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Abstract  

The Direct exposure of the high-voltage (10-40 kV) with non-thermal plasma discharges in 

atmospheric air is utilized to heal living creatures. This process needs a high degree of safety. 

In this paper, the mice have been exposed to the cold plasma for different intervals of time from 

20 sec. to 65 sec. The 1st order and second order statistical feature were used to detect the 

changes which occur in the tissues, a comparison between the control and the wound part for 

all the using mice was achieved. This study shows that the tissues of mice have been changed 

in their structure when they are exposed to the cold plasma. This effect appeared from the light 

reflection from the skin. After 45 seconds exposure, the effect of the cold plasma appeared on 

the tissues. The best time of the skin wounds healing was at 65 seconds.  

 Keywords: Cold plasma, Needle plasma, Texture analysis, First order, Second order. 
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 دراسة تأثير البلازما الباردة على الأنسجة الحية باستخدام التحليل النسيجي للصور

  صباح نوري مزهر  

 جامعة بغداد  -كلية العلوم للبنات  -قسم الفيزياء

  الخلاصة

تتطلب  الإنسان والحيوانات الحية والتيأن التطبيقات المباشرة لبلازما التفريغ الباردة ذات الفولتية العالية هي في معالجة 

 56ثانية والى  02نسبة أمان عالية . في هذا البحث تم تجريح و تعريض جلد الفئران للبلازما الباردة ولفترات مختلفة من 

 ثانية. وتم استخدام تقنية الفحص النسيجي في تحليل الصور التي التقطت للجلد المعرض والجلد غير المعرض. وتم تطبيق

الطرائق الإحصائية من المرتبة الأولى والمرتبة الثانية لحساب ستة معلمات للمرتبة الأولى وأربعة معلمات للمرتبة الثانية 

لغرض معرفة تأثير البلازما على جلد الفئران. وتبين من خلال النتائج ان الأنسجة المعرضة تتغير في صفات النسيج وهذا 

لنسيج، إذ تتغير ألوان النسيج بعد تعرضه للبلازما الباردة.  وتبين إن تأثير البلازما واضح من خلال انعكاس الضوء من ا

ثانية من التعريض من خلال الصور والرسوم البيانية إذ إن التئام الجروح يكون أسرع   56على الجلد يظهر بعد فترة 

 . ثانية من النماذج الأخرى 56وخصوصا عند التعرض بـ 

 .للصور، المرتبة الاولى، المرتبة الثانية البلازما الباردة ، التحليل النسيج الكلمات المفتاحية:

Introduction  

The plasma can be classified as the fourth state of the matter, it can be found in different types. 

It can also be prepared in different ways. The plasma can appear in two types: thermal and non-

thermal plasma. These features give good indication about the cold plasma effect on the texture 

of mice skin. The use of cold plasma helps in effective medical treatments of various skin 

injuries and diseases, wounds, bacterial super infections, and fungal infections.  Cold plasma 

can be defined as atmospheric air produced by electric discharge. The main features of cold 

plasma treatment can be described as a painless and contact-free procedure that is utilized to 

sterilize wounds and accelerate wound healing. The costs are comparable to or lower than those 

of standard antimicrobial wound treatment. For this purpose, a suitable plasma source was 

developed. Nowadays, many advanced and current researches have become applicable on 

clinical trials. [1-7].  
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Medical Imaging:  

The Medical imaging can be defined as the process which gives information about interior of 

the human body. It can be used in the clinical analysis. The medical image processing tries to 

give information about the inter-structure such as skin, bones and cell blood; it also helps to 

diagnose the disease and give the right treatment. 

Thresholding:  

The thresholding method is one of the easiest methods used in segmentation process. The 

process partitioned the image into region one has all the pixels with a specific threshold and 

rejects the entire pixel below the suggested threshold. [8] 

   Where img(x,y) is the  resulted image after thresholding. 

Density Slicing:  

Density Slicing represent the range of contiguous gray levels of a gray scale image by a single 

color. The range of contiguous gray levels is called a ‘slice’. The gray scale range 0–255 is 

normally converted to several color slices. The conversion of a gray scale image to pseudo color 

is an effective way of highlighting different homogeneous areas in the image, it’s important to 

specify a color for each current slice the boundaries of slice are obtained interactive process 

that allows adjusting different level until a satisfactory result has been achieved. A single band 

of a suitable image should be selected, loaded and displayed, and then the density slicing option 

was used to select grayscale slices and convert them to different colors as shown fig (1)[9]. The 

color density slicing change the gray levels value to color values in an image. The human eyes 

can distinguish about 16 levels of gray in an image, but it is able to distinguish between 

thousands of color hues. Thus, different enhancement technique is used to assign specific color 

to different digital value (DN). Increasing the value of the digital number contrast would change 
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the image from the gray scale to color. Density slicing is accomplished by arbitrarily dividing 

the range of brightness in a single band into intervals, then assigning each interval a color. 

