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ABSTRACT 

In medical and biological fields, the using of the thermal plasma is limited because of its high temperature 

(2,000K up to 10,000K). This temperature can cauterize and damage the tissue. On the other hand, non-thermal 

plasma operates in room temperature and its high efficiency and safety are suitable. 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 bones and 

blood cell; it also helps to diagnose the disease and give the right treatment. Plasma physics and digital image 

processing technique (DIPT) are utilized in this paper to show the effect of the cold plasma (Dielectric barrier 

discharge) on blood cells. The second order statistical features are used to study the effect of cold plasma on 

the behavior and structure of leukemia blood cell. Different samples are 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 leukemia blood cells of the sample 

showed 

 a good response to the cold plasma. 
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INTRODUCTION 

 

       According to The Abramson Cancer Centre of the University of Pennsylvania (USA), the number of 

patients with leukemia is increasing; thus, only in 2016, about 60,140 new cases of patients with leukemia were 

reported[1].  

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 [2,3]. 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 [4, 5,6]. 
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Some of the previous applications of plasma in medicine mainly depend on the thermal effects of plasma, 

the important feature of plasma in medical applications is its temperature. Most of the known application of 

electrical plasma in medicine are depend on the high temperatures generated on or within tissues by electrical 

discharges, the high temperature of plasma has been exploited for a long time in medicine for the purpose of 

tissue removal and sterilization [6,7].  

Due to the applications of cold plasma in medicine and beneficiary for humanity; the cold plasma is very 

safe, clean and active in therapy and sterilization; moreover, many researchers used of cold plasma in treatment 

of cancer particularly, (Barekzi and Laroussi are cases in point when they did studied the effect of cold plasma  

on T-cell leukemia cells by the plasma pencil)[8], the cold plasma was used in this paper produced by Dielectric 

barrier discharge to study the effects of the cold Plasma on the exposed blood samples of cells affected by 

leukemia. I order to know to what extent did the plasma effect on samples and to reach the best of exposure 

time, image texture Analysis was utilized. 

  

    

MATERIALS AND METHODS 

            
Dielectric barrier discharge: 

Dielectric barrier discharge, also referred to as barrier discharge or silent discharge, is one of the typical 

plasma discharges that combine the large plasma volume in the glow discharge and the high pressure operation 

of the corona discharge,  it operates at a Pressure ranges from 0.1 to 10 bar, DBD’s biomedical properties make 

atmospheric pressure potentially a suitable system for medical applications [9,10,11,12], with a development in 

electrical engineering technologies, voltage pulses can be created at shorter rise-times and with less destruction 

to the substrate being exposed [13]. DBD plasma generates reactive oxygen and nitrogen species to comprise O, 

OH, NO, and others [14,15]. A main reason for its utilize as an antimicrobial technique is the flow of direct 

charges to the exposed area which is selective to discouragement of microbes [16,17]. A dielectric barrier 

discharge is an electrical discharge between two electrodes detached by an insulating dielectric barrier, initially 

it was called the silent discharge in contrast with a spark discharge, which is escorted by plentiful heating and 

generation of an audible noise. the major variance between DBD and spark discharges is the existence of the 

dielectric barrier which prevents dc operation of the DBD. DBDs are typically driven by sinusoidal voltages at 

frequencies between 0.05 and 500 kHz or by high voltage pulses. When the applied voltage up breakdown 

value, the electric current deposits surface charge onto the dielectric and the discharge self-terminates. In many 

cases the DBD in room air is not regular and contains of many micro discharges [18]. 

 

Co-occurrence matrices: 

Spatial gray level co-occurrence evaluations image properties that connected to second-order statistics 

which describe the relationship between pixels or sets of pixels (usually two) [19], proposed the utilize of gray 

level co-occurrence matrices (GLCM) which have become one of the most well-known and broadly utilized 

texture features. This method is depend on the common probability distributions of pairs of pixels. Rather than 

utilizing gray level co-occurrence matrix straight to measure the textures of images and regions, the matrices can 

be transformed into simpler scalar measures of texture [20,21]. 

 

Second-order statistical feature: 

Second order statistical feature which describe the spatial relationship among groups of neighboring pixel 

intensity values are utilize. The investigation depend on statistical parameters of the second type called gray 

Level co-occurrence Matrix (GLCM) which extracts textural features depend on two pixel intensity values 

which are invarious directions (00 , 450 , 900 , 1350 ) and distances. The parameters that computed from this 

matrix explain the behavior of texture and its response to the cold plasma [22]. 

 

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, the contrast of the image at point x,y is obtained by [23]. 

            (1) 

 

2-Correlation: 

is a measure of correlation between pixels in two diverse directions [24]. 
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R (x,y) =                            (2) 

 

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 [25]. 

                          (3) 

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: 

gives indication about the distribution of No. of gray level when the energy value is high this means that the 

texture is flat and there tissue is homogenous [26]. 

 
 

Experimental:  

The blood samples are taken for different living patient with leukemia, some people their  leukocytes 

number exceed (10000), while others  their leukocytes number are less than (4000). The normal range of the 

leukocytes is between (4000_10000). In this research different samples were used to reach the aim of this paper: 

the patients have leukemia and their leukocytes number was abnormal. The search deals with these samples after 

the exposure them to the cold plasma which produce by dielectric barrier discharge for various time. Studying 

the effect of cold plasma on the texture of blood samples. The exposure period started from (20 sec) up to (40 

sec) the time increasing with different step. Images are taken for each sample during the time exposure. These 

images which are taken are illustrated in figure (1, 2). To enhance the obtained images a digital image 

processing is applied for the segmentation process in order to help in separate the glass of the slides which 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 must 

apply to detach 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 

                                                                                      (5) 

                           0     If           f (x, y) ≤ T 

 

 

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 image with (0 and 1). Figures (1 and 2) show that. 

