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Abstract 

Analyzing the current commonly used image characteristics and the advantages and 
disadvantages of the interest point detection algorithm, aiming at the characteristics of 
the operator, in attribute theory and qualitative mapping, put forward an improved 
method for extracting interest points, on the basis of the original point of interest 
extraction method gives color features, and based on this method improve the method 
of edge detection and extraction, put it in the attribute coordinate system, through the 
conversion degree function is optimized, the results to improve the detection effect of 
image characteristics, and through the experiments on the prototype validate the 
effectiveness of this method and high efficiency. 
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1. Introduction 

Nowadays, the application scenarios of image recognition are getting richer and richer. With the 

expansion of data sets, the amount of data needed to be processed is getting larger and larger. It is of 

great significance to propose an improved artificial intelligence algorithm to improve the application 

efficiency of the whole society. Interest point extraction is an important subject in pattern recognition. 

Generally speaking, the point of interest is the pixel point of the target feature, which plays the role 

of marking and marking in the image recognition. It is an important parameter required for image 

recognition, and also an important input and output of artificial intelligence machine learning. In the 

years of research, many detection methods have been proposed. First-order differential edge detection 

operator are mainly Roberts operator [1] Prewitt operator[2], Krisch operator [3] and Sobel 

operator[4], classic second order differential edge detection operator are mainly Laplacian operator 

[5] [6] and the LOG operator, Smith and Brady [7] put forward a kind of edge detection based on 

local gray level difference operator, Canny edge detection operator is defined three evaluation criteria 

[8], and proposed an optimal edge detection operator. Based on the data set to obtain large amount of 

information, complex factors such as environment, according to the pattern recognition method based 

on qualitative mapping is put forward by the Jiali Feng [9] of attribute coordinate system, this paper 

will give a learning algorithm, based on the attribute coordinate system to improve the properties of 

the morphological characteristics of edge point of interest and chromaticity parameters identification, 

image feature recognition accuracy and efficiency.  
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2. Properties of qualitative mapping and transformation functions 

2.1 Qualitative mapping 

All objective things have two attributes: quality and quantity. Quality refers to the "characteristic 

attributes that make them different from other things", which is also known as the nature. Quantity 

expresses the "number, scope, scale and level of things", and expresses the characteristics that can be 

measured and measured. The law of mass intervariation refers to that "within the limit of degree, 

although the volume, scale, quantity and speed of things may change greatly or slightly, they still 

maintain their own qualitative change characteristics and will not undergo fundamental qualitative 

change. Only when the equivalent accumulation reaches a certain degree, quantitative change will be 

transformed into qualitative change. This law can not only derive quantitative and qualitative 

characteristics, but also derive a qualitative judgment τp(x.cp) on whether an object t has some 

property p(t), which can be described in the following mathematical form: 

Definition 1 Set a(t) is an attribute of the object, t, x∈X⊆R is a value attribute a(t), p(t)∈P0 is 

attribute some properties of a(t), [α,β]∈Γ  properties of p(t) is qualitative benchmark, says 

mappingτ:X×Γ→{0,1}×P0, makes: 

τ(x,[α,β])=x∈̌[α,β]= {
p(t)      x∈[α,β]

¬p(t     x∉[α,β]
                         (1) 

Is a qualitative mapping (or judgment mapping) of the simplest property p(t). Where, ∈̌ is the 

problem operator of the question "Is X in [α,β]?", also known as the quantity-quality feature 

conversion operator. Therefore, for each attribute a(t), input is a characteristic (quantity) value of a(t), 

output is q(t)a property of p(t) or non- p(t). Therefore, if it is emphasized that (1) is a transformation 

process from the quantitative characteristic t to the qualitative characteristic p(t), then ∈ ̌ can also 

be called the quantity-quality transformation operator of attribute a(t), or called qualitative feature 

extraction operator. τ(x)= {
1   x∈[α,β]

0   x∉[α,β]
 is the truth value of property p(x,t). 

This is the judgment case in the one-dimensional case. In the m-dimensional case, if each one-

dimensional attribute has n qualitative reference interval segments, the m-dimensional space is 

divided into nm  pairwise disjoint M-dimensional hypercubes, as shown in Figure 1. 