 

Figure (1) shows the Density slicing assigns colors to specific intervals of brightness 

values [9]. 

First-Order Histogram features 

Standard deviation gives the measure of the average contrast, so the variance and standard 

deviation related to the mean. Energy gives indication about the number of gray level in the 

image tissue. Entropy represents the uniformity of the histogram and inversely proportional to 

the energy. Skewness tells the symmetries of the histogram around the mean. Kurtosis is the 

flatness of the histogram [10]. The image region can be represented by a random variable know 

as (i) the 1st histogram p (i) can define [11, 12, and 13]: 

p(𝑖) =
number of pixels with gray level 𝑖

total number of pixel in the region
………… (2) 

P (i) = H (i)/NM 

P (i) = is the probability of occurrence of the i.  Where:  i =0, 1, 2………G-1 

G= gray level tone of an image (255), N= number of cells in the horizontal domain. 

http://www.djps.uodiyala.edu.iq/pages?id=114
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M= number of cell vertical domain 

Mean:   𝜇 = ∑ 𝑖𝑝(𝑖)𝐺−1
𝑖=1 ………………..………. (3) 

(4) --------------Standard deviation:   𝜎 = √∑ (𝑖 − 𝜇)2𝑝(𝑖) 𝐺−1
𝑖=0 

Energy:  𝐸 = ∑ (𝑝(𝑖))²
𝐺−1

𝑖−1
                    ………………. (5) 

Entropy:  H = -∑ 𝑝(𝑖)𝑙𝑜𝑔2 [𝑝(𝑖)]
𝐺−1

𝑖=1
    ………….….... (6) 

Variance:  𝜎2 = ∑ (𝑖 − 𝜇)2𝑝(𝑖)
𝐺−1

𝑖=1
………...…..….(7) 

Skewness: 𝑠𝑘𝑒𝑤 = 𝜎‾ ᶾ ∑ (𝑖 − 𝜇)ᶾ 𝑝(𝑖)𝐺−1
𝑖=1 ………….….....(8) 

Kurtosis: 𝑘𝑢𝑟𝑡 = 𝜎‾4 ∑ (𝑖 − 𝜇)4 𝑝(𝑖)𝐺−1
𝑖−1          ………………. (9) 

The first order histogram needs to esteem (PDF) which is the probability density function for 

the neighborhood pixel. Different statistical features can be esteemed from the histogram which 

are Variance tells about the intensity variation around the mean [14].  

The second order statistical  

The second order statistical features which are co-occurrence texture features are computed 

from spatial gray dependence (SGLD) matrices. A SGLD matrix (P) contains the relative 

frequencies with which two pixels (one with gray level value i and the other with gray level j) 

separated by distance (d) with angle (θ) occurs in an image. The classification texture features 

depend on some criteria that can obtained from co-occurrence matrices. 

1.Contrast: 

Contrast is a natural measure of the degree of spread of the matrix values. Where P(i,j) is the 

occurrence of pixel value in two dimension[15,16]. The contrast represented the variation in 

the pixel value (i.e.) variation in the No. of gray level 

http://www.djps.uodiyala.edu.iq/pages?id=114
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   Contrast  

 

P(i,j) is the relative frequencies in two dimensions and NG represented the number of gray 

level.  

2. Correlation:  

         Correlation 

 Where: 

 

 

 

Where: μx, μy, σx, σy are the rows, 

columns sum means and   standard 

deviations respectively. The 

correlation represented the higher connection between the pixels [16].  

Homogeneity: 

The value of the local homogeneity is high when the diagonal concentration is high. 

   Homogeneity 

 

  

 Energy: 

   

To sum up, the variance value gives indication about the variation of the intensity of texture. 