 

RESULT AND DISCUSSION 
 

Table (1) and Figure (3) represent the contrast value, sample (1) the value of contrast decrease with time 

increase till second (33) the value started to increase with time exposure. Sample (2) the value of contrast 

increase with time exposure increase. Obviously, The contrast of texture shows response to the plasma. For 

some sample the contrast increased and for others the contrast decrease, the increase in the contrast value means 

differences in the texture of the blood increase, while the decreasing value means the blood texture be more 

regular.  So does sample (3).Sample (4) the value started to increase with time exposure till second (35) the 

value approximately remain constant. Table (2) and Figure (4) represent the correlation value, sample (1) the 

value show roughly increase with time exposure increase up to second (33) the value started to decrease. Sample 

(2) the value decrease with time exposure. Sample (3) the value decrease with time exposure increase Sample 

(4) the value show roughly decrease with time exposure to cold plasma. In other words, The correlation between 

the texture of sample increase with time exposure and for the other sample show decrease with time, the 

correlation give indication about the blood texture when the correlation increase the texture purity increase such 

as sample1 show very roughly increase and when correlation decrease this means there is a defect in the blood 
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texture.  Table (3) and Figure (5) represent the homogeneity value, sample (1) and sample (4) show no response 

to the cold plasma the value approximately remain constant. Sample (2) the value approximately remain 

constant till second (33) the value decrease with time exposure. Sample (3) the value at first time approximately 

remain constant, from second (33) the value started to decrease. All sample show small effect to the plasma 

exposure.  Table (4) and Figure (6) represent the energy value, sample (1) the value of energy approximately 

remain constant. Sample (2) the value of energy increase with time exposure to cold plasma, till second (33) the 

value decrease. So does sample (3).  Sample (4) the value decrease with time increase down to second (35) the 

value started to increase. To sum up, The value of energy increase with increasing the value of white cell this is 

because the leukemia cell is more regular in it shape than the blood texture as the leukemia cell increase the 

energy value increase, so does the mean its value decrease with increasing the white cell, this is because the 

leukemia cell tend to be more dark than the other cell.    

 

Conclusion: 

From the statistical features which are calculated for the leukemia blood cells, it is clear that the cold 

plasma effected on the blood cells due to the reduction in the number of white blood cells of leukemia patient. It 

is also proofed that with the assistance of doctors, the cold plasma with DBD method can be applied as a 

treatment to reduce leukemia cell. 
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Fig. 1: Shows the blood samples images (patient with leukemia), and the thresholding image in which 

Threshold > 100. 
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Fig. 2: Shows the blood samples images (patient with leukemia), and the thresholding image in which 

Threshold > 100. 

 
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 

 

 

20 1.3755 0.5639 0.90945 0.42685  

23 1.34019 0.61904 1.08246 0.39529  

25 1.31665 0.6558 1.1978 0.37425  

28 1.38049 0.6906 1.01162 0.47073  

30 1.42305 0.7138 0.8875 0.53505  

33 1.34439 0.90943 1.1098 0.62109  

35 1.29195 1.03985 1.258 0.67845  

38 1.43334 1.23419 1.31314 0.56523  

40 1.5276 1.36375 1.3499 0.48975  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: shows contrast values as a function of time for(S1,S2,S3,S4) 
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Table 2: The correlation value for Blood samples. 

T (s) sample1 sample2 Sample3 Sample4  

Count of white blood cell 
14.56 
 

17.94 
 

18.67 
 

20.15 
 

 

20 0.29815 0.5051 0.44165 0.5549  

23 0.30553 0.50891 0.37253 0.58955  

25 0.31045 0.51145 0.32645 0.61265  

28 0.27976 0.51115 0.36011 0.58289  

30 0.2593 0.51095 0.38255 0.56305  

33 0.31675 0.37625 0.31427 0.52588  

35 0.35505 0.28645 0.26875 0.5011  

38 0.2634 0.26218 0.22168 0.51895  

40 0.2023 0.246 0.1903 0.53085  
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Fig. 4: Shows correlation values as a function of time for(S1,S2,S3,S4) 

 
Table 3: The homogeneity value for Blood samples. 

T (s) sample1 sample2 Sample3 Sample4  

Count of white blood cell 
14.56 
 

17.94 
 

18.67 
 

20.15 
 

 

20 0.77705 0.86705 0.85355 0.9166  

23 0.78998 0.85586 0.82175 0.91792  

25 0.7986 0.8484 0.80055 0.9188  

28 0.78621 0.84753 0.83541 0.9038  

30 0.77795 0.84695 0.85865 0.8938  

33 0.78485 0.84797 0.83534 0.87448  

35 0.78945 0.84865 0.8198 0.8616  

38 0.7797 0.80122 0.80243 0.88845  

40 0.7732 0.7696 0.79085 0.90635  

 

 
 

Fig. 5: 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) sample1 sample2 Sample3 Sample4 

Count of white blood cell 
14.56 
 

17.94 
 

18.67 
 

20.15 
 

20 0.33555 0.4182 0.4987 0.6503 

23 0.36903 0.38943 0.43057 0.64559 

25 0.39135 0.37025 0.38515 0.64245 

28 0.37119 0.38822 0.47239 0.6003 

30 0.35775 0.4002 0.53055 0.5722 

33 0.34737 0.48483 0.48678 0.51445 

35 0.34045 0.54125 0.4576 0.47595 

38 0.35869 0.42101 0.42934 0.56604 

40 0.37085 0.34085 0.4105 0.6261 

 

 
 

Fig. 6: Shows energy values as a function of time for(S1, S2, S3, S4) 
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