 

Figure 1. Schematic diagram of multi-dimensional hypercube reference matrix 

 

Attribute vector j
s
∈{1,2,…,m} is taken from different columns, then the attribute quantity-quality 

feature conversion operation can be changed, which can be expressed by qualitative mapping based 

on the array of 𝑛𝑚 m-dimensional hypercubes. 
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The method is as follows: if there is an m-dimensional vector x = (x1,x2,...,xm) that falls in the 

qualitative reference of property x = (x1,x2,...,xm), means (α,β)in the m-dimensional hypercube, then 

the object t with x has the property p
i
(t). 

2.2 Transformation degree function 

As shown in the actual image, the closer an object's property p
i
(o) corresponds to quantity x∈(αi,βi

) 

to the edge, the more likely the property is to undergo qualitative change. It can also be concluded 

that in the transformation process of quantitative and qualitative characteristics, even if different 

quantitative characteristics belong to the same qualitative benchmark, their qualitative characteristics 

will cause some differences in performance due to different quantitative characteristics. Therefore, 

we introduce the quantity - quality transformation degree function to express the difference. [9] 

Definition 2 If ∀(𝑥, 𝑁(𝜁𝑖, 𝛿𝑖)) ∈ 𝑋 × 𝛤, ∃𝜂𝑖(𝑥) ∈ [−1,1]𝑖, makes: 

𝜂(𝑥, 𝜁𝑖, 𝛿𝑖) = | 𝑥 − 𝜁𝑖| ∈ 𝛿𝑖 = 𝜂𝑖(𝑥)                       (3) 

Then 𝜂: 𝑋 × 𝛤 → [−1,1]𝑖  is called 𝑝𝑖(𝑥)  as the degree function of 𝑝𝑖(𝜁𝑖) , which reflects its 

qualitative characteristics, namely the transformation degree function. There are also different types 

of qualitative transformation degree functions for different types of quantity-quality transformation. 

It can be divided into two cases: one is the function that does not act on the qualitative benchmark 

and keeps the boundary clear; the other is the function that causes the boundary ambiguity of the 

qualitative benchmark. Based on the actual situation of image recognition in this paper, we will apply 

the former situation. 

3. Improved attribute point of interest model 

3.1 Overview of Points of Interest 

POI (Point of Information), also known as Information Point, feature Point and key Point, is a concept 

proposed in the field of computer vision and geographic Information system. It can greatly reduce the 

amount of computational data and improve the identification efficiency. As for the specific definition 

of the point of interest, different scholars have given many different explanations. This paper is based 

on the concept of image gray level, and uses The SUSAN interesting-point detection algorithm for 

research. 

3.2 Point of interest detection algorithms based on SUSAN 

SUSAN(Small Univalue Segment Nucleus) algorithm is a point of interest detection algorithm 

proposed by Smith and Brady in 1996. The algorithm was proposed on the basis of a USAN (Univalue 

Segment Homogenizing Nucleus). USAN refers to the region composed of pixels in a circular area 

with the same gray value as the center of the circle (or the difference between gray values is less than 

a certain threshold). This algorithm first assumes that pixels belonging to the same target in a small 

circular region have the same gray scale, and then counts the number of pixels in the USAN region. 

When the number of pixels reaches the local minimum and satisfies certain constraints, the center of 

its mask is determined as the point of interest. SUSAN can be used to detect edges or straight lines. 

An example image is shown in Figure 2, which is a dark rectangle with a bright background. A, B, C, 

D and E are five circular masks in different positions, with the center known as the nucleus. The mask 

contains pixels that are the same or similar to the nuclear grayscale, and the area formed by these 

pixels is called a USAN. As shown in Figure 2, in the grayscale flat rectangular region, USAN takes 

the maximum value, and the closer it is to the edge, USAN becomes smaller. When the mask core is 

not in the dark region, USAN becomes smaller, until the mask edge is not in contact with the dark 

region, USAN is 0. Using this property, we can extract edge and two-dimensional features from the 

image, which is the biggest feature of SUSAN algorithm. Since there are no steps such as image 

differentiation, this method has certain robustness to noise. 
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Figure 2. Circular masks at different locations in the image example 

 

To illustrate the principle in detail, we use a 26-pixel circular template with a radius of 3.4 pixels, as 

shown in Figure 3. 