The skewness measure is symmetric to mean value. The kurtosis is the flatness of the texture 

skin. Energy gives indication about the distribution of No. of gray level when the energy value 

is high this means that the skin is flat and there tissue is homogenous. The Entropy value is 
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inversely proportional to the energy. The contrast represented the variation in the pixel value 

(i.e.) variation in the No. of gray level the correlation represented the higher connection between 

the pixel, the Homogeneity represented the purity of the texture the purist  texture the higher 

the value of Homogeneity 

Materials and method 

Non-thermal plasma which is so co-called plasma needle which is produced under atmospheric 

pressure by resources of radio-frequency excitation has been studied to reach the optimal aim 

of the paper which treating the fine surface of (bio) materials[17,18]. The needle plasma is 

generated by nitrogen, argon, helium, and mixtures of He with air. Electrical calculations show 

that needle plasma operates at moderately low voltages (200–500 V peak-to-peaks), and the 

power consumption ranges from tens of mile-watts to a few watts. The excitation, rotational 

and vibration of electron gives indication about the plasma temperatures, which can be 

measured by using optical emission spectroscopy. It is obvious that the temperatures can be 

measured in the range (0.2–0.3 eV). The mice were exposed to the plasma for different interval 

of times starting from 20 to 65 seconds. The skin has been affected by the plasma which can be 

clearly shown by images token from the skin. The images were obtained by using the optical 

lenses microscope, which composed of a group of lenses. To reach the best resolution picture, 

the images were maximized 40 times. This microscope is connected to a computer that has a 

special program to capture a texture image of the mice skin. After obtaining the texture image, 

it was converted into gray scale to process them. Appling the segmentation process (which is 

the threshold), statistical features of the first and second order were calculated to study the effect 

of plasma on the texture. Figures (A to F) show the texture skin of the mice skin, the control 

and the exposure skin. Figures (2 to 8) show the distribution of statistical features, tables (1 to 

4) show the statistical features value obtained from the first and second order. 
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Results and discussion 

During the exposure to the cold plasma, the tissue showed changes in its structure. These 

changes appeared clearly after 45 to 65 seconds. The reflection of light showed different color 

than the other exposure sample. The sample that exposed to 65 seconds showed different of 

light. When the mean measure average value of intensity is high, the texture color tends to be 

whiter. If it is low, it tends to be black. From figure (2 to 7) one can see that value of contrast 

which is the separation of the pixel value is great when starting by 20sec. exposure and this 

value decreases when the time exposure increases this means that the cold plasma fasting the 

healing of the wounded skin this can clearly appear an time 65sec., The correlation also 

increased when the time of exposure increased, this means that the wounded skin become in 

healing this lead to the high correlated also, energy increased as the time exposure increase this 

means that the texture of the skin have less no. of gray level and this indicate that the skin is in 

healing  and the homogeneity increase in the time exposure (65sec). This give indication about 

the purity of the skin it means it become more pure that the control.  Figures (8) show the 

statistical features for the first order the response also appear after 45sec. the variance value 

decrease after exposure the mice skin to the cold plasma this means that the texture become 

more homogenous than control, also the energy increase this means the texture of the skin 

become more regular than the control part. The Kurtosis value increase with increasing time 

exposure this means that the histogram of the exposure skin become more flat than control and 

this give indication that the skin become more regular. The Entropy is inversely proportional to 

the energy and the skewnees doesn’t give any indication about the texture of the skin also, does 

the mean, from these one can conclude that the cold plasma can be used to fasting the healing 

of wounded skin and it can be used in medical application and in the surge process. The density 

slicing shows that the reflection of the light from the texture change as the time of exposure 

increase. 
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Mouse Skin Image (exposure 20 

second) 

Gray image with 

threshold T>175 

Density Slicing  Image 

   

Mouse Skin Image (Control) Gray image with 

threshold T>180 

Density Slicing  Image 

   

Figure (A) shows the Mouse skin images for 20 second time exposure and control Image. 

 

 

 

 

 

 

 

 

 

 

Figure(2) shows the statistical features for control and exposure skin for first order (20 

second). 

Exposure Control

Exposure

Control
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Mouse Skin Image (exposure 30 second) Gray image with threshold T>140 Density Slicing  Image 

   

Mouse Skin Image (Control) Gray image with threshold T>170 Density Slicing  Image 

   

Figure (B) shows the Mouse skin images for 30 second time exposure and control Image 

 

 

 

 

 

 

 

 

 

 

Figure (3) shows the statistical features for control and exposure skin for first order (30 

second). 

Exposure Control

Exposure

Control

Exposure

Control
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Mouse Skin Image (exposure 40 second) Gray image with threshold T>140 Density Slicing  Image 

   

Mouse Skin Image (Control) Gray image with threshold T>155 Density Slicing  Image 

   

Figure (C) shows the Mouse skin images for 40 second time exposure and control Image 

 

 

 

 

 

 

 

 

 

 

Figure(4) shows the statistical features for control and exposure skin for first order (40 

second). 

Exposure Control

Exposure

Control

Exposure

Control
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Mouse Skin Image (exposure 45 second) Gray image with threshold T>155 Density Slicing  Image 

   

Mouse Skin Image (Control) Gray image with threshold T>155 Density Slicing  Image 

   

Figure (D) shows the Mouse skin images for 45 second time exposure and control Image 

 

 

 

 

 

 

 

 

 

 

Figure (5) shows the statistical features for control and exposure skin for first order (45 

second). 

