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Abstract: The traditional recognition method takes the low-level information of the image as the 
foundation. The image recognition center of gravity is biased towards the typical features, and achieves the 
effect of recognition by region-dependent segmentation. Because the general image segmentation is a 
regular rectangle, easily lead to the same target is divided into different sub-blocks, ignoring the image of 
the fuzzy part, so the image recognition is not complete. An image recognition algorithm based on three-
way decision is proposed. It takes full advantage of effective information in the image, improving the image 
recognition accuracy. First, this method divided the image into three regions: positive region, negative 
region and delay decision region. Second, an iterative process is performed on the region of the delay 
decision. Final, image recognition is performed on the positive sample region. Based on the basic theory of 
the three-way decision, the more obvious the decision result is, the more iterations are, and the information 
is added to the classifier until the blurred part of image cannot be divided. Finally, to achieve the realize 
effective image recognition. This method simulates the process of human cognition effectively, and makes 
the utilization of the effective information reach the maximum in the recognition process. The results of the 
experimental analysis showed that the method is more concise and efficient, and the recognition accuracy is 
more accurate. 

1 INTRODUCTION 
Image recognition refers to the use of computers to image 
processing, analysis and understanding to identify a 
variety of different models of the goals and the objects of 
the technology. Based on content of image recognition is 
a very active research field since the 1970s, its driving 
force is derived from two major research directions: 
database system and computer vision [1]. At present, the 
initial image recognition research focused on how to 
select the appropriate global features to describe the 
image content and what kind of similarity measure for 
image matching. Owing to the immaturity of computer 
vision and artificial intelligence, the further development 
of image recognition is affected. Because of the global 
image features, this method is only suitable for simple 
images or background images.  

In recent years, based on image recognition related 
feedback technology has also become a research hotpot. 
At present, the computer vision and pattern recognition 
technology cannot achieve the object of high efficiency 
recognition, which makes it difficult to describe the 
semantic and abstract layer semantics of object layer. 
Therefore, the study of image semantic features is 
focused on the first layer of semantic feature mode [2]. 

Because the simple semantic feature extraction and 
analysis is based on the use of complex semantic 
information, and the computer's understanding of the 
image content generally refers to the image of the low-
level visual features, such as color, texture, shape, etc... 
In fact, the human understanding of the content of the 
image far more than the visual features of the image. 
There is a large gap between the low-level and the high-
level semantic features of the image, called the "semantic 
gap" [2,3].  

In summary, the general image recognition methods 
are based on the image of the low-level semantics to 
study. Due to the computer's performance, can only be 
programmed to perform a single instruction, resulting in 
the general method of image recognition rate is low. How 
to improve the image recognition rate and understand the 
deep semantics of the image becomes the research 
direction which needs to be solved urgently. 

At present, three-way decision theory is applied to 
solve complex problems and computer simulation of 
human thinking methods. Many scholars combined the 
three-way decision and particle computing in the study, 
and most scholars focused on image recognition research 
about describe the image content (low-level information), 
and it is still less that integrating the classifier to improve 
the classification performance of the method. Due to the 
complexity content of the image (high-level semantics), 
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the image classification task is very difficult, and the 
three-way decision theory is generally used for fuzzy 
information, which can effectively classify the fuzzy 
information in the image in order to achieve the purpose 
of improving the image recognition rate. In this paper, we 
purposed an image recognition algorithm based on the 
three-way decision, and we improved the image classifier 
algorithm. 

2 RELATED WORKS 
Image recognition is to classify the processed image. 
First, the category name is determined. Then, the feature 
to be extracted is selected on the basis of the 
segmentation, and some parameters are measured. 
Finally, the image is classified according to the 
measurement result. In order to better recognition the 
image, we need to analyse the whole structure of the 
image, describing the image, so that the main information 
of the image to get an explanation and understanding, 
and through many of the structural relationship to deepen 
understanding of the image. So, the image recognition is 
in each of the parts after the division, to find its shape 
and texture and other characteristics, that is feature 
extraction (sometimes including image segmentation), in 
order to classify the image, and structural analysis the 
entire image. 

At present, the mainstream image recognition process 
includes pre-processing, image segmentation, image 
feature extraction, image classification. 

The three-way decision theory is developed in recent 
years, a method of dealing with uncertainty decision-
making, is a complex human cognitive "Trisecting and 
Acting" model [6]. The three-way decision theory is a 
decision-making model based on human cognition [6,12]. 
Which argues that people can make quick judgments 
immediately in the course of actual decision-making, for 
those who have a good grasp of acceptance or rejection. 
Immediate decision-making things, people tend to 
postpone the judgment of the incident, that is delay 
decision [6]. In the process of practical decision-making, 
there are the complexity of the decision-making 
environment, the incompleteness of the information 
acquisition, the inconsistency of the expert opinions in 
the group decision-making [7]. The uncertainty of the 
knowledge and the ambiguity of the thinking situation, 
the decision-maker in most cases it is difficult to 
accurately give the specific value of the loss function. In 
general, the meaning of uncertainty is broad, including 
randomness, ambiguity, imperfectness, instability and 
inconsistency [8]. The three-way decision is divided into 
two modes: the double evaluation function and the single 
evaluation function [12]. 