 

Figure 3. Circular SUSAN template with 26 pixels 

 

In order to detect points of interest, the template is moved within the image pixel by pixel, and the 

gray value of each pixel is compared with the gray value of the template core, so as to calculate the 

size of each pixel's USAN region. According to equation (4), whether the grayscale value of a pixel 

and a mask core pixel in a certain part of the mask in the image is the same or not: 

𝑐(𝑟, 𝑟0⃗⃗⃗⃗ ) = {
1 𝑖𝑓|𝐼(𝑟) − 𝐼(𝑟0⃗⃗⃗⃗ )| ≤ 𝑡

0 𝑖𝑓|𝐼(𝑟) − 𝐼(𝑟0⃗⃗⃗⃗ )| > 𝑡
                        (4) 

In equation (4), 𝑟0⃗⃗⃗⃗  refers to the position of the mask core in the image, 𝑟 refers to the position of a 

pixel point in the mask in the image, 𝐼(𝑟) refers to the gray value of the pixel, and 𝑡 refers to the 

threshold of gray difference, which will only affect the number of points of interest detected but not 

the quality of the selection. Threshold reduction can detect more subtle changes and increase the 

number of points of interest. In the vast majority of cases, people choose a threshold number of 25. 

𝑐(𝑟, 𝑟0⃗⃗⃗⃗ ) is the output result after comparison. The size of USAN can be expressed as: 

𝑆(𝑟0⃗⃗⃗⃗ ) = ∑ 𝑐(𝑟, 𝑟0⃗⃗⃗⃗ )                              (5) 

In equation (5), S refers to the area of the USAN region, which is the sum of the pixel elements of 

the USAN. The larger S is, the more the number of pixels in the mask similar to the gray value of the 

current pixel is. The reverse is less. 

The next step is to enhance the image edge. According to the USAN area of each pixel in the image, 

it is taken as the significance measurement of the feature at that point. The smaller the USAN of a 

pixel is, the more significant the feature of that pixel is. We measure it according to equation (6) 

below: 

𝑅(𝑟0⃗⃗⃗⃗ ) = {
𝑔 − 𝑛(𝑟0⃗⃗⃗⃗ )  𝑖𝑓  𝑛(𝑟0⃗⃗⃗⃗ ) < 𝑔 

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                       (6) 

𝑅(𝑟0⃗⃗⃗⃗ ) refers to the edge detection response, reflect the basic principle of SUSAN, namely USAN 

area is smaller, the stronger the degree of edge detection, so as to realize the edge detection and 
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enhancement. 𝑔 is the preset geometric threshold, which is set by traditional researchers as 3𝑛𝑚𝑎𝑥/4, 

where 𝑛𝑚𝑎𝑥 refers to the maximum n value that the mask can get. Threshold G will have a certain 

influence on the quantity and quality of points of interest. If the threshold 𝑔 is reduced, the detected 

point of interest will have a sharp shape, otherwise it will be rough. 

3.3 Point of interest detection algorithms based on Canny 

In addition, Canny algorithm can also be used to extract similar points of interest. The following is a 

brief description of the main process of Canny algorithm :(1) using Gauss filter to smooth the image; 

(2) Calculate the amplitude and direction of the gradient based on the smoothed image; (3) Non-

maximum suppression is carried out according to the above gradient direction; (4) Set up upper and 

lower double thresholds to extract pixels of edge points of interest. Compared with SUSAN operator, 

Canny operator has the advantages of fast operation and higher detection accuracy. However, SUSAN 

operator is better than Canny operator in the segmentation effect, that is, the number of edge interest 

points obtained. Therefore, the specific comprehensive evaluation is shown in Chapter 3. 

In the actual processing, the image should be de-noised, smoothed, sharpened and other pre-

processing methods, as far as possible to eliminate the interference factors in the image. The detection 

results of interest points of Susan operator and Canny operator are shown in Figure 4: 

 

                       

(a) original image (b) Result of Susan operator detection (c) Result of Canny operator detection 

Figure 4. An example of point of interest extraction 

 

On this basis, the above extracted points of interest are improved and the color features in the original 

image are given. Considering that HSI space can better simulate the perception of real colors by 

human eyes and avoid the impact caused by the complexity of the shooting environment, it is selected. 

