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 Pellet ore is one of the important raw materials for blast furnace ironmaking. Its metallurgical properties at high 

temperature are important indexes for evaluating the quality of charge. Therefore, the quality inspection of pellet 

ore is an essential link for its furnace entry. From the point of view that the metallurgical properties of pellets 

determine their microstructure, and the microstructure reflects their metallurgical properties, the mineral phase 

characteristics at different locations of pellets are explored, and the relationship between the mineral phase 

characteristics and alkalinity is established, which has important guiding significance for the actual production of 

pellets. By comparing the pellet images with different visual features, this paper intends to study the texture 

features, fractal features and color features of the pellet phases by using three methods: Gray level Co-occurrence 

Matrix, Box counting dimension and RGB histogram. The texture feature extraction model, Box Counting 

Dimension fractal feature extraction model and RGB histogram color feature extraction model of grey symbiosis 

matrix were established respectively. Finally, the texture feature, fractal feature and color feature can be used as 

the basis of basicity, position and element identification of pellets. 
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1. Introduction 

Pelletite is one of the important raw materials for blast furnace 

ironmaking, with high iron-containing taste, uniform particle size, 

good reduction performance, high mechanical strength, and many 

micropores[1],[2]. In recent years, there are not many relevant 

literatures for studying the mineral phase of pellets. Professor 

Manchu Chu of the School of Materials and Metallurgy of 

Northeastern University and others have studied the effect of 

pre-oxidation experiments on the mineral phase and internal 

structure of pellets. It is verified that with the process of 

pre-oxidation, the cubic crystal lattice wants to change the crystal 

form of the six-sided lattice, which causes the pellets to 

shrink[3],[4]. In recent years, at home and abroad, it is generally 

recognized that good metallurgical performance of pellets at high 

temperature is an important indicator for evaluating the quality of 

the charge, and the metallurgical properties of pellets are closely 

related to their microstructure. Therefore, from the perspective of 

pellets metallurgical performance, explore pellets The 

characteristics of the mineralogy at different locations of the mine 

establish the relationship between the mineralogical features and 

the alkalinity, which has important guiding significance for the 

actual production of pellets[5],[6]. In this paper, the image 

graphics processing algorithm is used to study the pellet phases 

contained in the attachment and extract the visual characteristics 

of all mineral phases. The longitudinal study of the variation 

gradients of various characteristics of the pellet phases at the 

same location under four alkalinities and extraction It can 

characterize the main characteristics of the mineral phase of the 

pellet alkalinity and realize the basicity discrimination based on 

the main feature. The horizontal study of the gradient of various 

characteristics of the pellet basic phase of the same alkalinity in 

three parts, and the extraction can be characterized. The main 

characteristics of the mineral phase of the agglomerate part, to 

achieve the location identification based on the main feature. 

Based on the above research, to determine the basicity category 

and location category of the 24 pellet ore phase given in Figure 7. 

The main structure of this paper is as follows: 

A texture feature extraction model based on gray 

co-occurrence matrix is established. Firstly, the energy, entropy, 

moment of inertia and correlation of gray level co-occurrence 

matrix are selected; Then, using MATLAB software to calculate 

the data of pellet mineral phase, and get the contrast chart of 

characteristic quantity under different basicity; Finally, the 

texture feature information is compared longitudinally, and the 

result shows that the texture feature can be used as the main 

http://www.ijamce.com/
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feature to judge the basicity. 

A fractal feature extraction model based on box dimension is 

established. Firstly, the fractal dimension of the pictures in 

different parts of the same alkalinity and different parts of the 

same alkalinity is calculated by MATLAB; then, the result of 

dimension is drawn into line graph; Finally, the fractal feature 

information is compared horizontally, and the fractal feature can 

be used as the main feature to distinguish the location. 

A color feature extraction model based on RGB color image 

histogram is established. Firstly, the color channels of different 

parts, alkalinity and elements are extracted; Then, the RGB 

primary colors of the seven extracted elements are compared, and 

the color feature contrast map is obtained; Finally, the color 

feature can be used as the main feature for element 

discrimination. 

2. Texture feature extraction model based on gray 

co-occurrence matrix 

Texture analysis is the extraction and analysis of spatial 

distribution pattern of image gray. Texture analysis is widely used 

in remote sensing image, X-ray photo, cell image interpretation 

and processing. There is no unified mathematical model for 

texture. It originated from the concept of texture which represents 

the surface properties of textiles. It can be used to describe the 

arrangement of any material components, such as lung texture in 

medical X-ray photos, blood vessel texture, lithology texture in 

aerospace (or aviation) topographic photos, etc. The visual 

texture in image processing is generally understood as the 

repeated arrangement of some basic patterns (tone primitives). 

