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The conveyor belt deviation occurs frequently, and it will finally lead to an acci-
dent, so its detection has triggered skyrocketing attention from both industry and 
academia. In this paper, an adaptive segmentation model and a belt offset quanti-
fication model are established for continuous online detection of the conveyor 
belt deviation status. The results show that the degree of the conveyor belt devia-
tion can be quantitatively calculated and its deviation status can be objectively 
evaluated. This technology has opened the path for a new way to on-line continu-
ously detect the conveyor belt deviation.  
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Introduction 

Belt conveyors, as an important equipment for bulk material transportation, are 

widely applied in the fields of coal, metallurgy, mining, electric power, and building materials 

owing to their advantages in long transportation distance, large transportation volume, stable 

operation, and convenient loading and unloading. The conveyor belt is a critical carrying and 

traction component, whose safe and stable operation affects directly the production safety and 

economic benefits. Since belt conveyors work in a complex and harsh environment and run at 

high loads for prolonged time, conveyor belt faults are frequently encountered, among which 

the deviation fault is the most common one [1, 2]. If the deviation fault is not discovered and 

handled timely, it will cause material spilling and aggravate rubber abrasion in less severe 

cases, which leads to material loss and low production efficiency, and the belt service life will 

be also greatly affected. In more severe cases, the conveyor belt will roll and hang up to cause 

longitudinal tearing, which leads to human casualty and equipment damage, and huge eco-

nomic losses occur, thereby production safety is seriously affected. Hence, real-time monitor-

ing of the conveyor belt deviation fault is necessary during operation. Once the deviation oc-

curs, an alarm or shutdown should be activated timely to avoid major accidents. 

Currently, the deviation detection devices for conveyor belts in engineering practices 

adopt mostly deviation switches. Upon occurrence of instantaneous deviation or presence of a 

large material block on the conveyor belt edge, the belt or material block often collides with 

the deviation switch, causing false alarms. Its false alarm rate is too high to prevent the dam-
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age easily, and people suffering from the false alarms lack an immediate action when the dan-

ger is approaching. As a qualitative detection device, the deviation switch often detects only 

two fixed deviation positions, and it is incapable of monitoring the continuous position 

change of conveyor belt operation center, and thus cannot accurately assess the degree of de-

viation. Given the inefficient detection of deviation faults, the longitudinal tearing accident of 

conveyor belts occurs occasionally. Hence, this paper aims to improve the accuracy of devia-

tion fault identification by achieving the real-time monitoring of conveyor belt center position 

and the quantitative description of deviation degree, which is conducive to enhancing the 

conveying efficiency of conveyor belts and ensuring their safe and stable operation. 

The conveyor belt deviation detection technology has received skyrocketing at-

tention from industrial and academic communities. Several authors [3-5] have carried out re-

search on the mechanism of the conveyor belt deviation and suggested an automatic correc-

tion method to find relationship among various parameters, e.g. the belt material parameters, 

dynamic parameters, and speed. Gao et al. [6] used a multi-view adaptive image enhancement 

algorithm to suppress the impact of uneven illumination, which laid a foundation for detecting 

conveyor belt faults like deviation and surface damage. Zhang et al. [7] developed a deviation 

detection system using a line laser generator and LABVIEW platform, which achieved relia-

ble real-time detection of conveyor belt deviation faults. Zeng et al. [8] proposed a real-time 

conveyor belt detection algorithm based on multi-scale feature fusion network, and optimized 

the network with a novel weighted loss function, thereby the detection efficiency of conveyor 

belt edges was remarkably improved. Yang et al. [9] proposed a fast image segmentation al-

gorithm to monitor the longitudinal tear and deviation of the conveyor belt. Yang et al. [10] 

adopted the improved Hough Transform algorithm to extract the belt deviation characteristics. 

A detection method of coal quantity and deviation of belt conveyor based on multi-task con-

volutional neural network was proposed in [11]. Currently, all of the mentioned methods are 

in the laboratory research phase, so their adaptability and reliability to practical engineering 

applications deserve further exploration. 

Image acquisition device 

In order to obtain the dynamic offset in-

formation about the conveyor belt, this study uses 

an image acquisition device which is installed be-

tween the upper and lower belts. Three linear 

LED light sources and a linear array charge cou-

pled device (CCD) camera with 2048 px and a 

maximum line frequency of 19 kHz are used. The 

structural arrangement is shown in fig. 1. The lin-

ear light Source 2 is placed transversely, and the 

linear light Sources 1 and 3 are placed obliquely. 