Based on this, the edge is grown and segmented, and the result is shown in Figure 5: 

 

､ 

Figure 5. Segmentation and enhancement of interest points based on attributes 

 

3.4 Target recognition algorithm based on the edge of attribute interest points 

Front introduces Jiali Feng attribute theory put forward by the teacher and the qualitative mapping 

model, is used for pattern recognition is an innovative theory, and thus puts forward the concept of 
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property interest to image target recognition, and details the property interest compared with the 

traditional point of interest relation and distinction between, and access and use of the target edge 

access and segmentation. In the following steps, the attribute theory and qualitative mapping 

mentioned above, as well as various qualitative information obtained from attribute points of interest, 

will be used to convert various quantitative features into qualitative features, so as to quickly, 

conveniently and accurately determine the targets to be recognized in the image. The algorithm steps 

are shown in Figure 6: 

 

Figure 6. Algorithm step flow chart 

 

3.4.1 The shape characteristic parameter calculation of the edge of the attribute point of interest 

Any target cut out in the image has its own attributes, such as the color of the attribute point of interest 

on the edge, the shape of the attribute point of interest on the edge, the orientation of the attribute 

point of interest inside the edge, etc. Each target has the same property, just different values. Through 

the above introduction, we have been extracted to each goal and its cutting and normalization, picking 

up the location of the point of interest, the chromaticity parameters, such as the next steps, we convert 

these attributes to a group of parameters, through numerical to describe the various features as much 

as possible, and try to eliminate all kinds of interference factors in different environment, improve 

the accuracy of parameters and representative. 

For shape features, the classical parameters that can be extracted include regional area, regional 

perimeter, regional center of mass, circularity, rectangularity, eccentricity, plumpness and so on. 

These features are of great significance for identifying translational, rotational and scale-invariant 

targets. However, considering that the environment where the actual data set is located is very 

complex, when the Angle, position and other factors change during data acquisition, the above 

parameters will inevitably have errors. Therefore, parameters that will not change dramatically should 

be mined to improve the accuracy of discrimination in the attribute coordinate system. Therefore, the 

introduction of the concept of invariant moment can make the target still maintain a certain parameter 

stability when the acquisition environment changes. 
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For 𝑝, 𝑞 = 0,1,2,3,…,Set 𝑓(𝑥, 𝑦) as two dimensional edge images, The target edge is composed of 

several attribute points of interest (𝑥𝑖, 𝑦𝑖),𝑖 = 1,2,3, …𝑁,The line invariant moment is defined as: 

𝑚𝑝𝑞 =∑𝑥𝑖
𝑝
𝑦𝑖
𝑞
∆𝑙𝑖

𝑁

𝑖=1

(7) 

In the type, 𝑙𝑖 = √(𝑥𝑖 − 𝑥𝑖−1)2 + (𝑦𝑖 − 𝑦𝑖−1)2. 

The central moment of order 𝑝 + 𝑞 is defined as: 

𝜇𝑝𝑞 =∑(𝑥𝑖 − �̅�)
𝑝(𝑦𝑖 − �̅�)

𝑞

𝑁

𝑖=1

∆𝑙𝑖 (8) 

In the type, �̅� =
𝑚10

𝑚00
,�̅� =

𝑚01

𝑚00
,(�̅�, �̅�) represents the centroid coordinates of the edge shape. The first 

moment reflects the center of mass of the area where the target edge is located, the second moment 

reflects the rotation radius of the area where the target edge is located, and the third moment reflects 

the azimuth and slope of the area where the target edge is located, namely the degree of distortion. 

If the image 𝑓(𝑥, 𝑦) scale transformation, means 𝑥′ = 𝑘𝑥,𝑦′ = 𝑘𝑦,𝑓(𝑥, 𝑦) should be multiplied 

by𝑘𝑝𝑘𝑞𝑘2,𝑘2 refers to the area change due to the scale change. Therefore, the central moment of the 

image after scaling transformation is 𝜇𝑝𝑞
′ = 𝜇𝑝𝑞 × 𝑘

𝑝+𝑞+2. However, for the curve at the edge, the 

reason for the change of perimeter is 𝑘, so the central moment after transformation should be 𝜇𝑝𝑞
′ =

𝜇𝑝𝑞 × 𝑘
𝑝+𝑞+1. 