Therefore, the description of a texture includes determining the 

hue primitives that make up the texture and determining the 

relationship between hue primitives. Texture is an area property, 

so it is related to the size and shape of the area. The boundary 

between the two texture modes can be determined by observing 

whether the texture measurement changes significantly. Texture is 

the reflection of the object structure. Analyzing texture can get 

the important information of the object in the image. It is an 

important means of image segmentation, feature extraction and 

classification recognition. For spatial domain image or transform 

domain image, we can use statistical and structural methods for 

texture analysis.  

Statistical texture analysis is used to find the digital features 

that describe the texture, and these features or other non texture 

features are used to classify the regions in the image (rather than 

a single pixel). The autocorrelation function, gray level 

co-occurrence matrix, gray level run and various statistics of gray 

level distribution in local area of image are commonly used 

digital texture features. For example, the gray level co-occurrence 

matrix uses the spatial distribution of gray level to represent the 

texture. Because the gray distribution of coarse texture changes 

more slowly with distance than that of fine texture, they have 

totally different gray level co-occurrence matrix. Structural 

texture analysis studies the primitives of texture and their 

arrangement rules. A primitive can be either a pixel's gray level or 

a connected set of pixels with specific properties. 

2.1  Basic principle of gray level co-occurrence  

The concept of gray level co-occurrence matrix was put 
forward by Haralick in 1973. The gray histogram is the result of 
statistics on a single pixel on the image with a certain gray level, 
however, the gray level co-occurrence matrix is obtained by 

statistically calculating the condition that two pixels at a certain 
distance on the image have a certain gray level[7]. The value of 

element ),( ji  in the gray level co-occurrence matrix represents 

the number of times such two pixels appear in the image: one 

pixel has a gray value of i , the other pixel has a gray value of 

j , and the adjacent distance is d  The direction is   (angle 

with the horizontal axis of the coordinate). The direction value is 
0°, 45°, 90°, 135°. 

Let a be ( )yxf ,  two-dimensional digital image with the 

size of NM   and the gray level of L , the gray level 

co-occurrence matrix is the starting point of the pixel with 

( )yxf ,  gray level as i , calculate that the gray level 

co-occurrence matrix that appears at the same time with pixel 

( )byax ++ , (Distance d , gray j ) is ( ),,, djiP , 

expressed as formula (1): 

( ) ( ) ( )  ( ) 
( )
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(1) 

In the formula, YX ,  is the pixel coordinates in the image; 

ba,  is the offset; xy LL ,  is the number of rows and columns 

of the image. 
Haralick derives 14 kinds of texture feature statistics from 

GLCM. Because there is a certain correlation between various 
statistics, it is not necessary to use all statistics for texture 
analysis. This article uses four characteristics of energy, entropy, 
moment of inertia and correlation. As the GLCM texture feature, 
the calculation formula of the four feature quantities [8],[9],[10]. 
As shown in Table 1. 

 
Table 1. Summary table of characteristic quantities 

 

Feature 

amount 
Formula Feature 

Energy ( )( )
2

1 1

,
= =

k

i

k

j

jiG  

The energy reflects 

the uniformity of the 

gray distribution of 
the image and the 

thickness of the 

texture. 

Entropy 

( ) ( )jiPjiP d

ji

d ,log, ,2

,

, 

 

The entropy value 

indicates the 

complexity of the 

grayscale distribution 

of the image. The 

larger the entropy 

value, the more 

complex the image. 

Inertia ( ) ( ),,
2

jiPji −  

The magnitude of the 

moment of inertia 

reflects the local 
change of the gray 

distribution. 

Correlat

ion 

( ) ( ) 

di

jidji baPab



 −,,,

 

The correlation value 

reflects the local gray 

correlation in the 

image 

 

2.2  Feature extraction of pellet mineral texture 

The images of different alkalinities in different parts of the 
pellet phase are shown in Fig. 1. Based on the calculation of the 
gray level co-occurrence matrix feature in Table 1, 6 pellets are 
selected to compare the four characteristics in the case of 
different alkalinity and different parts Changes in magnitude. 
Using matlab software to calculate the feature quantity of the 

gray level co-occurrence matrix, you can get the energy, entropy, 
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moment of inertia and correlation under the same element, 
different parts, different alkalinity, different angles [11],[12]. 

