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Abstract: In allusion to the characteristics of the complex shape and the regional 

feature for the mobile robot vision navigation in unstructured environment, this paper 

proposes an algorithm based on fuzzy-rough set theory for unstructured path 

recognition. Firstly, we established an adaptive charge-coupled device (CCD) image 

definition automatic control algorithm to capture the high definition image of 

navigation area. Based on the that a fuzzy-rough sets model(F-R model) for 

unstructured path recognition is constructed, making robots real-time accurate to 

identify the travelable area of unstructured roads. Experiments show that the approach 

excellently solves the path recognition problem in unstructured road environment, 

which is of strong anti-interference ability facing the changing lighting and road 

condition, and has superior real-time performance and reliability. The proposed 

method is of practical significance to improve the ability of autonomous exploration of 

mobile robots in unstructured environment. 
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1. Introduction 

Robot autonomous visual navigation technology has received extensive attention 

along with the continuous development of such technologies as machine vision and 

artificial intelligence. At present, in the application of robot autonomous navigation 

technology, vision has become an important approach for robots to sense external 

information and the main source of information acquisition. In particular, the use of 

visual guidance technology in unstructured environments can effectively improve the 

robot's environmental awareness and autonomous navigation capabilities. , Provides 

technical support for robots operating and autonomously exploring in environments 

with uncertainties and random factors[1]. 
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With the continuous enhancement of image processing technology and computer 

computing capabilities and the increasing cost-effectiveness of a large number of 

digital image processing devices, the vision-based autonomous navigation technology 

uses visual sensors to obtain external environmental information, with a wide range 

of signal detection, complete target information, and autonomy. The advantages of 

strong and flexible, have gradually been applied in many fields such as military, civil 

use, industry, agriculture, and scientific research[2]. 

In order to realize the reliable recognition of unstructured path and apply the image 

area ROI delineation algorithm to target detection, based on the machine vision 

techniques, we carry out the following research work.  

 

2. Image sharpness control method 

In the autonomous navigation of vision-based mobile robots, obtaining high-resolution 

and informative images is a prerequisite for the effective extraction of navigation area 

features. The optimization of image sharpness will directly affect the initial 

segmentation of subsequent vision guidance regions, the re-classification of path 

boundary regions, and the identification of unstructured pathways[3]. 

Firstly, several image sharpness adaptive control methods based on commonly used 

evaluation functions are analyzed and compared, and a sharpness adaptive control 

method based on improved TenenGrad image gradient is proposed. Its improved 

evaluation function is: 
3
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According to the CCD imaging principle, adding an inappropriate amount of CCD light 

integration time (a shutter time control parameter) under the defocus state will directly 

affect the sharpness of the image, so that the quality of the image cannot be 

guaranteed. To determine whether the current scene image is in focus, it is necessary 

to perform operations on the current image in the imaging system and combine the 

gradient function to obtain effective information[4]. 

Path images of different focus states under different CCD light integration time path 

images and optimal integration time shown in Fig. 1. the image definition results that 

based on the devised algorithms for different automatically CCD light integration time 

and focus states control shown in Fig. 2. 
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(a) 5ms (b) 15ms (c) 50ms (d) 90ms      (a) (d)(c)(b)  

Fig. 1 Representative image detection sequences: the first row is in different 

integration time; the second row is defocused statuses analysis 

 

Fig.2 Representative image definition curve features: the first row is in different 

integration time; the second row is defocused statuses analysis 

from the figure, the change range of the entropy function is relatively stable, and it is 

impossible to judge the sharpness of the image at all. The average gradient and the 

gray-scale difference function appear to have poor image sharpness evaluation under 

different light integration times and different focus states, and the evaluation results 

are presented. Different degrees of oscillation, and the evaluation results based on the 

TenenGrad function and the improved TenenGrad function show good unimodality and 

high reliability under different CCD optical integration times and different focusing 

states, and can effectively measure the sharpness of an image. , and meet the typical 

characteristics of the sharpness evaluation curve, but the improved evaluation method 

shows relatively excellent performance, and the result is closer to the actual sharpness 

of different images. 

 

3. Path identification method 

3.1 Initial segmentation 

For the unstructured environment features, to accurately segment and identify the 

image navigation path regions, the F-R model is first constructed based on the image 

gray features to construct the rough set upper and lower approximation sets and the 

boundary area to be divided to initially divide the target and background. Based on 

the division of the target and background regions, a relatively fuzzy connection degree 

(RFC) image segmentation algorithm is introduced to reclassify the boundary regions 

formed by the upper and lower approximation sets. Here, the fuzzy competition 



Volume 5 Issue 1 2018 

87 

mechanism based on RFC algorithm is mainly used to analyze the edge of the 

navigation path. Accurately depict. In order to determine the target and background 

reference seed set used in the process of the fuzzy competition mechanism, the Otsu 

algorithm is used to generate the reference seed point. The threshold is obtained 

through learning and can be obtained from prior knowledge or calculated online[5]. 