The central moment of each order is normalized as follows: 

𝜂𝑝𝑞 =
𝜇𝑝𝑞

𝜇00
𝛾 (9) 

In order to satisfy scale invariance,𝜂𝑝𝑞 = 𝜇𝑝𝑞
′ , so: 

𝛾 =
1

2
(𝑝 + 𝑞 + 1) (10) 

Finally, using the normalized central moments of order 2 and 3, the eigenvalues of line moments are 

obtained as follows: 

{
 
 
 
 
 

 
 
 
 
 
𝜑1 = 𝜂20 + 𝜂02
𝜑2 = (𝜂20 − 𝜂02)

2 + 4𝜂11
2

𝜑3 = (𝜂30 − 3𝜂12)
2 + (3𝜂21 − 𝜂03)

2

𝜑4 = (𝜂30 + 𝜂12)
2 + (𝜂21 + 𝜂03)

2

𝜑5 = (𝜂30 − 3𝜂12)(𝜂30 + 𝜂12)[(𝜂30 + 𝜂12)
2 − 3(𝜂21 + 𝜂03)

2]  (11)

+(3𝜂21 − 𝜂03)(𝜂21 + 𝜂03)[3(𝜂30 + 𝜂12)
2 − (𝜂21 + 𝜂03)

2]

𝜑6 = (𝜂20 − 𝜂02)[(𝜂30 + 𝜂12)
2 − (𝜂21 + 𝜂03)

2] + 4𝜂11(𝜂30 + 𝜂12)(𝜂21 + 𝜂03)

𝜑7 = (3𝜂21 − 𝜂03)(𝜂30 + 𝜂12)[(𝜂30 + 𝜂12)
2 − 3(𝜂21 + 𝜂03)

2]

+(3𝜂12 − 𝜂30)(𝜂21 + 𝜂03)[3(𝜂30 + 𝜂12)
2 − (𝜂21 + 𝜂03)

2]

 

According to the above parameters, the edge of the target can be recognized in a more complex 

acquisition environment. 

3.4.2 Calculation of chromaticity characteristic parameters of the edge of attribute interest points 

Obtaining the color feature of the edge is also an important part of building attribute coordinate system. 

As described in Chapter 3, we still select the HSI color space and first obtain the edge three-channel 

data. The value range of H is [0,2π], and the value range of S and I is [0,1]. In order to facilitate the 

description of the color characteristics of the edge, improve the accuracy of the color of the edge and 

remove the interference of a few miscellany points, after obtaining the HSI value of the interest point 

of each attribute of the edge, the K-means clustering algorithm is used to carry out the following 

processing: 
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(1) Set the number of iterations K; 

(2) HSI values corresponding to N points were randomly selected from the edge as the initial seed 

points; 

(3) The HSI value of each attribute interest point pixel on the edge is traversed, and each pixel is 

divided into the nearest seed group; 

(4) The average HSI value of each population was calculated, and the mean HSI value was used as 

the new seed point; 

(5) Compare the values of the new seed points with those of the old seed points. If they are equal, the 

calculation ends and Step 6 is executed; If they are not equal, repeat Step 3 until the iteration has 

reached K times. 

(6) When the clustering calculation results converge or the number of iterations reaches K, the number 

of pixels in all seed groups is counted; 

(7) Calculate the HSI mean value of the seed group with the largest number of pixel points, and the 

HSI mean is the dominant color of the edge of the interest point of the desired attribute. 

3.4.3 An algorithm model for edge recognition of target attribute points of interest 

Any image target edge t also has many attributes, such as A(t) (area), P(t) (perimeter), etc. All types 

of target edges have the same attribute, but the value may be different. Through the previous 

introduction, we extracted the shape and chromaticity values of the edges in the depicted target, and 

carried out parameter transformation to determine the attributes of the relevant features in the first 

few sections of this chapter. Therefore, the attribute coordinate system can be established by taking 

the qualitative characteristics of these attributes as the coordinate axis and the quantitative 

characteristics of the attributes as the value of the coordinate axis. 