  
Edge area R=1.2 Edge areaR= 1.0 

  
Edge areaR= 0.8 Edge area R= 0.6 

  
1/4 partly R= 0.6 Central partly R= 0.6 

Fig. 1. Pelletite mineral phase picture. 
 

 

 
Fig. 2. Index of gray symbiosis matrix at the edge. 

 

This article takes the edge of the original image as an 

example to show the mean and standard deviation of energy, 
entropy, moment of inertia, and correlation at different 
alkalinities, as shown in Fig. 2. 

Select energy, entropy, moment of inertia, and correlation as 
the four indexes of the gray level co-occurrence matrix, take the 
parameters of the four angles and the standard deviation to 
simulate the parameters of the gray level co-occurrence matrix, 

and make a longitudinal comparison between the indexes. The 
alkalinity of the four indicators is larger at 0.6 and 1.2, and 
smaller at 0.8 and 1.0. Extended use of curve fitting can predict 
the specific values of the four indicators with alkalinity above 
1.2. 

Similarly, complete the table of mean and standard deviation 
of energy, entropy, moment of inertia and correlation under 
different parts. By means of statistics of the mean and standard 

deviation of the data in the 6 tables, draw a comparison chart, as 
shown in Fig. 3 and Fig. 4 As shown 

 

 
Fig. 3. Comparison of characteristic quantities at the edge 

 

 
Fig. 4. Comparison of characteristic quantities under the same basicity when 

R=0.6 

 
From Fig.3 and Fig. 4, we can see that under different 

alkalinity, the correlation value is the most significant as an 
indicator of texture characteristics. The texture characteristics of 
the pellet phase at the same basicity are not obvious. From this 

we can conclude that the texture features used to identify the 
same element at the same location and different alkalinity are 
more obvious, so to identify different alkalinity, the texture 
feature should be the main feature. 

3. Fractal feature extraction model based on box 

counting dimension 

3.1 Principle of counting box dimension 

The concept of fractal was first proposed by the mathematician 
B. Mandelbrot [13],[14]. Fractal mainly refers to a system that is 
fragmented and complex but has self-similarity or 
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self-radioactivity. Fractal refers to the use of the characteristics of 
the ontology through irregular Explore the nature of the rules and 
solve practical problems. 

Fractal theory is a very popular and active new theory and new 
subject in the world. In 1967, he published a famous paper 
entitled "how long is the coastline of Britain?" in the authoritative 
American magazine science. As a curve, the coastline is very 

irregular, very unsmooth, showing very complex changes. We 
can't distinguish the difference between this part of the coast and 
that part of the coast in terms of shape and structure. This almost 
the same degree of irregularity and complexity shows that the 
coastline is self similar in morphology, that is, the similarity 
between local morphology and overall morphology. When there 
is no building or other reference, the 100 kilometer coastline 
taken in the air will look very similar to the two photos of the 10 

kilometer coastline enlarged. 
In fact, self similar forms are widely found in nature, such as: 

continuous mountains and rivers, floating clouds, broken mouths 
of rocks, tracks of Brownian particles, crowns, cauliflower, 
cerebral cortex. Mandelbrot called these parts and the whole in 
some way similar to the shape of fractal. In 1975, he founded 
fractal geometry. 
On this basis, the science of studying fractal properties and its 

application is formed, which is called fractal theory.  
The significance of fractal theory. Fractal theory and its 

methodology are of great significance in scientific methodology. 
It breaks the separation between the whole and the part, the 
confusion and the rule, the order and the disorder, the simple and 
the complex, the limited and the infinite, the continuity and the 
discontinuity, finds the media and the bridge between them (that 
is, the similarity between the part and the whole), for people to 

know the rule and the order from the chaos and the disorder, the 
whole from the part and the whole from the limited The 
possibility and basis of understanding infinity are provided 
through infinite deepening and limited cognition; Together with 
system theory, self-organization theory, chaos theory and other 
scientific theories, it reveals the multi-level, multi perspective 
and multi-dimensional connection between the whole and part, 
chaos and rule, order and disorder, simple and complex, limited 
and infinite, continuous and interval, which makes people's 

thinking mode of understanding their relationship from linear 
stage to multi-dimensional stage Nonlinear stage. 

Principles of fractal theory: 
Self similar principle and iterative generation principle are 

important principles of fractal theory. It shows that fractal has 
invariance under the general geometric transformation that is 
scale independence. Since self similarity starts from symmetry of 
different scales, it means recursion. The self similarity of fractal 

body can be the same or the statistical similarity. Standard self 
similar fractals are mathematical abstractions, which generate 
infinite fine structures by iteration, such as Koch snow curve, 
Sierpinski carpet curve, etc. This kind of fractal is only a few, 
most of them are random fractal in statistical sense.  