Definition 1: The three-way decision based on the 
double evaluation function [6] 

Definition 2: The three-way decision based on the 
single evaluation function [6] 

Axiom 1: The more knowledge, the three-way 
decision is clearer [13] 

The more information is known, the more likely it is 
to accept and reject the decision. The less likely it is to 

promise, the smaller the known information, the less 
likely to accept and reject, and the greater the likelihood 
of no commitment. The more the features of the set are 
extracted, the more the same or opposite properties can 
be determined. The less the different attributes are, the 
more accurate the degree of association is. The less the 
feature extraction is, the less the same or the opposite the 
more attributes, the degree of contact is rougher. 

3 THE THREE-WAY DECISION IN 
IMAGE RECOGNITION 

To improve the accuracy of image recognition has 
always been a difficult problem in the field of image 
recognition. In general, the research of image recognition 
focuses on the low-level visual features of images, which 
leads to a single image recognition algorithm, and the 
researchers focused on the research in the low-level 
visual feature points. It is easy to result in the recognition 
of the useful information in the image is not complete, 
thus reducing the image recognition rate. In this paper, 
we proposed an image recognition method based on 
three-way decision, which makes useful information in 
the image to make the image recognition more accurate. 
 The main problem of existence 

The image segmentation of the rules causes the same 
objects to be split into different sub-blocks. 

At present, most scholars focus on the classification 
of image recognition in the description of image content 
(the low-level information), such as color, texture, shape, 
etc... In fact, the human understanding of the image 
semantic information expressed much more the visual 
features. The existing image segmentation usually 
divides the image directly into a regular rectangle, 
causing the same objects to be divided into different 
image sub-blocks, resulting in errors in the classification. 
Existing methods of identification for improved fusion of 
classifiers in order to improve image recognition 
performance are still less. Due to the complexity of the 
image information, the image classification task is 
difficult, and the image semantic classification is still a 
challenging subject in the field of image recognition and 
computer vision. 
 The three-way decision in image recognition 

In view of the above problems, this paper proposed an 
image recognition method based on three-way decision. 
The method uses three mechanisms to deal with fuzzy 
information. The uncertain regions of different sub-
blocks in image segmentation will be judged again. 
Because this method divided the image by increasing the 
decision condition of the classifier, the images in 
different sub-blocks are divided into the same sub-blocks 
in the process of continuous iteration, which effectively 
avoids the problems in traditional method. Each of the 
three-way decision classifier to increase the conditions of 
the decision is from the existing conditions after the 
screening of information, so each increase in the 
information according to the current image of their own 
attributes, and constantly adjust the partition region, thus 
achieve accurate recognition purpose. 
 Technological Scheme 
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In this paper, we used efficient image segmentation 
method to improve the recognition rate. We used the 
multi-feature, segmentation, detection, multi-classifier 
and other methods, the depth of the sample image 
training, in reducing the image loss at the same time, 
splitting the target region, and retraining the new 
information. The composite SVM used in this paper is an 
improved version based on SVM. The final detection and 
recognition is realized by fusion and segmentation. 
Aiming at the problem of low recognition rate of general 
method, this paper proposed an image recognition 
method based on three-way decision. According to the 
characteristics of human cognitive things. Because of the 
unique decision-making characteristics of the three-way 
decision, the new decision information is added to the 
decision-making condition in the initial judgment 
condition. After completion, the positive and negative 
regions that have been divided will be trained as a new 
training set, and a new judgment condition will be added 
to the region of the delay decision until the region of the 
delay decision cannot be divided. Finally, the image 
recognition is performed. As stated in Axiom 1, each 
training will add new decision conditions to make the 
classification of the three-way decision classifiers is 
clearer, the delay decision-making part of the smaller and 
smaller, until a certain critical value, and finally to 
achieve the image recognition.  

According to the above method, put forward the 
technical roadmap, as shown in Figure 2. 
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Boundary region

N

N
N

Identi fy the region

Classify according to training result

Image to be recognition

 Use the complex 
SVM to recognition 

the part of the image.
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Figure 2: Technology Roadmap. 

