thresholding image in which Threshold > 100 



 Baghdad Science Journal  Vol.14(2)2017 
 

408 

Table (1) the Contrast value for Blood 

samples. 
T (s) sample1 sample2 Sample3 Sample4  

Count of 

white 
blood cell 

14.56 17.94 18.67 20.15  

5 1.2994 1.05945 1.08745 0.5733  

8 1.10632 0.98271 1.02298 0.56859  

10 0.9776 0.93155 0.98 0.56545  

13 1.1333 1.00061 1.21454 0.63559  

15 1.2371 1.04665 1.3709 0.68235  

18 1.45307 0.83107 1.31708 0.6711  

20 1.59705 0.68735 1.2812 0.6636  

 

 
 

Fig.(4) Shows contrast values as a 

function of time for(S1,S2,S3,S4) 

 

Table (2) the Correlation value for 

Blood samples 

T (s) 
sample

1 
sample

2 
Sample3 Sample4 

Count of 

white blood 

cell 

14.56 17.94 18.67 20.15 

5 0.2931 0.3464 0.37635 0.4941 

8 0.39099 0.3875 0.36606 0.49041 

10 0.45625 0.4149 0.3592 0.48795 

13 0.39328 0.37593 0.31966 0.47739 

15 0.3513 0.34995 0.2933 0.47035 

18 0.2847 0.29679 0.26027 0.49552 

20 0.2403 0.26135 0.23825 0.5123 

 

 
Fig.(5) Shows correlation values as a 

function of time for(S1,S2,S3,S4) 
 

Table (3) the Homogeneity value for 

Blood samples. 

T (s) 
Sample

1 

Sample

2 

Sample

3 
Sample4 

Count of white 

blood cell 
14.56 17.94 18.67 20.15 

5 0.79125 0.82735 0.79675 0.8954 

8 0.80502 0.8386 0.8173 0.89399 

10 0.8142 0.8461 0.831 0.89305 

13 0.79617 0.83692 0.7899 0.88873 

15 0.78415 0.8308 0.7625 0.88585 

18 0.76354 0.87829 0.78944 0.87601 

20 0.7498 0.90995 0.8074 0.86945 

 

 
Fig.(6) Shows homogeneity values as a 

function of time for(S1,S2,S3,S4) 
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Table (4) the Energy value for Blood 

samples 

T (s) 
sample

1 

sample

2 

Sample

3 
Sample4 

Count of white 

blood cell 
14.56 17.94 18.67 20.15 

5 0.37765 0.44465 0.3479 0.611 

8 0.35104 0.46499 0.40976 0.60296 

10 0.3333 0.47855 0.451 0.5976 

13 0.32475 0.46655 0.36079 0.58713 

15 0.31905 0.45855 0.30065 0.58015 

18 0.30636 0.61563 0.38168 0.53707 

20 0.2979 0.72035 0.4357 0.50835 

 

 
Fig.(7) Shows energy values as a 

function of time for(S1, S2, S3, S4) 
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 الخلاصة:
البلازما ومعالجة التحليل النسيجي لدراسة تأثير تعرض خلايا الدم إلى تم في هذا البحث استخدام تقنيتي 

لدراسة هذا التأثير. وللوصول الى اهداف  لثانيةالبلازما الباردة. تم استخدام الخصائص الإحصائية للمرتبة ا

كانت البحث المنشودة، تم استخدام عينات مختلفة لمرضى مصابين بسرطان الدم وعدد كريات دمهم البيضاء 

أكثر من الطبيعي. ومن دراسة نتائج الخصائص الاحصائية )المتوسط والتباين والطاقة والعشوائية( توصل 

البحث ان خلايا الدم للعينات تكون استجابتها جيدة للبلازما الباردة خصوصا التي تمتلك عدد كريات بيضاء 

 عالية. 
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