Fractal dimension, as a quantitative characterization and basic 
parameter of fractal, is another important principle of fractal 
theory. Fractal dimension, also known as fractal dimension or 

fractional dimension is usually represented by fraction or number 
with decimal point. For a long time, people are used to define 
point as zero dimensions, line as one dimension, plane as two 
dimensions and space as three dimensions. Einstein introduced 
time dimension into relativity, and then formed four-dimensional 
space-time. Considering a problem in many ways, we can 
establish high-dimensional space, but all of them are integer 
dimensions. In mathematics, the geometric objects of Euclidean 

space are continuously stretched, compressed and twisted, and 
the dimension is also unchanged, which is the topological 
dimension. However, this traditional view of dimension has been 
challenged. Mandelbrot once described the dimension of a rope 
ball: Observing the rope ball from a long distance can be 
regarded as a point (zero dimensions). 

From a closer view, it is filled with a spherical space 
(three-dimensional); A little closer, you see the rope (one 
dimension); Further to the micro level, the rope becomes a 
three-dimensional column, and the three-dimensional column can 
be decomposed into one-dimensional fibers. 

Fractal dimension is a crucial element in the fractal process. 
Common dimensions include similar dimension, Hausdorff 

dimension, box counting dimension, etc. Among them, box 
counting dimension is a commonly used fractal dimension 
method because it is easy to understand and easy to calculate [15]. 
This paper uses box counting dimension method to calculate the 
fractal dimension. 

Box counting dimension is also called box dimension, which is 

defined as let F be any non-empty bounded subset in 
nR , and 

let ),( FN  denote the maximum diameter as   and the 

smallest number that can cover F set [16],[17]. Then the 

expressions of the upper and lower box dimensions of F are : 

)/1ln(
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limdim
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
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
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→
=
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If the upper and lower box dimensions are equal, the box 

dimension of F  is defined as: 

)/1ln(

),(ln
limdim

0 





FN
FBax

→
=

   

(4) 

Among them, ),( FN  can take one of the smallest 

number of cubes covering the side length of F  for   and the 

smallest number of sets covering the diameter of F  at most 

 . 

 
Fig. 5. .Fractal dimension line chart of different basicity in the same part. 

 

 
Fig.6. Fractal dimension line chart of different parts of the same basicity 
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will be given), and then use the box counting dimension method 
to calculate the fractal dimension [18]. 

3.2  Fractal feature extraction based on box counting dimension 

Use Matlab to calculate the fractal dimension of the pictures 
located in different parts of the same basicity and different parts 
of the same basicity, and draw their line charts, as shown in Fig. 5 
and Fig. 6. 

From Fig. 5 and Fig.6, it can be seen that the central part of the 

mineral phase is more significant than the edge part and the 

quarter fractal dimension, and the alkalinity has little effect on the 

fractal dimension, that is, the fractal feature identifies the 

different parts of the same element The effect is the best, so the 

fractal feature can be used as the main feature to identify different 

parts of the pellet. 

4. Color feature extraction model based on RGB 

color image histogram 

The RGB color model is a color standard in industry today, 

various colors are obtained by changing the three color channels 
of red (R), green (G), and blue (B) and superimposing each other, 
RGB is the color representing three channels of red, green and 
blue. This standard includes almost all colors that human vision 
can perceive [19],[20]. It is one of the most widely used color 
systems at present. 

RGB color space according to the actual use of different 
equipment system capabilities, there are different ways to achieve. 

As of 2006, the most commonly used method is 24 bit 
implementation, that is, each channel has 8-bit or 256 color level. 
The color space based on such a 24 bit RGB model can represent 

7.16256256256 = million colors. Some implementation 

methods use 16 bits per primary color, which can achieve higher 
and more accurate color density in the same range. This is 
particularly important in wide color spaces, where most 
commonly used colors are arranged relatively closely. as shown 

in Table 2. 
 

Table 2. RGB description 

Comp

onent 
Description 

R 

Required parameter; Type Integer. Values range 

from 0 to 255, Representing the red component 

of the color. 

G 

Required parameter; Type Integer. Values range 

from 0 to 255, Representing the green 

component of the color. 

B 

Required parameter; Type Integer. Values range 

from 0 to 255, Representing the blue component 

of the color. 

Note: if one of the parameters has a value greater than 255, no error is shown, 

but the parameter is treated as 255. 