4 IMAGE RECOGNITION ALGORITHMS 
BASED ON THREE-WAY DECISION 

Corresponding to the three-way decision, we use ,   
and , respectively, that acceptance, rejection and delay 
decision. Assuming that the evaluation function is 

defined as ( [ ])rP X | x , the risk function is ( )R Δ | x , where 

the decision action for x is . Based on the cost matrix 
given in Tab 1, the following states can be estimated as 
follows: 

Acceptable: ( ) = ( | [ ]) + (1- ( | [ ]))αp β βR α | x λ P X x P X x ; 

Refuse: ( ) = ( | [ ]) + (1- ( | [ ]))βp β βR β | x λ P X x P X x ;  

Delay decision: β( ) = ( [ ]) + (1- P ( | [ ]))ξp βR ξ | x λ P X | x X x . 
In the decision-making process, based on the risk 

function, select the risk of the smallest decision-making 
action: When the condition 

( ) ( ) ( ) ( )R α | x R r | x R α | x R n | x    is satisfied, the acceptance 
is selected; when the condition 

( ) ( ) ( ) ( )R r | x R α | x R r | x R n| x    is satisfied, the rejection is 
selected; when the condition 

( ) ( ) ( ) ( )R n| x R α | x R n| x R r | x    is satisfied, the delay 
decision is selected. Assumed that the risk function 
satisfies the following conditions: 

p p p     
， n n n      , 

p p p p

n n n n

   

   

   
   

 


  . 
By substituting ( )R | x , ( )R r | x  and ( )R n| x  into the 

above three inequalities, the following results can be 
obtained: 

If ( [ ])rP X | x  , select accept; if [ ]rP X | x （ ） , select 
reject; if [ ]rP X | x  （ ） , select delay decision. 

Table 1: Two Kinds of State Decision Problem Matrix. 

Decision action Objective state 
Satisfaction： Dissatisfaction： 

Acceptance:   p  n  
Rejection:   p  n  
Delay decision: 
  

p  n  

Based on the above theory, the following algorithm is 
proposed. Algorithm 1 is an image classifier algorithm 
based on three-way decision. we purposed to divide the 
image into three regions, and did the preliminary work 
for the recognition of algorithm 2. Algorithm 2 is a 
recognition algorithm based on three-way decision, 
through the algorithm 1, the image segmentation of the 
part of the recognition. 

Algorithm 1: Image Classification Algorithm based 
on Three-way Decision 

Input: The image dataset  . 
Output: An image classifier M based on three-way 

decision. 
Begin 
Step1: Input the image training dataset  . 
Step2: According to the state condition in Table 1, 

classifier parameters p , n , p , n , p , n  are 
trained. 

Step3: The positive sample region is obtained 
according to the value of formula:

n n

n n p p

 

   

 


   



  （ ）（ ） ,The negative sample region is 
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obtained according to the value of formula:
n n

n n p p

 

   

 


   



  （ ）（ ）. 

Step4: The delay decision region is obtained 
according to the value of  . and     . 

Step5: Output the image classifier M. 
End 
Through this algorithm, the image dataset is trained to 

get an available classifier based on three-way decision. 
Algorithm 2: Image Recognition Algorithm based on 

Three-way Decision 
Input: Image C to be recognized.  
Output: The Image Recognition Result N. 
Begin 
Step1: Input the image C. 
Step2: Using the classifier M in algorithm 1, the 

image C is divided into three regions: positive region(P), 
negative region(N), delay decision region(B). 

Step3: It is determined whether or not the delay 
decision region(B) has reached the recognition threshold 

value 

' '

' ' ' '= n n

n n p p

 

   

 


   


  （ ）（ ）, and if not, repeat step 2 
for the B region. 

Step4: If the   achieve the threshold, use the complex 
SVM to recognition the region of the image. 

Step5: Output the image recognition result N. 
End 
Through this algorithm, the image is classified by the 

classifier obtained in Algorithm 1, and iterative 
processing is performed to obtain the image recognition 
result. 

5 EXPERIMENT 
 Multiple Objects Recognition Based on CIFAR-
10 Dataset 
The CIFAR-10 [14] is labeled subsets of the 80 million 
tiny images dataset. They were collected by Alex 
Krizhevsky, Vinod Nair, and Geoffrey Hinton. The 
CIFAR-10 dataset consists of 60,000 32 32  color images 
in 10 classes, with 6,000 images per class. There were 
50,000 training images and 10,000 test images. The 
dataset is divided into five training batches and one test 
batch, each with 10,000 images. The test batch contains 
exactly 1,000 randomly-selected images from each class. 
The training batches contain the remaining images in 
random order, but some training batches may contain 
more images from one class than another. Between them, 
the training batches contain exactly 5,000 images from 
each class. The original dataset is a single target image. 
In order to verify the accuracy of the three-way decision 
classifiers, four images in the original dataset are 
synthesized in this experiment, each test item has four 
targets to be recognized. 