The position is generally similar to the arc shape 

of the conveyor belt. 

Adaptive segmentation algorithm  

for conveyor belt images 

The imaging technology is widely used in health analysis [12-18]. The line scan 

camera captures continuously images along the width direction of the conveyor belt, a row of 

pixels is constituted for the belt image. By continuous capturing of the conveyor belt in opera-

 

Figure 1. Image acquisition devices for 
monitoring conveyor belt deviation 
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tion, a frame of image ( , )I i j  is formed, where ,i H ,j W  and H, W denote the height and 

width of the image, respectively. The reflected light intensity of the jth point of linear light 

source after irradiating the rubber surface is defined as y(j). With the operation of the convey-

or belt, the light intensity is received by the jth phase element of the linear array camera, 

which outputs the jth column of the conveyor belt image. Clearly, the mean gray value m(j) of 

pixels in the image jth column is directly proportional to the value of y(j), that is, ( ) ( ).m j y j  

Normally, the detection target's response y(j) to light intensity is rather strong, while the re-

sponse of non-detection objects is rather weak. A response greater than k1y(j) can be regarded 

as the detection target-related part. Otherwise, it is a non-detection object. Here 1 [0,1]k   and 

1 1( ) ( ),k y j k m j  so k1m(j) can be used as a discrimination threshold between the image fore-

ground and background. 

The mean column vector of conveyor belt image I(i, j) is computed: 

 

1

1
( ) ( , ), 1,2,3, ,

H

i

m j I i j j W
H =

= =  (1) 

The foreground and background attributes of image can be expressed: 

 1( , ) sign[ ( , ) ( )]z i j I i j k m j= −   (2) 

If z(i, j) = 1, it represents the image foreground; otherwise, z(i, j) = 0 or –1 repre-

sents the image background. 

A segmentation model for conveyor belt images is built, and the model output Io(i, j) 

is: 

 ( , ) 0.5 0.5sign[ ( , ) 0.5 ( , ) ( ) ]oI i j I i j z i j m j = − − +  (3) 

where ε denotes an arbitrary minimum value greater than zero. 

To solve the adjustment coefficient 1k , an objective function is created: 

 ( ) 10/En( ) Area( ) 0.7Std( )o o o oO I I I I= + +  (4) 

where 
255

0 2En( ) logo n n nI p p== − , pn denotes the appearance probability of gray value n. The 

area and standard deviation of image Io obtained by Area(Io) and Std(Io), respectively. That is 

capable of minimizing the objective function O(Io) upon obtaining the optimal parameter 
*

1k  . 

Finally, by taking eq. (4) as the objective function, the adjustment coefficient of the 

segmentation model in eq. (3) is solved with the artificial bee colony algorithm, where the to-

tal number of bee colonies is set to 40, the total number of nectar sources is 20, the maximum 

iteration times are 10, and the maximum update times 10. 

Taking the conveyor belt image with uneven illumination in fig. 2(a) as an example, 

fast image segmentation during deviation fault detection is illustrated. As shown in fig. 2(b), 

the attributes z(i, j) of foreground and background in fig. 2(a) are computed, where the part 

with high brightness represents foreground, and the rest represents background. Using the ar-

tificial bee colony algorithm, the parameter value of 1k  is calculated to be 0.52, and fig. 2(c) 

presents the image segmentation result. Clearly, the left and right edges of the conveyor belt 

are very distinct. Through column projection, the position co-ordinates of belt left and right 

edges can be easily obtained. Figure 2(d) is derived by performing column projection and 

normalization on fig. 2(c). Based on the figure, the left and right edge co-ordinates of the con-

veyor belt are computed as Lx = 91 px and Rx = 402 px, respectively. 
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Figure 2. Fast detection of conveyor belt edge; (a) original image, (b) foreground and background 
attributes, (c) segmentation result, and (d) vertical projection of image (c) 

Computation of global conveyor belt offset 

The deviation fault of conveyor belt is characterized by a serious global deviation in 

the belt, which is represented by the deviation schematic shown in fig. 3. The central co-

ordinate of the conveyor belt runway is O, and the 

central co-ordinate of the conveyor belt following 

global offset is O1. Besides, the left and right edge 

co-ordinates of the rectangle circumscribed by the 

conveyor belt are Lx and Rx, respectively. 