 
The color image is generally composed of three channels of 

RGB, each channel is composed of 8 bits, and the maximum is 

255. If the histogram is directly constructed according to each 
different value of the three channels, it is very large first, 
including 256*256*256 bins. For simplicity, each channel is set 
with 8 bins. In this way, the maximum value of each channel is 
256/8=32, that is, each channel is divided into 8 bins, and each 
bin can store 32 numbers, 0-31,32-63 , 64-127, ... 224-255, etc. 
Color RGB is converted into one dimension, a total of 
8*8*8=512 bins. Among them, 

( )  SHIFTRxWyimager _3** +=
  

(5) 

( )  SHIFTGxWyimageg _13** ++=
 (6) 

( )  SHIFTRxWyimager _23** ++=
 (7) 

Here the R_SHIFT, G_SHIFT, B_SHIFT macros are defined as 
5, shifted 5 bits to the right, each R, G, B value divided by 32 is 
mapped to the corresponding 8 bins. 0-31 maps to bins1, 32-63 
maps to bins2. 224-255 maps to bins8. That is to say, for each 
RGB pixel value, it can be mapped to a unique index by 
calculation, according to the index Accumulate, accumulate the 
corresponding kernel density weights, and calculate the color 

histogram [21], [22]. Take the original image of the edge part 
with r = 0.6 as an example, as shown in Fig. 7. 

(R)  

 

(G)  

(B)  

Fig.7. Marginal part R = 0.6 RGB histogram 
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4.1 Principle of counting box dimension 

Based on the extraction of RGB color features , the three color 
channels of different parts, different alkalinity, and different 
elements are extracted separately [23]. This article takes the 7 
elements of the edge part of the pellet phase and the alkalinity 0.6 
as an example, as shown in the Fig. 8 shown. 

 
 
El Central part 1/4 part Edge area 

Or 

   

Al 

   

Ca 

   

C 

   

Fe 

   

Mg 

   

O 

   

Si 

   
Fig.7. Image of 7 elements in pellet phase with R = 0.6 

 
In this paper, the pellets of 7 elements are extracted by RGB 

primary colors , and the color features of R, G, and B are 
compared in Fig. 9, Fig.10 and Fig.11 [24]. 

 

 
Fig.9. Comparison of R color characteristics of different elements. 

 

 
Comparing Fig. 9, Fig.10 and Fig.11, it is found that the color 

characteristics of different elements are obviously different, and 

the three color characteristics of the same element also have 
different situations. By comparing different elements horizontally 
and different color characteristics vertically, for pellets containing 
different metals Summing up the following conclusions (Table 3): 

 

 
Fig.10. Comparison of G color characteristics of different elements. 

 

 
Fig.11. Comparison of B color characteristics of different elements. 

 

 

Table 3. Conclusion 

Metal 
contained 

Conclusion 

Original 
The shape and size of the color histogram 
of the three primary colors are the same, 
and all have peaks 

Al 
The histogram shape of red and green is 
similar, and there are three peaks 

C 
The red histogram has the largest area and 
all colors are similar in shape, Histograms 

of all three colors contain two peaks 

Fe 

The highest point of red wave is about 
100, and its area is the largest; At the same 
time, green and blue are similar in shape 
and have no wave crest 

Ca 
The red area is the smallest, and there is 
no wave crest; Green is similar to blue in 

shape, with 4 to 5 peaks 

Mg 
Red, green area is relatively small, and the 
three colors have no peak 

O 
The highest green peak is about 75, and 
there is no peak in the blue and red 
histogram 

Si 
Red and blue areas are the largest and 
similar, and none of the three colors have 
their peaks 

 
Therefore, RGB color histogram can be used as a method to 

distinguish the main features of ore phase elements in pellets. 

5. Conclusion 

In this paper, we have applied gray level co-occurrence matrix 
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algorithm and box counting dimension algorithm to extract and 

analyze the feature information, texture color, RGB color 

histogram, basicity feature of pellet mineral phase, fractal feature 

and color feature. The different basicity, location and element 

obtained different feature information, and finally got the texture 

feature-recognize different alkalinity, fractal feature--recognize 

different parts, color feature--recognize different elements, and 

provide the main feature extraction of pellet mineral phase 

Theoretical basis. 

The above three algorithms are used to solve the texture 

feature parameters for identifying alkalinity, the classification 

feature parameters for identifying parts, and the RGB image 

features for identifying colors. Therefore, by using image pattern 

recognition technology to test pellets in the future, pellets can be 

analyzed Screening to effectively reduce the consumption of 

metallurgical raw materials, save time and cost, improve 

metallurgical performance, etc., provides a theoretical basis for 

improving the iron-making effect of iron and steel enterprises. 
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