 

3.2 Rough Set Predefined Methods 

In this paper, we use the region definition method of rough set theory to divide the 

foreground, background and fuzzy area in the image. An image is expressed in the 

form of an information system, which is a collection of objects that are described by 

a set of attributes. According to rough set theory, Attribute subset 
roiroiQ A  is 

associated or not irrespective of an equivalence relationship[6]. 
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Image ROI region rough set feature description shown in Fig. 3. 

 

Fig.3 Image ROI region rough set delineation result 

 

3.3 RFC boundary area reclassification 

After Otsu algorithm initial segmentation and rough set pre-definition, a road reference 

seed set that can be used for the extension of fuzzy connectivity is obtained, and the 

image is divided into target area, background area, and boundary uncertainty area 

(fuzzy area). The traditional regional segmentation algorithm is difficult to distinguish 

the path boundary indefinite areas, there is over-segmentation or under-segmentation 

of misrecognition problems. Based on this, this paper introduces the RFC (relative 

fuzzy connectivity) region accurate delineation algorithm to accurately implement the 

path boundary area. rearrange[7]. the F-R reclassification method of image uncertainty 



Volume 5 Issue 1 2018 

88 

region shown in Fig. 4. 

( ) = min{ , ,..., }p   n1 2abμ                                             (4) 

ab ab

*(a,b)= max{ (p)| p P }                                          (5) 
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ab ab(S,b)= max (p)| p P &a S                                   (6) 

 

 

Fig.4 The F-R reclassification method of image uncertainty region 

 

3.4 Result analysis 
First, an image signal is acquired by a CCD camera and an image sequence containing 
an unstructured path is obtained, This paper selects the appropriate image sharpness 
adaptive control method to obtain the best sharpness image. Secondly, this paper uses 
Otsu algorithm to produce the initial seed point, and initially divides the visual guidance 
area to provide the required reference seed set for the fuzzy reclassification of the 
subsequent boundary area. Finally, on the premise of preliminarily determining the 
target area and background area, this paper constructs a suitable guide path 
recognition model, uses the method of dealing with uncertainty to accurately depict 
the guide path boundary, and obtains clear road and non-road areas. Unstructured 
paths are identified. 
In this work we devised an image fusion method for high-accuracy unstructured path 
recognition. For illustration convenience, in figure 5 shows ROI delineation results that 
based on the different algorithm and the improved algorithm of this paper, which the 
proposed fuzzy rough set algorithm for ROI segmentation provides the key technical 
support. 
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In order to further prove the accuracy of the method in this paper, these three methods 
are used to identify three different unstructured road environments under normal 
lighting, respectively, and they are continuous in each experimental video stream in 
three environments. The recognition results of the 100 frame images are counted. 
When the degree of similarity between the identified path result and the actual path 
of the test sample is more than 80%, it can be considered as the number of correctly 
recognized frames. If the similarity is lower than 80%, the number of frames is 
erroneously recognized. , record the number of frames that were incorrectly identified 
and calculate its accuracy. Experiment Comparison Path Recognition Results shown in 

Table 1. Among them, (a) represents the case of path identification based on the K-
means method, (b) represents the case of using the Gaussian kernel SVM (Support 
Vector Machine)-based approach for path identification, and (c) represents the fusion 
rough set of the paper. Fuzzy set of unstructured path recognition methods for path. 
 

a1 a2 a3a0

b1 b2 b3b0

c1 c2 c3c0
 

Fig.5 delineation results for different algorithm 
 

Table 1 Experiment Comparison Path Recognition Results 
Experiment 

path 

Test frame 

number 

Error frame number Accuracy Average accuracy 

(a) (b) (c) (a) (b) (c) (a) (b) (c) 

path 1 100 4 4 3 96% 96% 97% 94.67% 95.33% 96.33% 

path 2 100 6 5 4 94% 95% 96% 

path 3 100 6 5 4 94% 95% 96% 

 
Under normal illumination, the average accuracy of the three methods for identifying 
the three paths is 94.67%, 95.33%, and 96.33%. It can be seen from the experimental 
results that the unstructured path identification method based on the fusion fuzzy set 
and rough set proposed in this paper can Get higher accuracy than K-means based 
and Gaussian kernel SVM methods. 
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4. Conclusion 

In order to achieve reliable detection of unstructured paths and apply the precise 

target area rendering algorithm to the target detection field based on machine vision, 

this paper proposes an unstructured method based on rough fuzzy set theory for the 

accurate extraction and morphological description of unstructured roads. Road 

detection algorithm, and constructed FR model. The specific research contents are as 

follows: An automatic control method for CCD image sharpness is established to obtain 

images with rich information in the navigation area; the target, background, and 

boundary area are defined in advance using the rough set method; the RFC fuzzy 

image segmentation algorithm is used to pixelize the boundary area of the navigation 

path. Fuzzy reclassification, using an improved seed point automatic acquisition 

method, accurately and accurately depict the path guidance boundary of the mobile 

robot, and realize the robot's perception of the unstructured environment. 
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