The experimental results are shown in Tab 2, this 
experiment uses the 4,000 pictures provided in the 
dataset, test each type of random selection of 400 
pictures, each experiment for 100 pictures, the final 
results take the average. As shown in the above table, the 
average accuracy rate of the method is 87.58% and the 
average F-Measure is 87.06% in the dataset CIFAR-10, 
and the recognition rate based on the three-way decision 
classifiers can get higher recognition rate and accuracy 
rate. 

 

Table 2: Based on the three-way decision CIFAR-10 multi-target recognition rate. 

Species Airplan
e 

Automobil
e 

Brid Cat Deer Dog Frog Horse Ship Truck 

Quantity 100 100 100 100 100 100 100 100 100 100 

Precision 86% 86.5% 90% 83.75% 81.75% 86% 89.5% 90.5% 90% 91.75% 

Recall 91.68% 89.48% 92.08% 87.22% 84.61% 88.64% 81.55% 92.47% 89.78% 83.23% 

F-Measure 88.75% 87.96% 91.03% 85.43% 83.16% 85.99% 85.31% 91.47% 89.89% 87.34% 

 

 Multiple Objects Recognition Based on Car 
detection on UIUC Dataset 

The UIUC dataset [15-19] captures images of side views 
of cars with resolution 40 100  pixels. The training set 
contains 550 positive samples and 500 negative samples. 
The test set is divide into two subsets: 170 single-scale 
test images, containing 200 cars at roughly the same 
scale as in the training set, and 108 multi-scale test 
images, containing 139 cars at various scales. 

Table 3: Recognition rate comparison based on UIUC dataset. 

Method 
UIUC Dataset 

Precision Recall F-Measure 

CS-AdaBoost [15] 95.5% 95.1% 95.3% 

AdaBoost+LDA [16] 97.8% 99.41% 98.6% 
AdaBoost [17] 98.6% 98.6% 98.6% 
Pruning [18] 97.8% 99.41% 98.6% 

FD [19] 99.28% 97.8% 98.6% 

3WD 99.41% 99.12% 99.26% 

The experimental results are shown in Table 3, for the 
UIUC dataset, where the dataset in the image 
characteristics of which 3WD (three-way decision) for 
the proposed method, FD (fast detection framework) for 
the fast detection framework [19], all the data in the table 
is average, Figure 4 shown that the accuracy of image 
recognition based on three-way decision is higher than 
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that of the fast detection framework (FD). The method of 
recognition rate of 99.41%, F-Measure of 99.26% 
slightly higher than the FD method. 
 Multiple Objects Recognition Based on Car 

detection on KITTI Dataset 
The KITTI dataset [19] was co-founded by the Karlsruhe 
Institute of Technology and the Toyota American 
Technology Research Institute. It is the largest 
computerized visual algorithm evaluation data set in the 
world. The dataset is a recently proposed challenging 
dataset which consists of 7481 training images and 7518 
test images, comprising more than 80 thousand of 
annotated objects in traffic scenes. In this paper, the 
image of the car is used to experiment and compare, and 
the method of comparison is also used as the 
experimental object of the car information in the image. 
The experimental results as shown in Tab 4. 

Table 4: Recognition rate comparison based on KITTI dataset. 

Method 
KITTI Dataset 

Precisio
n 

Recall F-Measure 

mBoW [20] 36.02% 56.3% 43.93% 
MDPM [21] 71.19% 65.05% 67.98% 

DPM-
C8B1[22] 

74.33% 69.92% 72.06% 

OC-DPM [23] 74.94% 69.53% 72.13% 
AOG [24] 80.26% 74.23% 77.13% 

SubCat [25] 81.94% 76.98% 79.38% 
Regionlets 

[9,10] 
84.75% 78.83% 81.68% 

FD [18] 87.19% 80.85% 83.9% 
3WD 89.27% 88.45% 88.86% 

As shown in Tab 4, the recognition rate of the image 
recognition method (3WD) based on three-way decision 
is 89.27%, the F-Measure is 88.86%, higher than the fast 
frame method (FD). The methods used in this paper have 
higher accuracy and F-Measure than other methods. 

6 CONCLUSION 
In this paper, we proposed a novel method image 
recognition that based on three-way decision theory. 
firstly, we invoked the three-way decision method in the 
field of image recognition. Secondly, we improved the 
composite SVM algorithm that through the various of 
classifier. Finally, through these two methods, the image 
recognition rate is improved. The experimental results 
shown that in the case of the same experimental dataset, 
the image recognition based on three-way decision has a 
significant improvement in accuracy compared with the 
traditional image recognition method. To the future work, 
Optimization of the running time of image recognition is 
an important topic. And the same time, we will attempt 
on improve the image recognition method based on 
three-way decision classifier, and use a variety of 
recognition methods for image recognition to further 
improve the image recognition accuracy. 
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