Prior to detecting the belt deviation fault, it is 

necessary to determine the central co-ordinates of 

runway and the reference bandwidth of conveyor 

belt. The belt is operated for at least one week in 

the normal operating state without deviation to cal-

culate the belt width and central co-ordinates in 

various images, and the means are used as the ref-

erence bandwidth Wb and runway central co-

ordinate O. In engineering practice, these two basic parameters need to be calibrated at inter-

vals, and the site management engineers are responsible for determining the interval length 

based on practical experience. 

The overall offset Es of the conveyor belt is expressed by the ratio of the distance 

between circumscribed rectangle central co-ordinate O1 and runway central co-ordinate O to 

the belt width Wb. Exploiting the geometric relationship in fig. 3, the computational formula 

for global offset is derived: 

 
b

2
100%

2
s

Lx Rx O
E

W

+ −
=  (5) 

In fig. 3(a), Lx = 91 px, Rx = 402 px, Wb = 311 px and O = 256 px. The global offset 

Es is calculated to be 3.06%. 

Deviation degree quantification and  

deviation fault identification 

During operation, the conveyor belt often undergoes instantaneous deflection, which 

returns to normal after a period of time. This is a normal phenomenon. To avoid problems like 

false alarms upon instantaneous drastic deflection of the conveyor belt, severe deviation with-

 

Figure 3. Schematic of conveyor belt 
deviation 
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out reaching alarm threshold and prolonged deviation without alarming, the deviation degree 

is used as a measure herein to identify the deviation faults of global offset. Assuming two 

identification thresholds of deviation fault are L1 and 11 2( ),LL L  when the global offset is 

less than or equal to L1, it belongs to the normal defection within the allowable range, with a 

deviation degree of 0. When the global offset is continuously greater than L1, the accumulated 

deviation at the ith moment A(i) is calculated by: 

 
1 2( ) ( 1) , when   ( 1)

( )
( )  othe, rs

s f s

s f

E i L A i L E i L
A i

E i L

+ −  − 
= 


 (6) 

where ( )sE i  is the global offset corresponding to the ith moment, A(i – 1) – the accumulated 

deviation corresponding to the i–1st moment, and Lf is the distance travelled by conveyor belt 

within the time range Δt  of image acquisition per frame. Its expression is: 

 
line

f

HV
L tV

f
=  =  (7) 

where H is the image height per frame, V – the travel speed of conveyor belt, and fline – the 

line frequency of line camera. The accumulated deviation A(i) can be understood as the con-

tinuous deviation length corresponding to the case of continuous belt deviation. Longer con-

tinuation of deviation indicates faster travel of the conveyor belt and larger length of continu-

ous deviation. 

When the global offset at a certain moment is greater than L1 but discontinuous, the 

accumulated offset returns to 0. When the global offset at a certain moment is greater than L2, 

the deviation degree takes the maximum value A0. To sum up, the deviation degree DLs(i) of 

the conveyor belt at a certain time moment is: 

 

1

1 2

0 2

0, when   ( )

( )   ( )   when   ( )

 when   ( )

s

s s

s

E i L

DL i A i L E i L

A E i L




=  
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 (8) 

After repeated experimentations, in accordance with the GB/T10595-2009 Standards 

for Belt Conveyors, the primary offset threshold L1 is set to 5%, the secondary offset thresh-

old L2 is set to 15%, and A0 to 10. These thresholds can be appropriately adjusted as per actual 

conditions. 

Experimental tests are conducted repeatedly with laboratory conveyor, where the 

deviation degree thresholds Th1 and Th2 are set to 40 mm and 70 mm, respectively. When the 

deviation degree is greater than 40 mm and less than 70 mm, an alarm is given, and when the 

deviation degree is greater than 70 mm, an alarm is given and the conveyor is halted. In actual 

field applications, the primary and secondary offsets of deviation, and the alarming and shut-

down thresholds of deviation degree can be adjusted as per actual in-situ conditions. 

Analyses of results 

To examine the real-timeliness and accuracy of deviation fault detection, image cap-

turing is performed on the conveyor belt with a global offset of 5% that is running at 0.72 m/s, 

1.08 m/s, 1.44 m/s, 1.80 m/s, and 2.16 m/s, respectively. Figure 4 details the deviation states 

of the conveyor belt. The image resolution is 2048 × 1024 during capturing, and for each im-
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age, 5 rows of data are extracted at equal inter-

vals for computation of global offset. Analysis 

is performed herein on the image data with an 

acquisition duration of 30 seconds.  