The quantitative feature of the edge of attribute interest point of any target is expressed as 𝑃𝑖, that is, 

𝑃𝑖 = (𝑥𝑖1, 𝑥𝑖2, … , 𝑥𝑖𝑘) , denotes that the quantity feature of the class I target is a set of vectors 

containing k kinds of parameters (the value of k is determined by the number of quantity features 

selected, including several shape features and three colorimetric features), and 𝑥𝑖𝑗 represents the 

quantity feature of the j-th attribute. Therefore, the quantitative features of many targets to be 

recognized can be expressed as a set of the following quantitative features: 𝑃 = {𝑃1𝑃2…𝑃𝑖}. 

Through the qualitative mapping model proposed above, combined with the quantitative 

characteristics of the target to which the edge of the attribute interest point belongs, the mathematical 

expression of the target recognition model to which the edge of the attribute interest point belongs 

can be given, that is, the mapping function f from the quantitative features to the qualitative features. 

The following will give a detailed introduction to the target recognition model to which the edge of 

the attribute interest point belongs. 

(1) Qualitative mapping model identifies the target that the edge of the attribute's interest point 

belongs to 

When an image to be recognized is obtained, after basic image processing, interest point detection, 

attribute interest point labeling, edge determination, optimization and segmentation, the target of each 

attribute interest point edge can be obtained, the target will become a point 𝑥(𝑥1, 𝑥2, … , 𝑥𝑛)(𝑛 = 𝑘), 
then the qualitative mapping model can be used to try to find the ideal type of the target that the edge 

of the attribute interest point to be recognized belongs to. The algorithm is as follows: 

𝜏(𝑥, 𝜉) =⋀(𝑥𝑖
?
⇒𝜉𝑖) =⋀𝜏𝑝𝑖(𝑢)(𝑥𝑖)

𝑛

𝑖=1

𝑛

𝑖=1

(12) 

This equation states that when 𝑥(𝑥1, 𝑥2, … , 𝑥𝑛) and the target 𝜉(𝜉1, 𝜉2, … , 𝜉𝑛)(𝑛 = 𝑘), then it can be 

determined that this object is the target type. 

(2)Similarity function -- weighted transformation degree function 
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In the attribute coordinate system for identifying the above targets, if the qualitative mapping model 

fails to identify the types of the targets, the similarity function will be considered to identify the targets. 

The similarity is the degree of similarity between a target to be measured and the standard target 𝛿𝑖 
neighborhood. 

In order to express the degree of similarity more clearly and intuitively, the concept of weight will be 

introduced. 

The significance of introducing weight is that it can represent the influence degree of different 

attributes on the test target recognition. The specific methods are as follows: 

In this paper, since there are several types of targets to be identified, the significance of introducing 

weight is how to make better use of and distinguish the variables used, so that they can better reflect 

the significant differences between different types of targets. In the object recognition of highway, 

for example, to distinguish the speed limit signs and road cones, shape features can reflect the 

difference between the two, so giving greater weight, when the speed limit sign and remove the speed 

limit signs, chromaticity characteristic can reflect the difference, therefore, giving greater weight, 

shape feature and difference is small, so give less weight. 

When the weights are set, the similarity function, the weighted transformation degree function, is 

introduced. 

Taking any target to be recognized as an example, suppose it is x^*, the target type of any standard 

object in the attribute coordinate system at the edge of the target's attribute point of interest is 𝑥𝑗 =

(𝑥𝑗1, 𝑥𝑗2, … , 𝑥𝑗𝑘, ), and its distance from 𝑥∗ to 𝑟(𝑥𝑗, 𝑥
∗) will be expressed as a gap between the test 

object and the standard object 

Then set the similarity function as: 

𝑠𝑎𝑡(𝑥𝑗, 𝑥
∗) = 𝜆(𝑥𝑗, 𝑥

∗)𝑔 (𝑟(𝑥𝑗, 𝑥
∗))                                               (13) 