Exposure Control

Expo…Exp…
Co…
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Mouse Skin Image (exposure 50 second) Gray image with threshold T>135 Density Slicing  Image 

   

Mouse Skin Image (Control) Gray image with threshold T>140 Density Slicing  Image 

   

Figure (E) shows the Mouse skin images for 50 second time exposure and control Image   

       

 

 

 

 

 

 

 

 

Figure(6) shows the statistical features for control and exposure skin for first order (50 

second). 

Exposure Control

Expo… Exp…
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Mouse Skin Image (exposure65 second) Gray image with threshold T>150 Density Slicing  Image 

   

Mouse Skin Image (Control) Gray image with threshold T>160 Density Slicing  Image 

   

Figure (F) shows the Mouse skin images for 65 second time exposure and control Image.          

 

 

 

 

 

 

 

 

 

 

Figure(7) shows the statistical features for control and exposure skin for first order(65 

second). 

Exposure Control

Expo…

Expos…
Control
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Figure (8) shows the statistical features for control and exposure skin for second order 

 

20 sec

Exposure

Control

30 sec

Exposure

Control

45 sec

Exposure

Control

50 sec
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Control

65 sec

Exposure

Control
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Table (1) shows the first order statistical features for the images shown in exposre. 

 20 s 30 s 40 s 45 s 50 s 65 s 

Mean 61.9241 70.6392 54.7169 40.4166 72.4672 75.0288 

Variance 3.7504e+003 3.2507e+003 2.8936e+003 2.3074e+003 3.5881e+003 3.4106e+003 

ske1 6.2566e-006 6.4701e-006 8.9208e-006 1.4685e-005 5.7028e-006 5.8723e-006 

kurt2 1.6682e-009 1.9904e-009 3.0830e-009 6.3646e-009 1.5893e-009 1.7218e-009 

Energy 0.0948 0.0700 0.1358 0.2530 0.0880 0.0573 

Entropy 0.5145 0.5377 0.5657 0.4901 0.4680 0.5251 

 

Table (2) shows the first order statistical features for the images in control 

 20 s 30s 40 s 45 s 50 s 65 s 

mean 53.8484 70.9488 57.0134 69.0870 38.7319 86.6284 

Variance 3.5250e+003 3.3259e+003 2.8801e+003 3.6784e+003 2.6167e+003 3.8586e+003 

ske1 7.8765e-006 6.3690e-006 8.9939e-006 5.6187e-006 1.2792e-005 4.6917e-006 

kurt2 2.2344e-009 1.9150e-009 3.1228e-009 1.5275e-009 4.8886e-009 1.2159e-009 

Energy 0.1600 0.0590 0.0937 0.1244 0.3358 0.0259 

Entropy 0.5434 0.4967 0.4888 0.5648 0.4802 0.4289 

 

Table (3) shows the second order statistical features for the images shown exposure. 

 20 s 30 s 40 s 45 s 50 s 65 s 

Contrast 1.5605 1.2543 1.2922 1.3006 0.8604 1.2890 

Correlation 0.6895 0.6597 0.6670 0.7148 0.7897 0.6515 

Energy 0.1352 0.1359 0.1592 0.1633 0.1858 0.1275 

Homogeneity 0.7995 0.8222 0.8273 0.8294 0.8864 0.8282 
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Table (4) shows the second order statistical features for the images in control. 

 20 s 30 s 40 s 45 s 50 s 65 s 

Contrast 0.9846 0.5973 1.0599 1.3006 1.3006 1.0913 

Correlation 0.8054 0.8427 0.7159 0.7148 0.7148 0.6950 

Energy 0.1945 0.1303 0.1399 0.1633 0.1633 0.1112 

Homogeneity 0.8683 0.8576 0.8344 0.8294 0.8294 0.8204 

 

Conclusion 

The conclusion can be illustrated follows: 

1-  From the results shown and from the tables we conclude that at the time 45 second the 

mouse tissue response to the plasma effect comparing this with the control part. 

2- As the time of exposure increases the response of the texture increase and this is clearly 

appears in the result of the image and the result of the graphs. 

3- The use of cold plasma in medical is a new technique for surgery treatment, since the 

cold plasma kills the Bactria. So, it helps to fasting the healing of wounds skin. This has 

been studying by use statistical features of texture skin. 

4- As the time of exposure increase the texture of the wounded skin shows response to 

healing this can clearly shown from the result of statistical feature which obtained from 

the first order, second order, and the density slicing. 
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