Experimental analysis at an identical  

camera line frequency 

At different rotation speeds, the line fre-

quency of line camera is set to 1600 Hz for cap-

turing the conveyor belt images and calculating 

their global offsets. Table 1 lists the results of 

global offset analysis. According to the table, 

the mean global offsets are very close to the 

true values at different speeds, showing relative 

errors within 5%. The computational duration 

of image data sampled for 30 seconds is less 

than 750 ms, and the mean time consumed per 

frame image is 14.9 ms. Obviously, both the 

accuracy and real-timeliness of global offset analysis for conveyor belt deviation can meet the 

operating requirements. 

Table 1. Global offset analysis at the same line frequency and different speeds 

The deviation degrees of the conveyor belt are calculated, and relevant results are 

plotted as shown in fig. 5. At various speeds, the deviation degrees all range between  

40-50 mm. Clearly, the deviation degree measurements are almost unaffected by the change 

of rotation speed. The system gives an alarm when all the deviation degree values are above 

40 mm and below 70 mm. 

Experimental analysis at different  

camera line frequencies 

In this experiment, the line camera captures the conveyor belt images at different 

line frequencies, which are used to calculate the global offsets of the conveyor belt. Table 2 

lists the relevant analytical results. As can be seen, the mean global offsets are very close to 

the true values at different line frequencies and rotation speeds, showing relative errors within 

5%. The computational duration of image data sampled for 30 seconds is less than 1.5 sec-

onds, and the mean time consumed per frame image is 16.3 ms. 

 

Figure 4. Deviation fault test 

Speed [ms–1] 
Mean global  
offset [%] 

Relative  
error [%] 

Total time  
consumption [ms] 

Mean time consumption  
per frame [ms] 

0.72 4.8267 3.5904 697.3 14.8 

1.08 4.9145 1.7397 729.0 15.5 

1.44 4.8200 3.7344 701.2 14.9 

1.80 4.8516 3.0588 692.7 14.7 

2.16 4.7828 4.5413 698.7 14.8 
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Figure 5. Deviation degree curves at the same line frequency and different speeds  
 

Table 2. Global offset analysis at different line frequencies and speeds 

 

The deviation degrees of the conveyor belt are calculated, and the relevant results 

are plotted as shown in fig. 6. At various line frequencies and speeds, the deviation degrees all 

range between 40-50 mm. Clearly, the deviation degree measurements are unaffected by the 

change of rotation speed and line frequency, revealing good computational stability. The sys-

tem gives an alarm when all the deviation degree values are above 40 mm and below 70 mm. 

 

Figure 6. Deviation degree calculations at different line frequencies and speeds 
 

Speed 
[ms–1] 

Line frequency  
[Hz] 

Mean global 
offset [%] 

Relative error 
[%] 

Total time  
consumption [ms] 

Mean time consumption 
per frame [ms] 

0.72 800 4.8072 4.0107 377.4 15.7 

1.08 1200 4.8649 2.7770 579.7 16.6 

1.44 1600 4.8274 3.5754 769.4 16.4 

1.80 2000 5.0184 0.3667 917.2 15.5 

2.16 2400 4.9577 0.8532 1242.6 17.5 
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According to a combination of tabs. 1 and 2, the mean time consumption per frame 

during deviation fault detection is 16.3 ms, and the relative error of global offset computation 

is within 5%. This indicates that both the accuracy and real-timeliness of deviation fault iden-

tification for the conveyor belt can meet the engineering requirements. 

Conclusion 

In this study, a segmentation model for the conveyor belt images is developed by 

exploiting the feature of identical illumination received by the same acquisition unit of linear 

CCD camera at different times. It allows adaptive segmentation of the conveyor belt images 

by resolving the adaptive segmentation parameters based on the artificial bee colony algo-

rithm, thereby allowing accurate extraction of the belt edge position information. A belt offset 

quantification model is proposed, which allows accurate calculation, with relative errors be-

low 5%. The proposed model provides an objective basis for the accurate identification of belt 

deviation faults, as well as an effective approach to the continuous fault monitoring. The 

technology has opened the path for a new way to continuous on-line detection of the conveyor 

belt deviation. 
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