Where, 𝜆(𝑥𝑗, 𝑥
∗) represents an undetermined coefficient, which may be temporarily set to 1 in this 

paper for the sake of discussion. 𝑔 (𝑟(𝑥𝑗, 𝑥
∗)) represents a function that reflects the similarity 

between 𝑥𝑗 and 𝑥∗. Where, when 𝑟(𝑥𝑗, 𝑥
∗) is satisfied, 𝑔 (𝑟(𝑥𝑗, 𝑥

∗)) = 1; And, when 𝑟(𝑥𝑗, 𝑥
∗) =

∞ , 𝑔 (𝑟(𝑥𝑗, 𝑥
∗)) = 0 . The transformation degree function described above just has the above 

characteristics, so the values of 𝑠𝑎𝑡(𝑥𝑗, 𝑥
∗) are selected as follows: 

𝑠𝑎𝑡(𝑥𝑗, 𝑥
∗) = exp (−

∑ 𝑤𝑗|𝑥𝑗 − 𝑥
∗(𝑧𝑗)|

𝑚
𝑗=1

∑ 𝑤𝑗𝛿𝑗
𝑚
𝑗=1

⁄ ) (14) 

For specific recognition, the outer edge and sub-edge composed of the attribute interest points of each 

extracted object to be tested are respectively processed in shape and chroma, and then the results are 

superimposed into the attribute coordinate system, and then put into the above formula, so as to obtain 

the similarity degree relative to any type of target. The similarity obtained by the weighted 

transformation degree function truly reflects the similarity degree between the target to be measured 

and any target of the indicated type. 

4. Experimental results 

The data set of image feature Detection used in this paper is TSDD(Traffic Sign Detection Database) 

data set in CTSDB(Chinese Traffic Sign Database) Database.TSDD contains 10,000 traffic scene 

images, including a variety of signs.The images were collected at different times, weather conditions, 

light conditions and motion blur conditions.The dataset was supported by the National Natural 

Science Foundation of China (NSFC).In order to facilitate the research, on the basis of this data set, 

we first conduct preliminary screening on this data set and select a number of traffic sign categories 

to be identified. The detailed categories of these categories are shown in Table 1: 
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Table 1. The Selected CSSDB-TSDD Dataset Category 

Category Subsections 

Maximum Speed Limit (pl) sign pl5, pl30, pl40, pl50, pl60, pl70, pl80 

Injunctive mark Stop,No Straight Through,No Left turn etc. 

Indicative mark Keep left, right, drive around the island, etc. 

Warning mark Watch out for pedestrians, T-crossings, reverse detours, etc. 

 

In addition to speed limit signs, the code names of all kinds of signs are shown in Figure 7: 

 

 

Figure 7. Traffic sign code 

 

It can be seen from the experimental results that the interest point extraction and image feature 

recognition model proposed by the attribute theory method in this paper have a high accuracy for 

target recognition and detection, especially for the detection of some blocked objects, still have a high 

recognition accuracy.The output results are shown in Table 2: 

 

Table 2. Recognition Rate of Various Methods 

Model pl sign Injunctive mark Indicative mark Warning mark 

Faster RCNN 95.7% 94.6% 93.8% 93.9% 

SUSAN 97.9% 96.8% 95.6% 94.4% 

Canny 97.1% 97.3% 95.8% 95.1% 

 

 

Figure 8. Time required for each model recognition 
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According to the above chart, the recognition efficiency can be achieved after the model is trained. 

The improved attribute point of interest model based on Susan and Canny is roughly the same, and 

can exceed the recognition accuracy of the classical Faster CNN. In addition, in addition to the 

training time, the identification consumption time of various models is also detected for different data 

volumes. The results show that the recognition efficiency of Canny operator is higher, as shown in 

Figure 8: 

5. Conclusion 

In this paper, the traditional point of interest extraction method is improved by adding color features 

to improve the edge detection and segmentation methods.In addition, the theory of qualitative 

mapping and transformation degree in attribute theory is re-expounded, and how to use these theories 

in image feature recognition is clearly pointed out, and the attribute coordinate system of 

quantification-quality transformation is set up to judge the image, and its validity is verified by 

experiments. 

There are still some improvements worth studying. First, how to remove the grayscale process of 

preprocessing and study the extraction method of interest points directly based on color images, so 

as to further improve the preprocessing speed of images to be measured;Second, to extract more 

effective information from points of interest to improve the identification accuracy of complex targets 

other than traffic signs; The third is to explore whether to improve other classical interest point 

detection operators;The fourth is whether it can be combined with other methods to judge and predict 

the dynamic change of the image target. 
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